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㎂ 2. 㹢孅噪◅簟妰注荈隮-└ꄆ㍌冓儼顏隮纭榫♙ 
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⪓◅簟妰注荈隮顏隮纭榫嫏压孾氫鿯╈黨葋◅榻ꁂꀪ⻡ꄈ 

䰕 金儗乄䋧环▽噪◅簟妰注荈隮顏隮纭榫嫏(GC×GC-qMS)压孾氫鿯╈黨葋◅榻ꁂꀪ眷㖆

⴬⯘⻡ꄈ氳亡嫏ն注㵒◇⚩簊 GCMS 亡嫏院亡嫏氳⮇熊䈲催냖⺎♔僗䷞氳⬵㵽㓹顏㵒

泘剝篯⮇氳䇕䣼䬠냖㲋䓪㲋ꄈ氳固漶䓪ն 

⪩꜄陊噪◅簟妰注荈隮顏隮嫏 黨葋◅榻ꁂꀪ 氫鿯  

 

黨葋◅榻ꁂꀪPhthalates佭黨葋◅榻ꁂ䎬䡗氳ꀪ氳簊燢佭㖆翶䄄┯╈僄䅻榫氳㖆

⴬⯘ն循几⛮⫂黨葋◅榻ꁂꀪ⚢◲榟眷⛎◇ꥥ忂碜氳⛼榫ն注⪩䥊鷺阡╙Ꝛ僿괐榫㖆⴬⯘

飃剝氳괐⿁⚢䩣㲺槀䓪榟墼耇ⱱ➢✳㝶䓪䓪企捙♔⹖㵒⩦橻硍簊⽰寕⴬硍簊鵲䡗⚮㲺

榗舘⚢䩣㲺几眷㓹㍕ն 

氫鿯㍕鿯瞿䈲鰏냖佭黨葋◅榻ꁂꀪ眷㖆⴬⯘氳荂㞑巖⯘ն循氫鿯榟◲յ鲡鰟⹖

顕㰇鲋爊╈䫙鉵⮽㖆乢⯆⿁㏰僗⺎耇䌖⪍娤刌ն2012䇗11僖20仼㨦⛮䥑꨽╈㎁鿯┯ⶖ⚢

循2012䇗8僖20仼氳վ⪩◇氫鿯◲⿁㖆⴬⯘僗⪩ꠋ겗氳陱伺տ╈䧗⭴鵠鲋㵒噪㎁氫鿯◲⿁

㛻ꄈ噪ꪫ氳孾㲋氫鿯◲⿁╈㓹儗┕齉⻡僗㖆⴬⯘䡗⮇նꈶ◇氫鿯循䡘㎁僗䄉㛻氳寕顠紮⛮

氫鿯╈㖆⴬⯘⻡ꄈ压孾䌖几嫱泘ն 

儗乄䋧环▽噪◅簟妰注荈隮顏隮纭榫嫏(GC×GC-qMS)压孾氫鿯╈黨葋◅榻ꁂꀪ⻡ꄈ氳

亡嫏ն注㵒⚩簊GCMS嫏院亡嫏冓㛻㏐䬠냖▽⮇熊䈲⺎♔僗䷞⬵㵽㓹顏㵒泘剝篯⮇氳䇕

䣼꡹⛦⡾ꡖ䓪篾冽䬠냖㲋䓪㲋ꄈ氳固漶䓪ն 

 

1㲓뀰鼨⮇ 
1.1 ♙ 

㹢孅噪◅簟妰注荈隮顏隮纭榫♙(GC×GC-qMS) 

1.2 ⮇冫兣♭ 

1.2.1 荈隮兣♭ 

荈隮刼1DB-1(30 m × 0.25 mm ×1 µm) 

荈隮刼2BPX-50(1 m × 0.1 mm ×1 µm) 

刼裹爊䈌60˳(1 min)_20˳/min_ 220˳ 

(1min)_5˳/min _300˳(16min) 

鰉妰He 

鰉妰䫝⯆亡䌋䔩始嘗䌋 

刼孲ꄈ1 mL/min 

鲽劫⹾裹䈲280˳ 

隀⯆⼽僿5 sec 

鲽劫亡䌋┘⮇孲鲽劫1 min 

鲽劫ꄈ1 μL 

1.2.2 顏隮兣♭ 

熊查⴬亡䌋EI 

熊查嶏裹䈲230˳ 

荈隮-顏隮䫙⹾裹䈲280˳ 

巖⯘滑鳁休ꠑ5 min 

ꃾ꥘亡䌋scan 

顏ꄈ葶㍴55~350 amu 
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ꠑꣵ休ꠑ0.02 sec 

1.3 劫⿁⯥㚲杼 

固漶燢⹧20 g氫鿯劫⿁85˳姢宺30 minն因ⷌ⺵鯸燰舘熊䑐陒留╈塑⪍2 mL塜䄕

戇ꧠ蔷熊䑐⺵⹧┕㷄尔⛮波䫙┕儬⮇冫ն 

 

2篾冽┚阥阷 
2.1 剝⬢巖尔⭴㼉隮㎂ 

鿥⯆ 2 mg/LDINP ⽰ DIDP 氳宆䈲╙ 8 mg/L氳 17 熨黨葋◅榻ꁂꀪ氳岝⺭剝固巖尔

䧝拨┕鳮⮇冫兣♭鲽车⮇冫䐂⮽隮㎂㞝┖⺨篯⮇⟊槴休ꠑ㞝┖辑 1 䢦鲨ն 

循 17 熨⴬⺭擻╈DINP ⽰ DIDP ╙䏭㛢䋳冘⛮氳岝⺭擻循┉簟隮㎂╈辑朆╙紮㼉

休ꠑ饖䈲奃鰏Ꝛ┦注◎ꄆ䇜䇕䣼黨葋◅榻ꁂ◅塜鰨ꀪDNOP氳㲋䓪⽰㲋ꄈ⛮鈷

㎂ 3ն循 GC×GC-qMS 氳篾冽╈17 熨黨葋◅榻ꁂꀪ氳⮇熊䗯⬅荂㞑└熨⴬⺭擻循瑭◅

簟䐂⮽▽㱮噪⮇熊ն 

 

㎂ 1. 黨葋◅榻ꁂꀪ岝⺭剝固⿁巖尔2 mg/L氳 GC×GC ◅簟鯺䊑㎂ 

     

㎂ 2. 鼨⮇䷒㛻氳隮㎂ 

15 

16 

17 

◅
簟

⟊
槴

休
ꠑ

(s
ec

) 

┉簟⟊槴休ꠑ(min) 
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15 DNOP, 16 DINP, 17 DIDP 

16.0 16.5 17.0 17.5 18.0 18.5 19.0 19.5 20.0 20.5

0.00

0.25

0.50

0.75

1.00

1.25

1.50

1.75

(x1,000,000)

㎂ 3. 黨葋◅榻ꁂꀪ氳 GCMS 䔅熊查孲㎂ 

辑 1. ⺨篯⮇氳⺳燢յ◅簟荈隮氳⟊槴休ꠑ⹖攑䏣熊查 

No. ⺳燢 甏燢 

荈隮⟊槴休ꠑ 
泘剝熊查

(m/z) 

⹇縓熊查

(m/z) 
┉簟

(min) 

◅簟

(sec) 

1 黨葋◅榻ꁂ◅榻ꀪ DMP 11.583 1.08 163 77133 

2 黨葋◅榻ꁂ◅▁ꀪ DEP 13.083 1.14 149 177176 

3 黨葋◅榻ꁂ◅䋳┊ꀪ DIBP 16.750 1.24 149 57150 

4 黨葋◅榻ꁂ◅┊ꀪ DBP 18.167 1.32 149 150205 

5 黨葋◅榻ꁂ◅(2-榻姍㓹)▁ꀪ DMEP 18.500 1.52 59 149104 

6 黨葋◅榻ꁂ◅(4-榻㓹-2-䡏㓹)ꀪ BMPP 20.083 1.26 149 85167 

7 黨葋◅榻ꁂ◅(2-▁姍㓹)▁ꀪ DEEP 20.250 1.52 149 7372 

8 黨葋◅榻ꁂ◅䡏ꀪ DPP 21.083 1.40 149 150237 

9 黨葋◅榻ꁂ◅䄕ꀪ DHXP 24.083 1.46 149 150251 

10 黨葋◅榻ꁂ┊㓹菴㓹ꀪ BBP 24.167 1.76 149 91206 

11 黨葋◅榻ꁂ◅(2-┊姍㓹)▁ꀪ DBEP 25.833 1.62 149 57193 

12 黨葋◅榻ꁂ◅朅䄕ꀪ DCHP 27.000 1.94 149 167249 

13 黨葋◅榻ꁂ◅(2-▁㓹)䄕ꀪ DEHP 27.167 1.56 149 167279 

14 黨葋◅榻ꁂ◅葋ꀪ DPhP 27.167 2.34 225 77226 

15 黨葋◅榻ꁂ◅塜鰨ꀪ DNOP 30.583 1.94 149 150279 

16 黨葋◅榻ꁂ◅䋳㚗ꀪ DINP 30.750 1.86 293 149,127 

17 黨葋◅榻ꁂ◅䋳氣ꀪ DIDP 35.833 2.36 307 149167 

2.2 劫⿁孾陒 

䧝拨 1.3 䢦鳮亡嫏㚲杼切氫鿯劫⿁篾冽辑伺院鿯劫╈压⭴▽黨葋◅榻ꁂ◅┊ꀪDBP

⽰黨葋◅榻ꁂ◅2-▁㓹䄕ꀪDEHP⛮鈷┖㎂ 4ն 

鿯╈⻡僗鰏㛢氳崅熊耏罙ꁂ院眷䡗⮇⚢䇕䣼⮇冫篾冽鵲䡗隮䈑压碠ⵯ鿥䈲┖꡹նꃾ

榫 GC×GC-qMS 亡嫏鲽车⮇冫崅熊耏罙ꁂ⽰黨葋◅榻ꁂꀪ循◅簟┕䐂⮽⮇熊羜俍䇕䣼

꡹⛦隮䈑压碠ⵯ鿥䈲䬠냖㎂ 5 ╙ DBP 循 GC×GC-qMS ⽰䅻鈺 GCMS ┕隮䈑压碠㵒奃㎂ն 

15 

16 
17 
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㎂ 4. 切氫鿯劫⿁氳 GC×GC ◅簟鯺䊑㎂ 

                       

2.3 剝⬢傪篪յ㍑䷅曎⹖ꄆ朆䓪篾冽 

鿥⯆┉硍⮜宆䈲╙ 0.1յ0.5յ1յ2յ4 mg/L 氳黨葋◅榻ꁂꀪ氳岝⺭剝固巖尔♔宆

䈲╙嘦㏿剝㲋ꄈ熊查氳㼉⛮燠╙篠㏿剝簃⯆剝固傪篪剝固傪篪亡爊䌋⽰篪䓪注⪩

硍丘㞝┖辑 2 䢦鲨ն 

⹧狝氫氫鿯劫⿁ 20 g⮇⮷⹧ 3 ╄䇖车劫ն塑⪍┉㲋ꄈ黨葋◅榻ꁂꀪ剝固巖尔塑

剝宆䈲 0.1 mg/kg䧝拨┕鳮⯥㚲杼塠끈⽰♙䄄⛼兣♭鲽车ꄆ朆䓪⹖㍑䷅曎孾陒篾冽

鈷┖辑 2ն 

GC×GC-qMS 隮䈑压碠篾冽 GCMS 隮䈑压碠篾冽 

㎂ 5. DBP 隮䈑压碠篾冽㵒奃 

┉簟⟊槴休ꠑ(min) 

◅
簟

⟊
槴

休
ꠑ

(s
ec

) 
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辑 2. 亡嫏ꄆ朆䓪⽰僄⛦压⭴꡿ 

No. ⺳燢 篪䓪亡爊 
注⪩硍丘 

r 

䇖㏰㍑䷅曎 

(%, n=3) 

RSD 

(%, n=3) 

1 DMP Y = 3.81×106X + 28175 0.9994 90.72 5.87 

2 DEP Y = 3.37×106X + 55448 0.9991 76.89 4.75 

3 DIBP Y = 5.63×106X + 108791 0.9986 76.09 3.86 

4 DBP Y = 6.17×106X + 158551 0.9996 101.76 5.11 

5 DMEP Y = 3.84×106X - 35125 0.9993 89.67 3.12 

6 BMPP Y = 3.62×106X - 4291 0.9985 104.54 7.13 

7 DEEP Y = 785138X - 12378 0.9984 83.74 4.78 

8 DPP Y = 7.02×107X + 98364 0.9981 79.57 6.85 

9 DHXP Y = 7.79×106X - 99130 0.9988 104.26 3.04 

10 BBP Y = 3.65×106X - 67956 0.9986 110.07 2.79 

11 DBEP Y = 992665X + 17175 0.9981 114.39 7.37 

12 DCHP Y = 5.48×106X - 72968 0.9986 104.28 6.38 

13 DEHP Y = 4.29×106X + 8156.5 0.9987 95.78 5.73 

14 DPhP Y = 5.21×106X - 777664 0.9987 101.73 6.83 

15 DNOP Y = 3.72×106X + 281752 0.9985 105.09 3.32 

16 DINP Y = 183758x + 136331 0.9984 109.78 8.42 

17 DIDP Y = 113467x + 23415 0.9974 98.76 3.67 

 

3篾阷 
注㵒◇⚩簊亡嫏噪◅簟妰注荈隮耇㛫㵨鰏ꥈ⮇熊氳黨葋◅榻ꁂ◅塜鰨ꀪDNOPյ

黨葋◅榻ꁂ◅䋳㚗ꀪDINP⽰黨葋◅榻ꁂ◅䋳氣ꀪDIDP循瑭◅簟荈隮刼┕⮇熊䇜

㵨崅熊耏罙ꁂ璡䇕䣼㓹顏⽰泘剝篯⮇僗䷞㏐⮇熊篾⺭顏隮纭榫耇㛫✳⮇冫篾冽氳固漶䈲

䐂⮽㛻㛻䬠ⶍն 
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⪓◅簟妰注荈隮顏隮纭榫嫏㲋䓪⮇冫氫鿯╈곽⽏擻顏 

䰕 金儗乄ꃾ榫噪◅簟妰注荈隮顏隮纭榫嫏(GC×GC-qMS)㵒┼熨氫鿯劫⿁╈氳곽⽏䡗⮇鲽

车㲋䓪⮇冫⮇⮷㲋䓪⭴ 816 ⽰ 422 熨⴬⺭擻ն篾冽辑伺噪◅簟妰注荈隮鰏䅻鈺妰注荈

隮僗催㛻氳㼉㳋ꄈյ催냖氳⮇鱂曎⽰愓䷨䈲篾⺭㹢孅 GCMS-QP2010 Ultra ㍌冓儼妰顏

纭榫♙氳 ASSP 냖鵮䣴䬞䤗儛耇㛫╙㛄儷劫⿁氳孾㲋䬠❠固漶氳⮇冫篾冽ն 
⪩꜄陊噪◅簟妰注荈隮顏隮纭榫嫏 氫鿯 㲋䓪⮇冫 

 

䡘㎁氫鿯┚氫⪥㏐յ㣛㚖䑚յ⚒攑塑յ僮㡁鿯յꄌ鿯䇜⮜╙┪槡⪠㛻蠕꺒鿯佭㲒顜氳

妩仍鸆◲ն氫鿯妰⽏菑꺜篚塜⪍⹾簠榚撧困⪭╚金䡗⮇佭▁ꁣ⽰姢篑ⶭ䔅ꄆꄈ氳 98%

䄅⺓⪭⛸氳䐭ꄈ䡗⮇篑ⶭ 2%ⴎ䦮僗儬ꁂյꁣյꂊյꂍյꀪ眷♔⹖⪭框菑꺜仍⴬⺭擻ն

氫鿯╈氳䐭ꄈ䡗⮇豓抆⻡ꄈ冓㵽⛙⬀㲋浔鿯氳꺜妰յ⹾⽏⽰곽劲冘䡗▽氫鿯氳┘⺱⪯㑔

䓪ն㍕塝氫鿯곽⽏氳䎬䡗┚⪭꺜⽏䡗⮇氳篯䡗┚⻡ꄈ⮇┘䋯ն 

噪◅簟妰注荈隮GC×GC佭 20 ┪篕 90 䇗创⹠㷤颯全氳┉熨⮇熊㛄儷岝⺭擻氳噪亍

䣆夀框䤧⮇熊儬杼┘⺱縡⹒注◎释环氳┼劯荈隮刼鵠鲋隀⯆♔╏纭亡䌋鳀䫙䡗◅簟妰注

荈隮刼硍簊ն噪◅簟妰注荈隮奃俋鵠┉簟妰注荈隮僗⮇鱂曎催냖յ㼉㳋ꄈ㛻յ愓䷨䈲㞑յ

⮇冫鵮䈲䒍璡⚝憠ն 

儗㲓뀰㵨噪◅簟妰注荈隮顏隮纭榫嫏(GC×GC-qMS)䈒榫◇氫鿯곽⽏䡗⮇氳⮇冫ն篾冽

辑伺噪◅簟荈隮╙㛄儷劫⿁氳⮇冫䬠❠▽䏭㞑氳䣆夀ն 

 

1㲓뀰鼨⮇ 
1.1 ♙ 

㹢孅噪◅簟妰注荈隮顏隮纭榫♙(GC×GC-qMS) 

1.2 ⮇冫兣♭ 

1.2.1 荈隮兣♭ 

荈隮刼1InertCap Pure Wax(30 m× 

0.25 mm×0.25 µm) 

荈隮刼2BPX-1(2.5 m× 0.1 mm× 

0.1 µm) 

刼裹爊䈌40˳(2 min)_2˳/min_230˳ 

(23 min) 

鰉妰He 

鰉妰䫝⯆亡䌋䔩始 200 kPa 

鲽劫⹾裹䈲220˳ 

隀⯆⼽僿5 sec 

鲽劫亡䌋┘⮇孲鲽劫1 min 

鲽劫ꄈ1 μL 

1.2.2 顏隮兣♭ 

熊查⴬亡䌋EI 

熊查嶏裹䈲200˳ 

荈隮-顏隮䫙⹾裹䈲230˳ 

巖⯘滑鳁休ꠑ3 min 

ꃾ꥘亡䌋scan 

顏ꄈ葶㍴31~325 amu 
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ꃾ劫겐曎50 Hz 

1.3 劫⿁⯆㚷 
⹧ 40 mL 氫鿯劫⿁塑⪍ 5 mL 깴⽰괐沩姢ն塑⪍ 40 mL 塜䡏戇⮇⮷蚃⹧ 3 埠⺭䇜蚃⹧

尔ն篺端姢漰ꁂꙶ䇕适⺵宆籔舘 1 mL鯸燰舘鲽劫㵸椿┕儬⮇冫ն 

 

2篾冽阥阷 
2.1 荈隮㎂ 

ꃾ榫 GC×GC-qMS 㵒䄬す┼熨氫鿯劫⿁鲽车⮇冫䐂⮽氳◅簟鯺䊑㎂㞝┖㎂䢦鲨ն 

⮇冫篾冽辑伺GC×GC 瑭┉簟ꃾ榫 InertCap Pure Wax(30 m × 0.25 mm ×0.25 µm)

瑭◅簟ꃾ榫 BPX-1(2.5 m × 0.1 mm ×0.1 µm)氳刼硍簊耇㛫㵨┉簟荈隮㎂┕ꄆ氳⴬⺭

擻䧝拨冓䓪⽰媦憠循◅簟隮㎂┕鲽车䪷䄭⺨⴬⺭擻㲓朆▽塜◬⮇熊ն 

 
  

㎂ 1. 氫鿯劫⿁ 1 氳◅簟鯺䊑㎂ 

 
 

 ㎂ 2. 氫鿯劫⿁ 2 氳◅簟鯺䊑㎂ 

 

◅
簟

⟊
槴

休
ꠑ

(s
ec

) 
◅

簟
⟊

槴
休

ꠑ
(s

ec
) 

┉簟⟊槴休ꠑ(min) 

┉簟⟊槴休ꠑ(min) 
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2.2 㲋䓪压碠篾冽 

篾⺭ NIST 11 剝固顏隮䈑㵒夷╄㼉鲽车隮䈑压碠⮇⮷僗 816 ⽰ 422 ╄㼉逈㲋䓪⭴

压碠注⛎䈲㛻◇ 800ն⛮篾冽⹖⮇䄭㎂⮇⮷鈷辑 1ն 

 
 

辑 1. 氫鿯劫⿁氳㲋䓪压碠篾冽 

No. 眷㑔 
㲋䓪氳篯⮇丘熨 

劫⿁ 1 劫⿁ 2 

1 ꁣ眷⴬⺭擻 105 70 

2 ꀂ眷⴬⺭擻 7 1 

3 ꂊ眷⴬⺭擻 108 69 

4 ꂍ眷⴬⺭擻 18 27 

5 ꀨ眷⴬⺭擻 76 35 

6 ꀪ眷⴬⺭擻 302 129 

7 紲ꁂ眷⴬⺭擻 65 27 

8 ⻡姘⴬⺭擻 50 9 

9 ⻡漰⴬⺭擻 6 8 

10 ⪭☽⴬⺭擻 79 47 

 ⺭阞 816 422 

 

3篾阷 
┚䅻鈺妰注荈隮注奃噪◅簟荈隮僗⮇鱂曎냖յ㼉㳋ꄈ㛻յ愓䷨䈲냖յ⮇冫鵮䈲䒍յ

仍⮇熊䷞䈒⽰椙撴䷞䈒璡⚝憠縡㹢孅㍌冓儼妰顏纭榫♙GCMS-QP2010 Ultra氳냖鵮䣴䬞䫝

⯆䤗儛ASSP耇㛫䬠❠냖鱳20000 u/sec氳䣴䬞鵮䈲⽰僄냖100Hz氳ꃾ劫겐曎⟊阾▽噪◅簟

荈隮╈㳑䈲䏭狸氳荈隮㼉氳僗䷞ꃾ꥘┦㍌冓儼顏隮压孾ꃾ꥘䐂⮽氳顏隮㎂┚剝固顏隮㎂

僗催㞑氳ⵯ鿥䈲⟊阾▽㲋䓪篾冽氳固漶䓪ն㍕塝GC×GC-qMS佭⮇冫㛄儷岝⺭擻氳䍠

僗ⱱ䄄ն 
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⪓◅簟妰注荈隮顏隮纭榫嫏㲋䓪⮇冫啉藗冽㲓╈곽⽏擻顏 

䰕 金ꃾ榫걵狝㍾注䐭蚃⹧㳫꥘噪◅簟妰注荈隮顏隮纭榫嫏GC×GC-qMS孾㲋啉藗

冽㲓╈氳곽⽏擻顏☳╈ꈶ㲋⭴ 147 熨篯⮇ն篾冽辑伺ꀪ眷յꁣ眷յꂍ眷⴬⺭擻⽰⻡漰

⴬⺭擻╙啉藗꺜妰氳╚金䡗⮇ն 
⪩꜄陊噪◅簟妰注荈隮顏隮纭榫嫏 걵狝㍾注䐭蚃⹧ 啉藗 㲋䓪⮇冫 

 
啉藗㷯儒厚熭懷䅠蛽⺗╹儒ն啉藗冽缜⼑屭랋荈睳䓪㛢姱ꁂ鯻⽏榚⛎僗ꦣ矲⽏

鷺⪭妰⽏宆憷ն几♜㵒⪭⽏鷺㰇循◂阫撕⺧啉藗氳几颅紇框帑⛎㝿脹륅겉槴꺜ն┘撕⺧

啉藗氳几ꠘ⪭♑几┘䙞䒍氳憮嬤蝽⽏鲾鲾鹵╯ն 

噪◅簟妰注荈隮GC×GC佭 20 ┪篕 90 䇗创⹠㷤颯全氳┉熨⮇熊㛄儷岝⺭擻氳噪亍䣆夀

框䤧⮇熊儬杼┘⺱縡⹒注◎释环氳┼劯荈隮刼鵠鲋隀⯆♔╏纭亡䌋鳀䫙䡗◅簟妰注荈隮刼硍

簊ն噪◅簟妰注荈隮奃俋鵠┉簟妰注荈隮僗⮇鱂曎催냖յ㼉㳋ꄈ㛻յ愓䷨䈲㞑յ⮇冫鵮䈲䒍

璡⚝憠ն 

儗乄⮵榫걵狝㍾注䐭蚃⹧㳫꥘㹢孅噪◅簟妰注荈隮顏隮纭榫♙鲽车⮇冫啉藗╈氳꺜⽏䡗

⮇☳╈ꈶ㲋⭴ 147 熨擻顏ն㲋䓪篾冽辑伺湿ꛔ耏罙ꁂꀪ眷僗鰏宆黯氳姢冽⽏╙꺜⽏氳

╚金䡗⮇縡啉藗╈氳⻡漰⴬⺭擻⮟⚢◲榟攑墥妰⽏ն 

 

1㲓뀰鼨⮇ 
1.1 ♙ 

㹢孅噪◅簟妰注荈隮顏隮纭榫♙(GC×GC-qMS)  

1.2 ⮇冫兣♭ 

1.2.1 SPME 兣♭ 

蚃⹧㜍75μm CarboxenTM-PDMS 

蚃⹧裹䈲40˳ 

蚃⹧休ꠑ30 min 

鉯冫休ꠑ2 min 

1.2.2 荈隮兣♭ 

荈隮刼1InertCap Pure Wax(30 m× 0.25  

mm×0.25 µm) 

荈隮刼2BPX-1(2.5 m× 0.1 mm ×0.1 µm) 

刼裹爊䈌50˳(2 min)_2˳/min_180˳ 

(10 min) _20˳/min_240˳(20 min) 

鰉妰He 

鰉妰䫝⯆亡䌋䔩始 270 kPa 

鲽劫⹾裹䈲240˳ 

隀⯆⼽僿4 sec 

鲽劫亡䌋⮇孲鲽劫 

⮇孲奃301 

1.2.3 顏隮兣♭ 

熊查⴬亡䌋EI 

熊查嶏裹䈲200˳ 

荈隮-顏隮䫙⹾裹䈲230˳ 

巖⯘滑鳁休ꠑ2 min 
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ꃾ꥘亡䌋scan 

顏ꄈ葶㍴33~325 amu 

ꃾ劫겐曎50 Hz 

2篾冽阥阷 
2.1 荈隮㎂ 

儗㲓뀰荈隮刼 1 ꃾ榫 InertCap Pure wax(30 m × 0.25 mm ×0.25 µm)荈隮刼 2 ꃾ榫

▽ BPX-1 (2.5 m × 0.1 mm ×0.1 µm)㍕塝⮇冫擻耇㛫循院硍簊┕䧝拨冓䓪⽰媦憠塜◬

⮇熊ն 

ꃾ榫 GC-Image 鯻♭簃⯆劫⿁氳 GC×GC ◅簟鯺䊑㎂㞝㎂ 1 䢦鲨ն⪭╈嘦㏿剝╙荈

隮刼 1 氳⟊槴休ꠑ⶝⛤╙⮇ꙵ篠㏿剝╙荈隮刼 2 氳⟊槴休ꠑ⶝⛤╙熯ն夷┉╄篯⮇

㵒䈒┉╄ BlobBlob 氳겛荈飉岑院篯⮇氳宆䈲飉냖ն 

 
  

㎂ 1. 啉藗氳 GC×GC ◅簟鯺䊑㎂ 

 
 

㎂ 2. ⻡漰⴬⺭擻氳⭴㼉隮㎂⹖篾冘 

2.2 㲋䓪压碠篾冽 

鵠鲋阞畀⪦僗 858 ╄篯⮇氳⟔㉽奃㛻◇ 100篾⺭ NIST 11 剝固顏隮䈑㵒夷╄㼉鲽

车隮䈑压碠⪦僗 147 ╄㼉逈㲋䓪陃⮷塜注压碠注⛎䈲㛻◇ 800⹛注压碠注⛎䈲㛻◇

850ն⪭╚金䡗⮇╙ꀪ眷յꁣ眷յꂍ眷⽰⻡漰⴬⺭擻⛮篾冽㞝辑 1 䢦鲨ն 

◅
簟

⟊
槴

休
ꠑ

(s
ec

) 

┉簟⟊槴休ꠑ(min) 

┉簟⟊槴休ꠑ(min) 

◅
簟

⟊
槴

休
ꠑ

(s
ec

) 



 

15 
 

辑 1. 切啉藗冽㲓氳㲋䓪压碠篾冽 

No. ⴬⺭擻⮇眷 㲋䓪篯⮇丘╄ 
1 ꁣ眷⴬⺭擻 27 
2 ꂊ眷⴬⺭擻 3 

3 ꂍ眷⴬⺭擻 18 

4 籔ꂍ眷⴬⺭擻 2 

5 ꀨ眷⴬⺭擻 5 

6 ꀪ眷⴬⺭擻 53 

7 紲ꁂ眷⴬⺭擻 7 

8 ⻡漰⴬⺭擻 16 

9 ⪭☽⴬⺭擻 16 

 ⺭阞 147 

 

3篾阷 
儗乄䋧环▽걵狝㍾注䐭蚃⹧㳫꥘噪◅簟妰注荈隮顏隮纭榫嫏孾㲋啉藗╈곽⽏擻顏氳⮇

冫亡嫏ն鵠鲋㵒拨Nist11剝固隮䈑⪦僗147熨篯⮇逈㲋䓪⭴ն篾冽辑伺湿ꛔ耏罙ꁂꀪ眷

⴬⺭擻╙啉藗冽㲓氳╚金꺜⽏䡗⮇縡㛻ꄈ⻡漰⴬⺭擻⮟佭䌖颯啉藗丆⹠攑墥妰⽏氳╚金⸊

㍕ն 
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⪓◅簟妰注荈隮顏隮纭榫嫏㲋䓪⮇冫愂ꛛ䈔乢╈䨅⹠䓪篯⮇ 

䰕 金ꃾ榫噪◅簟妰注荈隮顏隮纭榫嫏GC×GC-qMS♔冓䓪刼 InertCap Pure Wax(30 

m × 0.25 mm ×0.25 µm)⛼╙瑭┉簟荈隮刼䍐冓䓪刼 BPX-5 (2.5 m × 0.1 mm ×0.1 µm)

╙瑭◅簟荈隮刼㵒愂ꛛ䈔乢╈氳䨅⹠䓪篯⮇鲽车⮇冫ն循注⺱兣♭┖1#愂ꛛ䈔乢僗 193

熨篯⮇2#愂ꛛ䈔乢僗 112 熨篯⮇,⟔㉽奃㛻◇ 200ն㲓뀰篾冽简鲨GC×GC-qMS 循愂ꛛ

䈔乢꺜⽏䡗⮇⮇冫⹖溿狓겅㓊僗䏭㛻氳⚝ⲡն 
⪩꜄陊噪◅簟妰注荈隮顏隮纭榫嫏 愂ꛛ䈔乢 㲋䓪⮇冫 

 

噪◅簟妰注荈隮GC×GC佭 20 ┪篕 90 䇗创⹠㷤颯全氳┉熨⮇熊㛄儷岝⺭擻氳噪亍

䣆夀框䤧⮇熊儬杼┘⺱縡⹒注◎释环氳┼劯荈隮刼鵠鲋隀⯆♔╏纭亡䌋鳀䫙䡗◅簟妰注

荈隮刼硍簊ն噪◅簟妰注荈隮┚俋鵠┉簟妰注荈隮注奃僗⮇鱂曎催냖յ㼉㳋ꄈ催㛻յ愓

䷨䈲㞑յ⮇冫鵮䈲䒍璡⚝憠ն 

儗亡嫏⮵榫㹢孅噪◅簟妰注荈隮顏隮纭榫嫏㵒愂ꛛ䈔乢╈氳䨅⹠䓪꺜⽏䡗⮇鲽车⮇冫

奃鰏篾⺭ NIST11 剝固顏隮䈑㵒夷╄겛荈鰏岑氳 Blob 鲽车隮䈑压碠㲋䓪⪭╈氳꺜⽏

擻顏ն㲓뀰篾冽辑伺┘⺱氳愂ꛛ䈔乢╈⻡僗┘⺱氳䨅⹠䓪䡗⮇塝亡嫏氳䋯⹠╙愂ꛛ䈔乢

鿥亡氳溿狓䬠❠▽⺎ꪣ㏐熭㰣❤䩺ն 

 

1. 㲓뀰鼨⮇ 
1.1 ♙ 

㹢孅噪◅簟妰注荈隮顏隮纭榫♙(GC×GC-qMS) 

1.2 ⮇冫兣♭ 

1.2.1 걵狝兣♭ 

䇖辆裹䈲90˳ 

䇖辆休ꠑ30 min 

鲽劫⛮燠1 mL 

1.2.2 荈隮兣♭ 

荈隮刼1InertCap Pure Wax(30 m × 0.25 

mm ×0.25 µm) 

荈隮刼2BPX-5 (2.5 m × 0.1 mm ×0.1 

µm) 

刼裹爊䈌40˳(2 min)_2˳/min_230˳ 

鰉妰He 

鰉妰䫝⯆亡䌋䔩始 260 kPa 

鲽劫⹾裹䈲240˳ 

隀⯆⼽僿6 sec 

鲽劫亡䌋⮇孲鲽劫 

⮇孲奃10:1 

1.2.3 顏隮兣♭ 

熊查⴬亡䌋EI 

熊查嶏裹䈲200˳ 

荈隮-顏隮䫙⹾裹䈲230˳ 

巖⯘滑鳁休ꠑ3.5 min 



 

17 
 

ꃾ꥘亡䌋scan 

顏ꄈ葶㍴33~350 amu 

ꃾ劫겐曎50 Hz 

2篾冽阥阷 
2.1 荈隮㎂ 

ꃾ榫 GC Image 鯻♭簃⯆劫⿁氳噪◅簟鯺䊑㎂㞝㎂ 1 ⽰㎂ 3 䢦鲨ն⪭╈嘦㏿剝╙荈隮刼

1 氳⟊槴休ꠑ⶝⛤╙⮇ꙵ篠㏿剝╙荈隮刼 2 氳⟊槴休ꠑ⶝⛤╙熯ն夷┉╄篯⮇㵒䈒┉╄

BlobBlob 氳겛荈飉岑院篯⮇氳宆䈲飉냖ն 

 
 

㎂ 1. 1#愂ꛛ䈔乢䨅⹠䓪䡗⮇ GC×GC ◅簟鯺䊑㎂ 

┉簟⟊槴休ꠑ(min) 

◅
簟

⟊
槴

休
ꠑ

(s
ec

) 
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㎂ 2. 1#愂ꛛ䈔乢攑䏣⴬⺭擻氳⭴㼉隮㎂⹖⺳燢 

 

㎂ 3. 2#愂ꛛ䈔乢䨅⹠䓪䡗⮇ GC×GC ◅簟鯺䊑㎂ 

◅
簟

⟊
槴

休
ꠑ

(s
ec

) 

┉簟⟊槴休ꠑ(min) 

◅
簟

⟊
槴

休
ꠑ

(s
ec

) 

┉簟⟊槴休ꠑ(min) 
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㎂ 4. 2#愂ꛛ䈔乢攑䏣⴬⺭擻氳⭴㼉隮㎂⹖⺳燢 

 

2.2 㲋䓪压碠篾冽 

鵠鲋阞畀1#愂ꛛ䈔乢⪦僗 193 ╄篯⮇2#愂ꛛ䈔乢⪦僗 112 ╄篯⮇⟔㉽奃㏰㛻◇ 200

篾⺭ NIST 11 剝固顏隮䈑㵒겛荈鰏岑 Blob 鲽车隮䈑压碠㲋䓪塜⺸压碠注⛎䈲㛻◇ 800⹛

⺸压碠注⛎䈲㛻◇ 900ն⪭鼨⮇╚金䡗⮇㞝辑 1 ⹖辑 2 䢦鲨ն 
辑 1. 1#愂ꛛ䈔乢䨅⹠䓪篯⮇氳㲋䓪篾冽 

No. ⴬⺭擻⺳燢 Compound name CAS# 
1 ▁ꁂ▁ꀪ Ethyl acetate 141-78-6 
2 䋳䡏ꂍ 3-Methylbutyraldehyde 590-86-3 

3 ▁ꁣ Ethanol 64-17-5 

4 2,3-┊◅ꀨ 2,3-Butanedione 431-03-8 

5 α-螷懹 alpha-Pinene 80-56-8 

6 (-)-藔懹 (-)-Camphene 5794-04-7 

7 塜䄕ꂍ Caproaldehyde 66-25-1 

8 β-螷懹 beta-Pinene 127-91-3 

9 ┮懹ꁣ Allyl alcohol 107-18-6 

10 维懹 Sabinene 3387-41-5 

11 ◅懹┮㓹漰ꂊ Diallyl sulfide 592-88-1 

12 僖劽懹 Myrcene 123-35-3 

13 +-删圉懹 D-Limonene 5989-27-5 

14 紦㓹┮ꀨ Hydroxyacetone 116-09-6 

15 □ꁂ▁ꀪ Ethyl lactate 97-64-3 

┉簟⟊槴休ꠑ(min) 

◅
簟

⟊
槴

休
ꠑ

(s
ec

) 
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16 ▁ꁂ Acetic acid 64-19-7 

17 ◅懹┮㓹◅漰 Diallyl disulphide 2179-57-9 

18 菑嘔ꁣ Linalool 78-70-6 

19 砒ꁣ Furfuryl alcohol 98-00-0 

20 册媧ꁣ Terpineol 8000-41-7 

21 ▁ꁂ册媧ꀪ Terpinyl acetate 80-26-2 

22 --꺜菞ꀨ L(-)-Carvone 6485-40-1 

23 ▁ꁂ꺜⺗ꀪ Geranyl acetate 105-87-3 

24 ◅懹┮㓹└漰ꂊ Diallyl trisulfide 2050-87-5 

25 蓘꺜耭 cis-Anethol 104-46-1 

26 ▁㓹뜷菧ꀂ Ethyl maltol 4940-11-8 

27 㸔卢ꁂ Sorbic acid 110-44-1 

辑 2. 2#愂ꛛ䈔乢䨅⹠䓪篯⮇氳㲋䓪篾冽 

No. ⴬⺭擻⺳燢 Compound name CAS# 
1 䋳䡏ꂍ 3-Methylbutyraldehyde 590-86-3 
2 ▁ꁣ Ethanol 64-17-5 

3 α-螷懹 alpha-Pinene 80-56-8 

4 (-)-藔懹 (-)-Camphene 5794-04-7 

5 β-螷懹 beta-Pinene 127-91-3 

6 ┮懹ꁣ Allyl alcohol 107-18-6 

7 3-螮懹 3-Carene 13466-78-9 

8 α-姢菞懹 alpha-Phellandrene 99-83-2 

9 +-删圉懹 D-Limonene 5989-27-5 

10 β-姢菞懹 beta-Phellandrene 555-10-2 

11 䋳漰姜ꁂ┮懹ꀪ Allyl isothiocyanate 57-06-7 

12 ▁ꁂ Acetic acid 64-19-7 

13 ◅懹┮㓹◅漰 Diallyl disulphide 2179-57-9 

14 β-溍琉懹 beta-Caryophylene 87-44-5 

15 䋳䡏ꁂ 3-Methylbuttersαure 503-74-2 

16 ⹛䌋-2,4-氣◅懹ꂍ 2,4-Decadienal 2363-88-4 

17 䄕ꁂ Hexanoic acid 142-62-1 

18 ▁㓹뜷菧ꀨ Ethyl mantol 4940-11-8 

 

3篾阷 
儗乄䋧环▽噪◅簟妰注荈隮顏隮纭榫嫏GC×GC-qMS孾㲋愂ꛛ䈔乢╈䨅⹠䓪擻顏氳⮇

冫亡嫏ն循注⺱⮇冫兣♭┖⟔㉽奃㛻◇ 200 氳㼉1#愂ꛛ䈔乢僗 193 熨篯⮇2#愂ꛛ䈔乢僗

112 熨篯⮇ն鵠鲋 NIST 剝固隮䈑压碠╚金攑䏣꺜妰篯⮇逈㲋䓪ն篾冽辑伺㹢孅⪝⺚噪◅簟

荈隮 GC×GC-qMS ⺎♔僗䷞㵒愂ꛛ䈔乢䨅⹠䓪䡗⮇鲽车⮇熊䇜㲋䓪ն 
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⪓◅簟妰注荈隮顏隮纭榫嫏⮇冫篍罄╈곽⽏擻顏 

䰕 金篍罄循⹠ꀹ鲋爊╈姏㓹ꁂ⽰鲸⸊矵╯ꠑ⹠榟紇䥽䐼⹛䈒⽰耏顏懷꡹鉯⹛䈒☳縡䎬䡗곽⽏

擻顏╚金䡗⮇僗戇懹憯յꁣ眷յꂍ眷յꀨ眷յꁂ眷յꀪ眷յꀂ眷յ菑꺜憯յ⻡姍儷朅⴬⺭擻յ

⻡姘⴬⺭擻յ⻡漰⴬⺭擻յ⻡姚⴬⺭擻璡ն鲹◙䡗⮇氳⽏鷺踅⺭循┉颯䎬䡗▽篍罄攑墥氳꺜

妰ն儗乄ꃾ榫噪◅簟妰注荈隮顏隮纭榫♙(GC×GC-qMS)㵒篍罄╈곽⽏擻顏鲽车㲋䓪⮇冫⮵

榫 NIST17 隮䈑压碠⪦ꈶ㲋⭴顏隮注⛎䈲㛻◇ 600 ⽰⹛⺸压碠注⛎䈲㛻◇ 800 氳⴬⺭擻 65

熨ն篾冽辑伺噪◅簟妰注荈隮鰏䅻鈺妰注荈隮僗催㛻氳㼉㳋ꄈյ催䍠氳⮇熊耇ⱱ⽰냖愓䷨

䈲篾⺭㹢孅 GCMS-QP2020 ㍌冓儼妰顏纭榫♙氳 ASSP 냖鵮䣴䬞䤗儛耇㛫╙篍罄璡缜⯆⿁

곽⽏䡗⮇氳孾㲋䬠❠固漶氳⮇冫篾冽ն 

⪩꜄陊噪◅簟妰注荈隮顏隮纭榫♙  篍罄  곽⽏擻顏 

 

꺜罄眷괐⿁╯䢦♔紇⽏佭㍕╙循⹠ꀹ鲋爊╈⹠榟▽耏顏姍⴬⹛䈒⽰資氫姍⴬⹛䈒◲榟

▽戇懹憯յꁣ眷յꂍ眷յꀨ眷յꁂ眷յꀪ眷յꀂ眷յ菑꺜憯յ⻡姍儷朅⴬⺭擻յ⻡姘⴬⺭擻յ

⻡漰⴬⺭擻յ⻡姚⴬⺭擻璡ն篍罄氳䚊湳꺜妰全嶏佭鲹◙곽⽏擻顏踅⺭氳篾冽⺨篯⮇氳⻡ꄈ

㛢㵽⽰ꠥ⡬냖⛦佭䏆⿏곽⽏氳ꄆ金㍕碜ն 

噪◅簟妰注荈隮GC×GC佭20┪篕90䇗创⹠㷤颯全氳┉熨⮇熊㛄儷岝⺭擻氳噪亍䣆夀

框䤧⮇熊儬杼┘⺱縡⹒注◎释环氳┼劯荈隮刼鵠鲋隀⯆䡝燢隀⯆鉯隀♔╏纭亡䌋鳀䫙

循┉颯氳◅簟妰注荈隮刼硍簊ն噪◅簟妰注荈隮奃俋鵠┉簟妰注荈隮僗⮇鱂曎催냖յ㼉㳋ꄈ

㛻յ愓䷨䈲㞑յ⮇冫鵮䈲䒍璡⚝憠ն泘⯥噪◅簟妰注荈隮䄖循괐⿁յ溍⴬◲⿁յ꺜瞿յ朅㗟

溿狓璡㛢╄겅㓊䐂⮽䈒榫ն 

儗㲓뀰㵨噪◅簟妰注荈隮顏隮纭榫嫏(GC×GC-qMS)䈒榫◇╈篍罄氳곽⽏擻顏⮇冫ն篾冽

辑伺GC×GC-qMS╙篍罄╈곽⽏䡗⮇氳⮇冫䬠❠▽䏭㞑氳䣆夀榫䢦䋧环氳亡嫏⺎♔ꪝ䅻甏

➘յ波鈸氳䐂⮽篍罄╈곽⽏擻顏⟔䕜ն 

 

1㲓뀰鼨⮇ 
1.1 ♙ 

㹢孅噪◅簟妰注荈隮顏隮纭榫♙(GC×GC-qMS) 

1.2 ⮇冫兣♭  

1.2.1 SPME ⹇丘 

SPME FiberSPME PDMS/DVB 65 µm 

縏⴬裹䈲240˳ 

縏⴬休ꠑ蚃⹧⯥20 min 

䇖辆裹䈲80 ˳ 

䇖辆休ꠑ10 min 

蚃⹧休ꠑ20 min  

鲽劫⹾裹䈲250˳ 

鉯⻹休ꠑ2 min 
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縏⴬休ꠑ蚃⹧⺵5 min 

1.2.2 荈隮兣♭ 

 

荈隮刼1SH-Rtx-1ms 

(30 m×0.25 mm ×0.25 µm) 

荈隮刼2BPX-50  

(2.5 m ×0.1 mm ×0.1 µm) 

刼裹爊䈌60˳_3˳/min_300˳(5 min) 

鲽劫⹾裹䈲250˳ 

鲽劫亡䌋⮇孲鲽劫 

⮇孲奃5:1 

鲽劫ꄈ1 µL 

1.2.3 顏隮兣♭ 

熊查⴬亡䌋EI 

熊查嶏裹䈲230˳ 

䫙⹾裹䈲260˳ 

ꃾ꥘亡䌋scan 

顏ꄈ葶㍴45~339 amu 

䣴䬞鵮䈲20000 amu/sec 

隀⯆⼽僿6 sec 

懷ㅂ裹䈲350˳ 

懷ㅂ䧏簘休ꠑ350 msec 

ꃾ꥘겐曎50 Hz 

1.3 劫⿁⯆㚷 

㵨劫⿁㏰顏⺵固漶燢⹧ 2.5 g劫⿁䷒⪍걵狝椿╈SPME┕儬⮇冫ն 

 

2. 篾冽┚阥阷 
2.1 篍罄劫⿁荈隮㎂ 

㲓뀰阻糌隀⯆⼽僿╙6 sec⮇冫兣♭⹇縓1.2篍罄곽⽏擻顏GCXGC-qMS◅簟鯺䊑㎂⽰└

簟鯺䊑㎂鈷㎂1⽰㎂2ն 

 
 

㎂1. 篍罄곽⽏擻顏篯⮇GCXGC-qMS◅簟鯺䊑㎂ 

◅
簟

⟊
槴

休
ꠑ

(s
ec

) 

┉簟⟊槴休ꠑ(min) 
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㎂ 2. 篍罄곽⽏擻顏篯⮇ GCXGC-qMS └簟鯺䊑㎂ 

2.2 㲋䓪压碠篾冽 

ꃾ꥘䐂⮽氳GC×GC丘䩺篺ZOEX⪝⺚氳GC image鯻♭㚲杼阻糌⺭鴠氳燠⮇兣♭舅

ⲁ燠⮇⺵⪦僗500㛢╄㼉逈压⭴⮵榫NIST17剝固隮䈑㵒⺨荈隮㼉鲽车舅ⲁ压碠压碠篾

冽舅ⲁ榟䡗㼉辑ն㵨压碠篾冽鲽车几䄄劭㵒篾⺭乄昦╈㵒篍罄곽⽏䡗⮇⮇冫氳䥊鷺僄⺵

⪦ꈶ㲋⭴注⛎䈲⽰⹛⺸压碠注⛎䈲⮇⮷㛻◇600⽰900氳⴬⺭擻65熨⪭⮇眷鈷辑1ն 
辑 1. GCXGC-qMS 㵒篍罄㲋䓪篾冽⮇眷 

No. ⴬⺭擻⮇眷 㲋䓪篯⮇丘 
1 ꁣ眷 7 
2 ꀂ眷 21 
3 ꀪ眷 6 
4 ꂍ眷 6 
5 戇憯眷 11 
6 ꁂ眷 4 
7 ꀨ眷 2 
8 ⪭☽ 8 

 

篍罄劫⿁╈⪦ꈶ㲋⭴곽⽏擻顏65熨╚金╙ꁣ眷յꀂ眷յꀪ眷յꂍ眷յ戇憯眷յꁂ眷

⽰ꀨ眷璡ն⺨⴬⺭擻氳⮇䄭㞝㎂1䢦鲨ն篍罄陣篱㲋䓪篾冽鈷辑2ն 

辑 2. 篍罄곽⽏擻顏㲋䓪篾冽 

No. 
┉簟⟊槴休ꠑ 

(min) 

◅簟⟊槴休ꠑ 

(min) 
╈乄⺳燢 CAS ⺙ 塜注⛎ ⹛注⛎ 

1 4.70  1.98  ◅漰⴬澠 75-15-0 710 894 

2 5.40  0.94  ▁ꁂ 64-19-7 931 934 

3 11.10  2.36  3-砒ꂍ 498-60-2 903 916 

4 12.30  2.10  2-⼕モ榻ꁣ 98-00-0 840 848 

5 17.60  3.10  葋榻肖 100-47-0 810 903 
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6 18.20  3.32  葋ꀂ 108-95-2 865 903 

7 18.50  1.72  䄕ꁂ 142-62-1 631 843 

8 19.80  2.96  3-榻㓹-1,2-朅䡏◅ꀨ 765-70-8 854 867 

9 21.00  2.44  蒟 95-13-6 666 862 

10 21.70  2.42  2-榻㓹-葋ꀂ 95-48-7 890 890 

11 21.80  3.06  葋▁ꀨ 98-86-2 794 889 

12 22.70  1.72  塜鰨ꁣ 111-87-5 674 870 

13 22.80  2.44  㵒榻㓹葋ꀂ 106-44-5 895 903 

14 23.00  2.80  2-榻姍㓹-葋ꀂ 95-05-1 880 912 

15 23.80  1.74  㚗ꂍ 124-19-6 885 886 

16 24.00  2.54  2,6-◅榻㓹-葋ꀂ 576-26-1 790 837 

17 25.50  3.02  1,2-◅榻姍㓹-葋 91-16-7 622 834 

18 25.70  2.46  2-▁㓹-葋ꀂ 90-00-6 791 827 

19 25.90  3.42  2,4-◅榻㓹-葋ꀂ 105-67-9 863 866 

20 26.00  2.94  氣ꁣ 112-30-1 687 838 

21 26.90  3.44  2,5-◅榻㓹-葋ꀂ 95-87-4 859 859 

22 27.20  2.70  鰨ꁂ 124-07-2 625 823 

23 27.20  3.92  榔蘁朅 275-51-4 894 911 

24 27.30  2.68  2-榻姍㓹-5-榻㓹葋ꀂ 1195-09-1 841 879 

25 27.50  2.62  2,3-◅榻㓹葋ꀂ 526-75-0 836 866 

26 27.60  3.68  䙛⮡儒ꀂ 93-51-6 890 890 

27 28.20  2.60  3,4-◅榻㓹-葋ꀂ 95-65-8 815 839 

28 28.50  2.50  2,4,5-└榻㓹-葋ꀂ 496-78-6 780 805 

29 28.70  2.18  ⶇ◅戇 112-40-3 635 885 

30 29.70  2.46  2-▁㓹-5-榻㓹-葋ꀂ 1687-61-2 743 876 

31 29.70  2.68  2,3,5-└榻㓹-葋ꀂ 697-82-5 764 825 

32 30.50  2.94  ⶇ┉ꁣ 112-42-5 724 815 

33 31.40  2.58  3,4,5-└榻㓹-葋ꀂ 527-54-8 784 843 

34 31.40  2.74  㚗ꁂ 112-05-0 645 805 

35 32.00  2.60  榻㓹翊听ꀂ 140-67-0 792 896 

36 32.50  2.86  1 -榻㓹-蚵 91-57-6 805 859 

37 32.60  2.76  ⶇ┉ꂍ 112-44-7 844 965 

38 32.80  3.24  1,2,3-└榻姍㓹葋 634-34-6 681 859 

39 33.00  2.24  ⶇ└戇 629-50-5 641 856 

40 34.10  4.86  1,2-葋◅榻ꂍ 643-79-8 677 823 

41 35.00  2.66  ┊꺜ꀂ 97-53-0 861 908 

42 35.60  2.54  2-榻姍㓹-4-┮㓹-葋ꀂ 2785-87-7 812 856 

43 36.40  3.98  꺜⪥碜 121-33-5 638 829 

44 37.10  2.26  ⶇ㍌戇 629-59-4 866 902 

45 38.70  3.60  纭䌈葋 259-79-0 645 854 

46 38.80  2.94  2-榻姍㓹-4-1-┮懹㓹-葋ꀂ 97-54-1 894 934 
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47 40.90  2.32  ⶇ◑戇 629-62-9 812 918 

48 42.90  4.60  黨葋◅榻ꁂ◅▁ꀪ 84-66-2 836 874 

49 44.60  2.36  ⶇ⪠戇 544-76-3 891 896 

50 47.80  1.86  2-ⶇ◅ꂍ 6175-49-1 784 843 

51 48.10  2.40  ⶇ┍戇 629-78-7 841 869 

52 51.40  2.90  ⶇ◅ꂍ 112-54-9 842 888 

53 51.90  1.90  ⶇ⪚戇 593-45-3 728 867 

54 52.50  4.10  1,2-葋◅榻ꁂ⹙2-榻㓹┮㓹ꀪ 84-69-5 793 892 

55 53.30  3.06  朅ⶇ◑ꁣ 4727-17-7 709 872 

56 54.80  1.48  ⶇ▆戇 629-92-5 803 884 

57 54.90  2.88  ⶇ⪠戇ꁂ榻ꀪ 112-39-0 748 843 

58 55.40  4.32  黨葋◅榻ꁂ◅┊ꀪ 84-74-2 876 923 

59 57.70  2.98  ⹛䌋-9-ⶇ⪚懹ꁣ 143-28-2 819 865 

60 58.00  1.54  ◅ⶇ戇 112-95-8 731 866 

61 59.80  2.98  ⶇ┍ꁣ 1454-85-9 708 837 

62 60.90  1.56  ◅ⶇ┉戇 629-94-7 741 850 

63 68.00  3.80  䄕◅ꁂ⹙2-▁㓹䄕㓹ꀪ 103-23-1 801 867 

64 73.10  6.10  黨葋◅榻ꁂ◅2-▁㓹䄕㓹ꀪ 117-81-7 743 832 

65 79.90  4.04  鉉됍戇 111-01-3 782 838 

 

3篾阷 
㹢孅㍌冓儼妰顏纭榫♙ GCMS-QP2020 氳냖鵮䣴䬞䫝⯆䤗儛 ASSP 耇㛫䬠❠냖鱳 20000 

u/sec 氳䣴䬞鵮䈲⽰僄냖 100Hz 氳ꃾ劫겐曎⟊阾▽噪◅簟荈隮╈㳑䈲䏭狸氳荈隮㼉氳僗䷞

ꃾ꥘┦㍌冓儼顏隮压孾ꃾ꥘䐂⮽氳顏隮㎂┚剝固顏隮㎂僗催㞑氳ⵯ鿥䈲⟊阾▽㲋䓪

篾冽氳固漶䓪ն⮵榫 GC×GC-qMS ⮇冫篍罄劫⿁⺎♔ꈶ㲋⭴催㛢氳擻顏僗⮵◇催噪ꪫ㏐

ꈶ㲋篍罄氳곽⽏擻顏䡗⮇╙┘⺱◲㏐篍罄ꈶ⮷⽰䄄荔䷊鲽䬠❠❤䩺ն 
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└յ朅㗟疟 
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⪓◅簟妰注荈隮顏隮纭榫嫏㲋䓪瓇刧朅㗟姢╈僗儬娤刌擻 

䰕 金䋧环▽㹢孅 GC×GC-qMS 㲋䓪瓇刧朅㗟姢╈僗儬娤刌擻氳⮇冫亡嫏䇜㵒切朅㗟姢

劫⹖⪭塑剝鲽车▽⮇冫䐂⮽▽⪭噪◅簟鯺䊑㎂ն⮇冫篾冽辑伺GC×GC-qMS 僗냖㼉

㳋ꄈյ냖愓䷨䈲յ냖⮇鱂曎璡攑憠耇㛫㵨朅㗟⛮硍╈氳櫋ꄈ僗儬娤刌擻┚㓹顏⮇熊ն 
⪩꜄陊噪◅簟妰注荈隮顏隮纭榫嫏 朅㗟姢 㲋䓪⮇冫 

 

䩺簊阞循几眷氳榟◲⽰榟孨孨ⲁ╈䄖◲榟丘ⶉ熨⴬㰣娤刌擻榺塝㵗舚朅㗟娤刌ն

鲤䇗全┉◙亍㑔氳僗儬娤刌擻鵄峀䌖颯几♜氳⪩嫱ն鲹◙亍㑔僗儬娤刌擻ⴎ䦮┉波✳榫⛙

儔䌖颯⪩嫱氳⴬⺭擻㞝瀠ꁂꀪꡢ措⯘յⶇ巑纭葋▁戇█ⴎ䦮僗儬擻篺鲋┉夀朅㗟ⷧ爊縡

䎬䡗氳꡹鉯䡝创隟◲擻㞝紦㓹⴬㛢巑纭葋ꂊն榺◇娤刌擻氳宆䈲鰏⛦朅㗟⛮硍氳㓹顏⹒

䏭㛄儷㍕塝✳榫⚩簊妰顏纭榫♙循噪䣴䬞嘗䌋┖䏭ꥈ㵨櫋ꄈ氳僗儬娤刌擻☳㛄儷氳劫⿁

㓹顏╈ꈶ㲋⭴ն 

噪◅簟妰注荈隮GC×GC佭㵨⮇熊儬杼┘⺱縡⹒注◎释环氳┼劯荈隮刼♔╏纭氳亡

䌋篾⺭䡗◅簟妰注荈隮僗냖㼉㳋ꄈյ냖愓䷨䈲յ냖⮇鱂曎璡攑憠ն噪◅簟妰注荈隮耇

㛫㵨朅㗟⛮硍╈氳櫋ꄈ僗儬娤刌擻┚㓹顏⮇熊篾⺭顏隮耇㛫舅ⲁ陃⮷㲋䓪㍕塝

GC×GC-qMS 佭溿狓櫋ꄈ娤刌擻氳僗ⱱ䄄ն 

儗乄ꃾ榫㹢孅噪◅簟妰注荈隮顏隮纭榫硍簊GC×GC-qMS⮇冫切㏐辑姢⹖⪭塑剝劫

⿁ն⮇冫篾冽辑伺GC×GC-qMS ⮇冫篾冽䬠❠▽奃┉簟 GCMS 催㛢氳⟔䕜ꄈ┘⛙⺎♔

⹛何姢⛮氳娤刌姢䇖縡┦⺎♔☳╈⹠朆亍㑔氳朅㗟娤刌擻ն 

 

1. 㲓뀰鼨⮇ 
1.1 ♙ 

噪◅簟妰注荈隮顏隮纭榫♙(GC×GC-qMS) 

1.2 ⮇冫兣♭ 

1.2.1 荈隮兣♭ 

荈隮刼1Rxi-5Sil MS 

(30 m × 0.25 mm×0.25 µm) 

荈隮刼2BPX-5 

(2.5 m × 0.1 mm ×0.1 µm) 

刼裹爊䈌60˳(2 min)_3˳/min_320˳     (15 

min) 

鰉妰냖篚始妰 

鰉妰䫝⯆亡䌋䔩始 330 kPa 

鲽劫⹾裹䈲250˳ 

隀⯆⼽僿5 sec 

鲽劫亡䌋┘⮇孲鲽劫1 min 

鲽劫ꄈ1 μL 

1.2.2 顏隮兣♭ 

熊查⴬亡䌋EI 

熊查嶏裹䈲230˳ 

荈隮-顏隮䫙⹾裹䈲280˳ 

巖⯘滑鳁休ꠑ10 min 
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ꃾ꥘亡䌋scan 

顏ꄈ葶㍴50~450 amu 

䣴䬞鵮䈲20000 amu/Sec 

1.3 劫⿁⯆㚷 

⹧500 mL㏐辑姢劫⿁鵠鲋C18㍾注蚃⹧㵸刼㳫꥘◅姚榻戇嬲聰䇜宆籔舘0.5 mL┕

儬⮇冫ն 

2篾冽阥阷 
2.1 切㏐辑姢氳⮇冫篾冽 

ꃾ榫 GC×GC-qMS 㵒院姢劫鲽车⮇冫䐂⮽氳噪◅簟鯺䊑㎂㞝㎂ 1 䢦鲨ն⪭╈嘦㏿

剝╙瑭┉劯荈隮刼┕氳⟊槴休ꠑ篠㏿剝╙瑭◅劯荈隮刼┕氳⟊槴休ꠑն 

篾⺭ Nist11 隮䈑鲽车压碠㲋䓪⭴院㏐辑姢氳╚金娤刌擻╙䄄┯⴬㰣⿁նꢝ塝╯㛚

蕇擻յ羑㍾ꁣ⹖⪭꡹鉯◲擻█僗压⭴ն注㵒䅻鈺 GCMSGC×GC-qMS 䬠❠▽⟔䕜ꄈ催㛢

氳◅簟㎂⥽⟔䕜⮵榫⪭䋧环朅㗟姢劫氳䧗篤㎂隮⺎⹛何姢⛮娤刌氳丞⛮敯⬅ն 

㎂ 1. 切㏐辑姢氳◅簟鯺䊑㎂  

◅
簟

⟊
槴

休
ꠑ

(s
ec

) 
◅

簟
⟊

槴
休

ꠑ
(s

ec
) 

 

┉簟⟊槴休ꠑ(min) 

┉簟⟊槴休ꠑ(min) 

㎂ 2. 鼨⮇䷒㛻氳隮㎂ 
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2.2 切㏐辑姢ⱶ剝氳⮇冫篾冽 

䏢院㏐辑姢╈塑⪍┉㲋ꄈ㛢朅菑憯յ僗儬姚⫡蕇⽰㛢姚纭葋氳岝⺭剝固巖尔塑剝宆䈲

50 ng/Lն⹇拨亡嫏 1.3 氳塠끈鲽车㚲杼僄⺵䐂⮽ GC×GC ◅簟鯺䊑㎂㞝㎂ 3 䢦鲨ն⪭╈

篍荈 Blob ╙㛢朅菑憯յ랋荈 Blob ╙僗儬姚⫡蕇յ簪荈 Blob ╙㛢姚纭葋ն 

 

㎂ 3. ㏐辑姢塑剝氳◅簟鯺䊑㎂ 

 

   ㎂ 4. ㏐辑姢塑剝氳└簟荈隮㎂ 

◅
簟

⟊
槴

休
ꠑ

(s
ec

) 

1 

2 

3 
4 

5 

7 

6
6

8
6

9
6

10
6

11 
12 

┉簟⟊槴休ꠑ(min) 
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辑 1. 篯⮇⺳燢⹖ CAS ⺙ 

No. ╈乄⺳燢 葏乄⺳燢 CAS ⺙ 

1 α-⪠⪠⪠ α-BHC 319-84-6 

2 2,3-◅姚纭葋 2,3-Dichlorobiphenyl 16605-91-7 

3 β-⪠⪠⪠ β-BHC 319-85-7 

4 瀠ꁂ└(2-姚▁㓹)ꀪ Tri(2-chloroethyl) phosphate 115-96-8 

5 ꡦ攑䥽孅 Atrazine 1912-24-9 

6 γ-⪠⪠⪠ γ-BHC 58-89-9 

7 δ-⪠⪠⪠ δ-BHC 319-86-8 

8 虜 Phenanthrene 85-01-8 

9 蠤 Anthracene 120-12-7 

10 瀠ꁂ└(1-姚-2-┮㓹)ꀪ Tris(2-chloroisopropyl)phosphate 13674-84-5 

11 2,2,5-└姚纭葋 2,2',5-Trichlorobiphenyl 37680-65-2 

12 2,3,5-└姚纭葋 2,3',5-Trichlorobiphenyl 38444-81-4 

 

3篾阷 
榺◇朅㗟☮顏氳篯䡗僗㛢劫䓪⽰㛄儷䓪㵒固漶㲋䓪㲋ꄈ⮇冫⪭╈氳櫋ꄈ娤刌擻䅠全

▽䏭㛻氳䧪䡟ն縡㹢孅GC×GC-qMS僗⶛飉氳⮇熊耇ⱱ⽰愓䷨䈲耇㛫㵨櫋ꄈ氳僗儬娤刌

擻┚㓹顏⮇熊循亍㑔娤刌擻瓇刧㲋䓪璡亡ꪫ僗䇯꠱氳䈒榫⯥俍ն 
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⪓◅簟妰顏纭榫嫏㲋䓪⮇冫PM2.5겖睧擻╈僗儬娤刌擻 

䰕 金儗乄ꃾ榫噪◅簟妰注荈隮顏隮纭榫嫏(GC×GC-qMS)㵒 PM2.5 겖睧擻氳僗儬娤刌擻

鲽车▽㲋䓪⮇冫ն篾冽辑伺噪◅簟妰注荈隮耇㛫㵨┉簟ꄆ氳戇憯յ懹憯⽰㛢朅菑憯眷⴬

⺭擻循◅簟⮇熊篾⺭㹢孅 GCMS-QP2010 Ultra ㍌冓儼妰顏纭榫♙氳 ASSP 냖鵮䣴䬞䤗儛

耇㛫䬠❠固漶氳㲋䓪⮇冫篾冽ն 

⪩꜄陊噪◅簟妰注荈隮顏隮纭榫嫏 PM2.5 㛻妰篱겖睧擻 

 

PM2.5⹒燢㛻妰篱겖睧擻佭㵒狝妰╈波䏧㵸◇䡝璡◇ 2.5 䐭眦氳㍾⛮겖睧擻氳䔅燢ն

PM2.5 겖睧氳波䏧⺆僗㜍⹠氳 1/10⺎逈⻹⪍几⛮⺵⚢波䫙鲽⪍鼨䇜鵠鲋妰轑◬䩦鲽

⪍轑留ն 

PM2.5 겖睧擻僗鰏䍠氳⻹ꡭ⛼榫⪭╈⻡僗㛢熨僗夽僗㲺氳⴬㰣䡗⮇䡗⮇㛄儷㍕

塝PM2.5 겖睧擻⚢㵒㛻妰朅㗟鵲䡗┘荂䏆⿏䇜⷇⹖几⛮⢹䉔ն 

噪◅簟妰注荈隮(GC×GC)佭㵨┼劯荈隮刼♔╏纭氳亡䌋篾⺭䡗◅簟妰注荈隮瑭┉

劯刼⮇熊⺵氳篯⮇篺隀⯆纺扦⺵♔耞⫿亡䌋鲽⪍瑭劯◅刼╈鲽车⮇熊ն┚┉簟 GC 注奃

GC×GC 僗⮇鱂曎냖յ㼉㳋ꄈ㛻յ愓䷨䈲냖յ⮇冫鵮䈲䒍յ仍⮇熊䷞䈒⽰椙撴䷞䈒璡⚝憠

㍕縡院亡嫏循㛄儷⛮硍氳⮇冫亡ꪫ僗⪭框亡嫏端嫏奃䦟氳⚝ⲡն 

儗乄ꃾ榫噪◅簟妰注荈隮顏隮纭榫嫏(GC×GC-qMS)㵒 PM2.5 겖睧擻氳僗儬娤刌擻鲽车

▽⮇冫篾冽辑伺┚⚩簊┉簟 GC 注奃GC×GC-qMS 佭⮇熊㛄儷岝⺭擻⽰⮇冫㛄儷㓹⛮

╈氳泘剝⴬⺭擻氳僗䷞䣆夀ն 

 

1. 㲓뀰鼨⮇ 
1.1 ♙ 

㹢孅噪◅簟妰注荈隮顏隮纭榫♙(GC×GC-qMS) 

1.2 ⮇冫兣♭ 

1.2.1 荈隮兣♭ 

荈隮刼1Rtx-130 m × 0.25 mm ×0.25 µm 

荈隮刼2BPX-502.5 m × 0.1 mm ×0.1 µm 

刼裹爊䈌60˳(3 min)_2˳/min_300˳(15min) 

鰉妰䫝⯆亡䌋䔩始刼始200 kPa 

鲽劫⹾裹䈲280˳ 

隀⯆⼽僿7 sec 

鲽劫亡䌋┘⮇孲鲽劫1 min 

鲽劫ꄈ1 μL 

1.2.2 顏隮兣♭ 

熊查⴬亡䌋EI 

熊查嶏裹䈲230˳ 

䫙⹾裹䈲280˳ 

ꃾ꥘亡䌋scan 
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顏ꄈ葶㍴55~365 amu ꃾ劫겐曎50 Hz 

1.3 劫⿁⯆㚷 

劫⿁ꃾ꥘◇切䄬䄄┯⵲ꃾ劫休ꠑ╙2012䇗12僖ն㵨ꃾ꥘▽PM2.5겖睧擻氳溍葏帱腑

糌◇100 mL꛻䎬椿╈塑⪍50 mL䬠⹧巖⯘┮ꀨ/塜䄕戇1:1⛮燠奃飃技蚃⹧30 min

⺵㵨蚃⹧巖⯘宆籔䇜姘⻻舘100 μLն鯸燰舘鲽劫㵸椿┕儬⮇冫ն 

 

2. 篾冽阥阷 
2.1 荈隮㎂ 

ꃾ榫 GC×GC-qMS 㵒 PM2.5 䬠⹧尔鲽车⮇冫䐂⮽氳◅簟鯺䊑㎂㞝㎂ 1 䢦鲨ն鵠鲋

GC Image 鯻♭㵒篾冽鲽车⮇冫⪦僗 3799 ╄㼉逈压⭴ն 

儗㲓뀰瑭┉簟ꃾ榫 Rtx-1(30 m × 0.25 mm ×0.25 µm)瑭◅簟ꃾ榫 BPX-502.5 m × 

0.1 mm ×0.1 µm氳刼硍簊耇㛫㵨⺨篯⮇䧝拨媦憠⽰冓䓪塜◬⮇熊⮇熊䈲㛻㛻䬠냖

㞝㎂ 2ն 

 
  

㎂ 1. PM2.5 겖睧擻氳◅簟鯺䊑㎂ 

 

㎂ 2. PM2.5 겖睧擻氳└簟荈隮㎂ 

◅
簟

⟊
槴

休
ꠑ

(s
ec

) 

5,6-葋䇜ㅄゎ 蠤 
虜 

黨葋◅榻ꁂ◅┊ꀪ 

9,10-◅藏⺿ニ 
ⶇ◑戇ꁂ 

2-ⶇ⪚戇ꀨ 

⺿ニ 

ⶇ⪚戇ꁂ 

虜ニ 
1,8-蚵鿫 

瀠ꁂ└(1-姚-2 ┮㓹)ꀪ 

┉簟⟊槴休ꠑ(min) 
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2.2 隮䈑压碠篾冽 

縓诿⮽ PM2.5 ◲榟氳全嶏╚金佭仼䅻⹠榾յ䄄┯榟◲յ婎鯲㶾妰䪷䷒璡鲋爊╈篺鲋

措懱縡䪷䷒氳墧槴擻㍕塝儗㲓뀰╚金縓㴕 PM2.5 겖睧擻╈氳戇憯յ懹憯յ㛢朅菑憯眷

⴬⺭擻ն 

戇憯⽰懹憯眷⴬⺭擻氳冓䓪鰏⛦循瑭◅簟荈隮刼┕鰏企孲⭴ն㛢朅菑憯眷⴬⺭擻瑭◅

簟⟊槴休ꠑ┚⪭爳朅丘䡗塜奃循瑭◅劯荈隮刼┕鰏侪孲⭴䇜┚戇憯⽰懹憯眷⴬⺭擻⮇熊ն 

篾⺭ NIST11 剝固顏隮䈑ꃾ榫 GC Image 鯻♭简鲨注䈒⴬⺭擻氳顏ꄈ荈隮㎂⺨眷⴬

⺭擻氳⮇䄭㞝㎂ 2~㎂ 5 䢦鲨ն 
辑 1. GC×GC-qMS 㵒 PM2.5 劫⿁氳⮇冫篾冽 

No. 眷㑔 㲋䓪⭴氳篯⮇丘 

1 戇憯 375 

2 懹憯յ朅戇憯 210 

3 㛢朅菑憯 101 

4 姍⴬㛢朅菑憯 55 

5 儷朅⴬⺭擻 41 

 

 
 

㎂ 3. 戇憯յ懹憯眷⴬⺭擻氳⮇䄭 

◅
簟

⟊
槴

休
ꠑ

(s
ec

)

┉簟⟊槴休ꠑ(min) 
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㎂ 4. 㛢朅菑憯眷⴬⺭擻氳⮇䄭篍荈 blob ╙泘剝⴬⺭擻氳㼉┖⺱ 

 
 

㎂ 5. 姍⴬㛢朅菑憯眷⴬⺭擻氳⮇䄭 

 

3篾阷 
PM2.5 겖睧擻㓹顏㛄儷䢦⻡僗氳⴬⺭擻熨眷竴㛢ꃾ榫䅻鈺氳 GCMS 全⮇冫㳋佄

㵗舚荈隮㼉ꄆ鼨⮇⴬⺭擻┘耇固漶㲋䓪㲋ꄈն縡 GC×GC-qMS 僗냖愓䷨䈲յ냖⮇

鱂曎յ냖㼉㳋ꄈ璡攑憠循 PM2.5 겖睧擻䡗⮇⮇冫⽰䎬䡗儬杼氳溿狓┕僗䏭㛻氳⚝ⲡն 
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⟊
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簟
⟊
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┉簟⟊槴休ꠑ(min) 

┉簟⟊槴休ꠑ(min) 
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㍌յ꺜瞿꺜乢疟 
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⪓◅簟妰注荈隮顏隮纭榫嫏榫◇榚噸꺜瞿⴬㰣篯⮇⮇冫 

䰕 金儗乄ꃾ榫噪◅簟妰注荈隮顏隮纭榫嫏(GC×GC-qMS)㵒┉熨㎁◲榚噸꺜瞿鲽车㲋䓪⮇

冫⪦ꈶ㲋⭴顏隮注⛎䈲⽰⹛⺸压碠注⛎䈲⮇⮷㛻◇ 800 ⽰ 900 氳⴬⺭擻 105 熨ն篾冽辑

伺噪◅簟妰注荈隮鰏䅻鈺妰注荈隮僗催㛻氳㼉㳋ꄈյ催냖氳⮇鱂曎⽰愓䷨䈲篾⺭㹢孅

GCMS-QP2010 Ultra ㍌冓儼妰顏纭榫♙氳 ASSP 냖鵮䣴䬞䤗儛耇㛫╙㛄儷劫⿁氳孾㲋䬠❠

固漶氳⮇冫篾冽ն 
⪩꜄陊噪◅簟妰注荈隮顏隮纭榫嫏 榚噸꺜瞿 㲋䓪⮇冫 

 

꺜乢佭☳䅠꺜擻顏╈䬠⹧䡝♔几䄄⺭䡗嫏䐂⮽氳舚꺜擻顏氳䔅燢鵠䅻劯䩺꺜乢氳全

嶏⺎㵨⪭⮇╙㛿抆꺜乢⽰⺭䡗꺜乢┼眷ն㛿抆꺜乢佭☳⺨熨㛿抆吤擻氳菋յ冽յ蒏յ劯յ

汷䡝ⲁ擻氳⮇蛋擻╈䬠⹧⭴全氳舚꺜擻顏ն泘⯥䄖湳㛿抆꺜乢 3000 㛢熨⺭䡗꺜乢 7000

㛢熨ն縡꺜瞿⮟佭㵨㛢熨꺜乢䧝拨┉㲋氳奃❇⽰䄄荔篺几䄄隀鿥縡䐂⮽氳僗┉㲋꺜㑔氳

꺜乢岝⺭擻ն꺜瞿꺜乢氳熨眷յ䡗⮇冓╙㛄儷ꃾ榫┉簟妰注荈隮䤗儛㵒⪭⮇冫僗┉㲋氳㍮

ꥈն 

噪◅簟妰注荈隮GC×GC佭 20 ┪篕 90 䇗创⹠㷤颯全氳┉熨⮇熊㛄儷岝⺭擻氳噪亍

䣆夀框䤧⮇熊儬杼┘⺱縡⹒注◎释环氳┼劯荈隮刼鵠鲋隀⯆䡝燢隀⯆鉯隀♔╏纭

亡䌋鳀䫙循┉颯氳◅簟妰注荈隮刼硍簊ն噪◅簟妰注荈隮奃俋鵠┉簟妰注荈隮僗⮇鱂曎催

냖յ㼉㳋ꄈ㛻յ愓䷨䈲㞑յ⮇冫鵮䈲䒍璡⚝憠ն泘⯥噪◅簟妰注荈隮䄖循괐⿁յ溍⴬◲⿁յ

꺜瞿յ朅㗟溿狓璡㛢╄겅㓊䐂⮽䈒榫ն 

儗㲓뀰㵨噪◅簟妰注荈隮顏隮纭榫嫏(GC×GC-qMS)䈒榫◇꺜瞿䡗⮇氳⮇冫ն篾冽辑伺

GC×GC-qMS ╙꺜瞿䡗⮇氳⮇冫䬠❠▽䏭㞑氳䣆夀鲹㵒◇亍㑔꺜⽏擻顏氳䋯⹠յ꺜瞿◲

⿁氳㱧噪䈒榫♔⹖꺜瞿꺜乢氳⿁顏䫝⯆璡㏰僗ꄆ金氳䧗㵗䙬╬ն 

 

1. 㲓뀰鼨⮇ 
1.1 ♙ 

㹢孅噪◅簟妰注荈隮顏隮纭榫♙(GC×GC-qMS) 

1.2 ⮇冫兣♭ 

1.2.1 荈隮兣♭ 

荈隮刼1InertCap Pure Wax 

(30 m×0.25 mm×0.25 µm) 

荈隮刼2BPX-1  

(2.5 m× 0.1 mm×0.1 µm) 

刼裹爊䈌40˳(2 min)_2˳/min_240˳     (20 

min) 

鰉妰He 

鰉妰䫝⯆亡䌋䔩始 200 kPa 

鲽劫⹾裹䈲220˳ 

隀⯆⼽僿6 sec            
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鲽劫ꄈ1 μL 

鲽劫亡䌋⮇孲鲽劫        

⮇孲奃50:1 

1.2.2 顏隮兣♭ 

熊查⴬亡䌋EI 

熊查嶏裹䈲200˳      

䫙⹾裹䈲230˳ 

巖⯘滑鳁休ꠑ2 min    

ꃾ劫겐曎50 Hz 

ꃾ꥘亡䌋scan 

顏ꄈ葶㍴29~323 amu

1.3 劫⿁⯆㚷 

⹧榚噸꺜瞿劫⿁波䫙鲽劫ն 

 

2篾冽阥阷 
2.1 榚噸꺜瞿荈隮㎂ 

䏆⿏噪◅簟荈隮⮇熊氳㍕碜╚金僗裹䈲յ篪鵮䈲յ㍾㲋注⽰刼⹇丘ն鵠䅻噪◅簟荈隮

刼䢦榫氳刼硍簊佭♔鰏Ꝛ氳䡝縖尔腑鰏⸂氳ꪝ冓䓪刼⛼╙瑭┉刼篯⮇䧝媦憠냖⛦鲽车⮇

熊♔鰏湿氳䡝縖尔腑鰏訅氳╈璡冓䓪䡝冓䓪刼⛼╙瑭◅刼篯⮇䧝㲇耇㍙䓪顏鲽车⮇熊

篾⺭爊䈌ⶍ裹⺎♔㲓朆塜◬⮇熊ն⛙縓诿⮽꺜瞿╈㛻鼨⮇篯⮇╙冓䓪⴬⺭擻╙▽藜䐂㵒

⶝╄⴬⺭擻催㞑氳⮇熊㲓뀰█縓㴕⺁┉㝄刼硍簊ⷊ♔鰏Ꝛ氳冓䓪刼⛼╙瑭┉刼鰏湿氳

ꪝ冓䓪刼⛼╙瑭◅刼ն鵠鲋奃鰏循瑭◅㝄刼硍簊┖꺜瞿⺨篯⮇催㞑㏐⮇䄭◇ GC×GC 隮

㎂氳◅簟狝ꠑ縡┦催㛢氳篯⮇逈ꈶ㲋⭴全⺨篯⮇氳㼉䎬█催㵒燢ն㍕塝儗㲓뀰鴲䦫▽

瑭◅㝄刼硍簊榫◇榚噸꺜瞿氳⮇冫ն 

循┕鳮兣♭┖䐂⮽榚噸꺜瞿氳 GC×GC 氳◅簟鯺䊑㎂㞝㎂ 1 䢦鲨ն⪭循 50~58 ⮇ꙵ氳

└簟鯺䊑㎂㞝㎂ 2 䢦鲨ն 
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㎂ 1. 榚噸꺜瞿氳◅簟鯺䊑㎂ 

 

㎂ 2. 榚噸꺜瞿氳└簟荈隮㎂ 

2.2 㲋䓪压碠篾冽 

䐂⮽氳 GC×GC 丘䩺篺 ZOEX ⪝⺚氳 GC image 鯻♭㚲杼舅ⲁ燠⮇⺵⮵榫 NIST 剝

固隮㎂䈑㵒⺨荈隮㼉鲽车舅ⲁ压碠压碠篾冽舅ⲁ榟䡗㼉辑ն劯䩺乄昦䥊鷺塜⺸压碠

注⛎䈲⽰⹛⺸压碠注⛎䈲⮇⮷㛻◇ 800 ⽰ 900 休辑伺⴬⺭擻氳顏隮僗鰏냖氳ⵯ鿥䈲ն

鵠鲋压碠篾冽鲽车几䄄劭㵒䇜篾⺭榚噸꺜瞿氳꺜⽏⴬㰣湳陃僄⺵⪦ꈶ㲋⭴注⛎䈲⽰⹛⺸

压碠注⛎䈲⮇⮷㛻◇ 800 ⽰ 900 氳⴬⺭擻 105 熨⪭⮇眷鈷辑 1⴬⺭擻陣篱篾冽鈷辑 2ն  
辑 1. GC×GC-qMS 㵒噸媧꺜瞿氳⮇冫篾冽 

No. ⴬⺭擻⮇眷 㲋䓪篯⮇丘 

1 憯眷 8 

2 ꁣ眷 31 

3 ꀪ眷 20 

4 ꂍ眷 22 

◅
簟

⟊
槴

休
ꠑ

(S
ec

) 

┉簟⟊槴休ꠑ(min) 

┉簟⟊槴休ꠑ(min) 



 

39 
 

5 ꀨ眷 18 

6 ꁂ眷 6 

 

辑 2. 榚噸꺜瞿㲋䓪篾冽 

㼉⺙ ⟊槴休ꠑ ╈乄⺳燢 葏乄⺳燢 ⮇查䌋 注⛎䈲 ⹛注⛎䈲 CAS ⺙ 

1 7.63 ▁ꁂ▁ꀪ Ethyl actate C4H8O2 950 954 141-78-6 

2 8.23 㚗戇 Nonane C9H20 972 973 111-84-2 

3 23.90 D-删圉懹 D-limonene C10H16 977 978 5898-27-5 

4 28.17 鰨ꂍ Octanal C8H16O 983 983 124-13-0 

5 43.63 姍⴬删圉懹 Limonene C10H16O 979 981 1195-92-2 

6 43.77 螇ꂍ Decanal C10H20O 963 973 112-31-2 

7 43.97 α-螷懹 Copaene C15H24 970 973 3856-25-5 

8 45.30 䋳蠉Ⲿꁣ Isopulegol C10H18O 927 943 89-79-2 

9 45.90 ▁ꁂ菑嘔ꀪ Linalyl acetate C12H20O2 965 965 115-95-7 

10 48.17 β-哱꺜懹 Bata-Elemene C15H24 972 975 515-13-9 

11 48.50 걹䌋◅藏꺜菞ꁣ Dihydrocarvone C10H16O 975 975 7764-50-3 

12 49.77 β-册媧ꁣ β-Teprineol C10H18O 964 973 138-87-4 

13 50.77 2-ⶇ◅懹ꂍ 2-Dodecanal C12H22O 923 929 4826-62-4 

14 51.30 β-柏冷懹 β-Selinene C15H24 949 954 17066-67-

15 52.90 删圉ꂍ β-Citral C10H16O 913 914 106-26-3 

16 55.43 ⶇ◅ꂍ Dodecanal C12H24O 988 989 112-54-9 

17 56.57 䄘⚰重◘噵懹 Valencenel C15H24 970 977 4630-07-3 

18 63.37 L-꺜菞ꁣ Carveol C10H16O 940 940 99-48-9 

19 79.57 մ-奅噸葸ꁣ մ-Cadinol C15H26O 908 938 481-34-5 

20 93.63 꺜分ꀨ Nootkatone C15H22O 955 986 4674-50-4 

㚷嫱㍕疟䆋䢦꡿☢⮜⭴ 20 熨⴬⺭擻 

 

3篾阷 
┚䅻鈺妰注荈隮注奃噪◅簟荈隮僗⮇鱂曎냖յ㼉㳋ꄈ㛻յ愓䷨䈲냖յ⮇冫鵮䈲䒍յ

仍⮇熊䷞䈒⽰椙撴䷞䈒璡⚝憠ն⮵榫GC×GC-qMS⮇冫꺜瞿⺎♔ꈶ㲋⭴催㛢氳擻顏僗⮵◇

催噪ꪫ㏐阡陃꺜瞿氳⴬㰣䡗⮇催固漶㏐阡陃꺜瞿氳篯䡗┚Ⱶ耇╯ꠑ氳⪩硍╙㘍䍠塑꺜鿥

亡溿狓氳熭㰣䓪յ䬠냖隀꺜䄄⛼氳䷞曎䬠❠僗ⱱ氳䶺䧏ն 
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⪓◅簟妰注荈隮顏隮纭榫嫏榫◇碭萁⺗䨅⹠媧╈䡗⮇⮇冫 

䰕 金碭萁⺗䨅⹠媧佭☳㛿抆碭萁㷯吤擻氳⺗查╈䬠⹧氳䨅⹠媧㷯◇┉熨㛿抆䬠⹧擻

佭┉熨꺜乢⺱休█僗┉㲋氳蕇榫♯⡬ն儗乄ꃾ榫噪◅簟妰注荈隮顏隮纭榫嫏(GC×GC-qMS)

㵒䄬顔氳┉熨碭萁⺗䨅⹠媧鲽车㲋䓪⮇冫⪦ꈶ㲋⭴顏隮注⛎䈲⽰⹛⺸压碠注⛎䈲⮇⮷㛻◇

800 ⽰ 900 氳⴬⺭擻 165 熨ն篾冽辑伺噪◅簟妰注荈隮鰏䅻鈺妰注荈隮僗催㛻氳㼉㳋

ꄈյ催䍠氳⮇熊耇ⱱ⽰냖愓䷨䈲篾⺭㹢孅 GCMS-QP2010 Ultra ㍌冓儼妰顏纭榫♙氳 ASSP

냖鵮䣴䬞䤗儛耇㛫╙㛿抆䬠⹧擻璡㛄儷劫⿁氳孾㲋䬠❠固漶氳⮇冫篾冽ն 
⪩꜄陊噪◅簟妰注荈隮顏隮纭榫嫏 碭萁⺗媧 ⴬㰣篯䡗 㲋䓪⮇冫 

 

碭萁⺗╙〢䎬熭碭萁㷯吤擻碭萁 Perilla frutescensL.Brit 氳䇕适⺗佭┉熨䅻榫氳

鰨裹鉯辑蕇僗鉯辑丆㳸յ车妰⽰羋璡Ⱶ䷞榫◇媪橚곽㳸䚊⫕յ⾬㇂⼢䕥յ㞭㤤⼢⺷յ

돡軅╈夽璡檯ն碭萁⺗╈⻡僗╋㳫氳䨅⹠媧┘☢僗蕇榫♯⡬縡┦⺎♔⛼╙꺜乢塑⮽

괐⿁յ懢蔈յ⴬㞧⿁╈ն碭萁⺗䨅⹠媧䡗⮇┉芘ꃾ榫妰注荈隮-顏隮GC-MS嫏⛙榺◇

碭萁⺗䨅⹠媧佭┉╄㛄儷氳⮇冫⛮硍⪭╈䓪顏注⛎氳篯⮇⟊槴休ꠑ鰏鲤荈隮ꄆ┽ꄆ

循荈隮㼉氳陃⮷⽰㲋ꄈ┕䅻⚢鷕⮽鰏㛻㍮ꥈն 

噪◅簟妰注荈隮GC×GC佭 20 ┪篕 90 䇗创⹠㷤颯全氳┉熨⮇熊㛄儷岝⺭擻氳噪亍

䣆夀框䤧⮇熊儬杼┘⺱縡⹒注◎释环氳┼劯荈隮刼鵠鲋隀⯆䡝燢隀⯆鉯隀♔╏纭

亡䌋鳀䫙循┉颯氳◅簟妰注荈隮刼硍簊ն噪◅簟妰注荈隮奃俋鵠┉簟妰注荈隮僗⮇鱂曎催

냖յ㼉㳋ꄈ㛻յ愓䷨䈲㞑յ⮇冫鵮䈲䒍璡⚝憠ն泘⯥噪◅簟妰注荈隮䄖循괐⿁յ溍⴬◲⿁յ

꺜瞿յ朅㗟溿狓璡㛢╄겅㓊䐂⮽䈒榫ն 

儗㲓뀰㵨噪◅簟妰注荈隮顏隮纭榫嫏(GC×GC-qMS)䈒榫◇碭萁⺗䨅⹠媧䡗⮇氳⮇冫ն

篾冽辑伺GC×GC-qMS ╙碭萁⺗䨅⹠媧䡗⮇氳⮇冫䬠❠▽䏭㞑氳䣆夀鲹㵒◇碭萁⺗䨅

⹠媧氳蕇榫䡗⮇⹖괐榫䡗⮇氳溿狓䬠❠同ꈶ⺱休█⺎♔㵒┘⺱◲㏐氳碭萁⺗䨅⹠媧鲽车⮇

眷ն 

 

1. 㲓뀰鼨⮇ 
1.1 ♙ 

㹢孅噪◅簟妰注荈隮顏隮纭榫♙(GC×GC-qMS) 

1.2 ⮇冫兣♭ 

GC兣♭ 

荈隮刼1InertCap Pure Wax 

(30 m × 0.25 mm ×0.25 µm) 

荈隮刼2BPX-1 

(2.5 m×0.1 mm× 0.1 µm) 

刼裹爊䈌40˳(2 min)_2˳/min_230˳     (23 

min) 

鰉妰He 

鰉妰䫝⯆亡䌋䔩始 200 kPa 
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鲽劫⹾裹䈲220˳ 

隀⯆⼽僿5 sec 

鲽劫亡䌋⮇孲鲽劫        

⮇孲奃50:1 

鲽劫ꄈ1 μL 

MS兣♭ 

熊查⴬亡䌋EI 

熊查嶏裹䈲200˳ 

荈隮-顏隮䫙⹾裹䈲230˳ 

巖⯘滑鳁休ꠑ3 min    

ꃾ꥘亡䌋scan 

顏ꄈ葶㍴31~325 amu  

ꃾ劫겐曎50 Hz

1.3 劫⿁⯆㚷 

燢⹧碭萁⺗䨅⹠媧 0.1 g榫▁ꁣ塜䄕戇=1:1 㲋㳋舘 10 mL ⺵岝ⴇ⮇冫ն 

 

2篾冽阥阷 
2.1 碭萁⺗䨅⹠媧荈隮㎂ 

ꃾ榫 GC×GC-qMS 㵒碭萁⺗䨅⹠媧鲽车⮇冫䐂⮽氳◅簟鯺䊑㎂㞝㎂ 1 䢦鲨ն鵠鲋 GC 

Image 鯻♭㵒篾冽鲽车⮇冫⪦僗 3000 㛢╄㼉逈压⭴ն 

 

㎂ 1. 碭萁⺗䨅⹠媧◅簟鯺䊑㎂ 

碭萁⺗䨅⹠媧佭┉╄㛄儷氳⮇冫⛮硍㞝冽✳榫䅻鈺 GCMS 㵒⪭䡗⮇㲋䓪休⚢✳䐂

僗◙⴬⺭擻逈䫡沲㞝㎂ 2 ┕╈ 4-榻㓹䡏ꁂⴎ邦循╚䡗⮇䡏㓹-2-⼕モ榻ꀨ╈⺱休㵒◇

篾冘注鲤氳⴬⺭擻㍕⭴㼉休ꠑ䫙鲤荈隮㼉ꄆ┽ꄆ端嫏固漶㲋䓪㎂ 2 ┖䢦鲨縡

⮵榫噪◅簟 GC×GC-qMS 氳냖⮇熊耇ⱱ✳䐂⺨╄⴬⺭擻逈㶽⺎耇⮇熊☳縡㲋䓪⭴全㵒

◇溿狓碭萁⺗䨅⹠媧氳Ⱶ耇䡗⮇催塑固漶ն 

◅
簟

⟊
槴

休
ꠑ

(s
ec

) 

┉簟⟊槴休ꠑ(min) 
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㎂ 2. 碭萁⺗䨅⹠媧└簟荈隮㎂ 

2.2 㲋䓪压碠篾冽 

䐂⮽氳 GC×GC 丘䩺篺 ZOEX ⪝⺚氳 GC image 鯻♭㚲杼舅ⲁ燠⮇⺵⮵榫 NIST 剝

固隮㎂䈑㵒⺨荈隮㼉鲽车舅ⲁ压碠压碠篾冽舅ⲁ榟䡗㼉辑ն劯䩺乄昦䥊鷺塜⺸压碠

注⛎䈲⽰⹛⺸压碠注⛎䈲⮇⮷㛻◇ 800 ⽰ 900 休辑伺⴬⺭擻氳顏隮僗鰏냖氳ⵯ鿥䈲ն

鵠鲋压碠篾冽鲽车几䄄劭㵒䇜篾⺭注⪩乄昦㵒碭萁⺗䨅⹠媧䡗⮇⮇冫氳䥊鷺僄⺵⪦ꈶ㲋

⭴注⛎䈲⽰⹛⺸压碠注⛎䈲⮇⮷㛻◇ 800 ⽰ 900 氳⴬⺭擻 165 熨⪭⮇眷鈷辑 1⴬⺭擻

陣篱篾冽鈷辑 2ն  

4-榻㓹䡏ꁂ 

䡏㓹-2-⼕モ榻ꀨ
碭萁ꀨ 

姢公ꁂ榻ꀪ 

䋳哱꺜耏碜 
䋳꺜剨懹姍⴬擻 

꺜菞ꂊ 

篱鰨耭 
諜莬ꂍ ヨ⺋懹姍⴬擻 

嫏㶻㓹┮ꀨ 

┊꺜鵠 

聰藏꺜觷ꀨ 
哱꺜ꁣ 
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辑 1. GC×GC-qMS 㵒碭萁⺗䨅⹠媧氳⮇冫篾冽 

No. ⴬⺭擻⮇眷 㲋䓪篯⮇丘 

1 ꁣ眷 25 

2 ꂊ眷 32 

3 懹眷 37 

4 ꀨ眷 29 

5 ⪭☽ 42 

辑 2. 碭萁⺗䨅⹠媧㲋䓪篾冽 

㼉⺙ ┉簟⟊槴休ꠑ ◅簟⟊槴休ꠑ ⴬⺭擻⺳燢 ⮇查䌋 注⛎䈲 ⹛注⛎䈲 CAS ⺙ 

1 26.58 4.56 L-删圉懹 C10H16 975 976  

2 31.25 3.00 3-鰨ꀨ C8H10O 941 941 106-68-3 

3 37.67 2.56 榻㓹䈞懹ꀨ C8H14O 964 964 110-93-0 

4 42.08 2.42 3-鰨ꁣ C8H18O 953 954 589-98-0 

5 50.17 2.12 葋榻ꂍ C7H6O 969 987 100-52-7 

6 52.50 2.48 菑嘔ꁣ C10H18O 954 959 78-70-6 

7 58.17 2.60 꺜觷ꀨ C10H14O2 907 967 488-05-1 

8 62.92 2.64 翊听ꀨ C10H16O 940 955 89-81-9 

9 66.25 2.62 碭萁ꂍ C10H14O 974 974 18031-40-8 

10 67.42 2.62 䡏㓹-2-⼕モ榻ꀨ C10H14O2 901 943 14360-50-0 

11 77.25 3.50 溍琉碜 C15H24O 980 985 1139-30-6 

12 78.67 2.52 ┊꺜ꀂ榻ꂊ C11H14O2 971 974 93-15-2 

13 79.58 2.30 缜劽ꂍ C9H8O 904 921 104-55-2 

14 84.17 2.98 勊媧懹ꁣ C15H24O 975 977 6750-60-3 

15 86.83 2.52 䋳┊꺜ꀂ榻ꂊ C11H14O2 955 958 93-16-3 

16 89.00 2.58 哱꺜碜 C12H16O3 944 965 487-11-6 

17 90.67 2.54 缜雖襛ꂊ C11H12O3 926 941 607-91-0 

18 99.08 2.60 篱鰨耭 C12H16O3 955 957 5273-86-9 

19 105.92 3.64 吤擻ꁣ C20H40O 965 972 150-86-7 

20 111.5 2.58 └榻姍㓹葋榻ꂍ C10H12O4 919 940 4460-86-0 

㚷嫱㍕疟䆋䢦꡿☢⮜⭴ 20 熨⴬⺭擻 

 

3篾阷 
┚䅻鈺妰注荈隮-顏隮⮇冫注奃噪◅簟荈隮僗⮇鱂曎냖յ㼉㳋ꄈ㛻յ愓䷨䈲냖յ⮇

冫鵮䈲䒍璡⚝憠ն⮵榫 GC×GC-qMS ⮇冫碭萁⺗䨅⹠媧⺎♔ꈶ㲋⭴催㛢氳擻顏僗⮵◇催

噪ꪫ㏐ꈶ㲋碭萁⺗䨅⹠媧氳⴬㰣䡗⮇╙催㞑氳阡陃碭萁⺗䨅⹠媧氳䡗⮇┚蕇榫⹖괐榫Ⱶ耇

氳溿狓䬠❠同ꈶ⺱休█⺎♔催㞑㏐㵒碭萁⺗䨅⹠媧氳◲㏐⮇眷䬠❠⹇縓ն 
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⪓◅簟妰注荈隮顏隮纭榫嫏⮇冫꺜瞿╈黨葋◅榻ꁂꀪ 

䰕 金儗乄䋧环▽噪◅簟妰注荈隮顏隮纭榫嫏(GC×GC-qMS)压孾꺜瞿╈黨葋◅榻ꁂꀪ眷⴬

⺭擻⻡ꄈ氳亡嫏ն篾冽辑伺噪◅簟妰注荈隮鰏䅻鈺妰注荈隮僗催㛻氳㼉㳋ꄈյ催냖氳⮇

鱂曎⽰愓䷨䈲循◅簟狝ꠑ⫂㵨黨葋◅榻ꁂꀪ眷⴬⺭擻┚꺜瞿篯⮇⮇熊⺎♔僗䷞⬵㵽㓹顏

㵒泘剝篯⮇氳䇕䣼䬠냖▽㲋䓪㲋ꄈ氳固漶䓪ն 

⪩꜄陊噪◅簟妰注荈隮顏隮嫏 黨葋◅榻ꁂꀪ 꺜瞿 

 

黨葋◅榻ꁂꀪPhthalates佭黨葋◅榻ꁂ䎬䡗氳ꀪ氳簊燢佭㖆翶䄄┯╈僄䅻榫氳㖆

⴬⯘ն溿狓辑伺黨葋◅榻ꁂꀪ佭┉熨眷⛎ꥥ忂碜氳朅㗟忂碜⚢䏆⿏几⛮氳⫂⮇蛋硍簊

䇕䣼塜䅻氳蕔㶂蟑⮇蛋䩣㲺┽ꄆ休⺎㵗舚篱狰⹩僄篳舚権䡝舚毋ն 

榺◇朅㗟娤刌յⴎ逸免乢鱻燰♔⹖꺜瞿꺜乢塑䄄䄄荔璡⸊㍕괐⿁榫꺜瞿꺜乢╈黨葋◅

榻ꁂꀪ眷擻顏氳⻡ꄈ⺎耇飃鲋鈺㲋氳僄㛻墧槴ꄈն㎁㳄ⶼ榟鼨⹠䄭վⶼ榟鼨ⱴ⪝ⷦ⪩◇鵠䥊

괐⿁榫꺜瞿꺜乢鴠榫黨葋◅榻ꁂꀪ眷擻顏僄㛻墧槴ꄈ僗⪩ꠋ겗氳⭹տⶼⱴ沪涎⭹[2011]511

⺙金姳괐⿁榫꺜瞿꺜乢╈黨葋◅榻ꁂꀪ眷擻顏䔅⻡ꄈ┘䐂飃鲋60 mg/kgն 

꺜乢佭☳䅠꺜擻顏╈䬠⹧䡝♔几䄄⺭䡗嫏䐂⮽氳舚꺜擻顏氳䔅燢熨眷䡗⮇冓╙㛄儷

ꃾ榫┉簟妰注荈隮䤗儛㵒⪭⮇冫僗┉㲋氳㍮ꥈն儗乄⮵榫噪◅簟妰注荈隮⮇鱂曎냖յ㼉㳋ꄈ

㛻յ愓䷨䈲㞑յ⮇冫鵮䈲䒍璡⚝憠䋧环▽噪◅簟妰注荈隮顏隮纭榫嫏(GC×GC-qMS)压孾

꺜瞿╈黨葋◅榻ꁂꀪ⻡ꄈ氳亡嫏ն院亡嫏⺎循◅簟狝ꠑ⫂㵨黨葋◅榻ꁂꀪ眷⴬⺭擻┚꺜瞿篯

⮇⮇熊⺎♔僗䷞⬵㵽㓹顏㵒泘剝篯⮇氳䇕䣼⬵㵽⡾ꡖ䓪篾冽䬠냖▽㲋䓪㲋ꄈ氳固漶䓪ն 

 

1㲓뀰鼨⮇ 
1.1 ♙ 

㹢孅噪◅簟妰注荈隮顏隮纭榫♙(GC×GC-qMS) 

1.2 ⮇冫兣♭ 

GC兣♭ 

荈隮刼1InertCap-5MS 

 (30 m × 0.25 mm×0.25 µm)  

荈隮刼2BPX-50 

 (2.5 m × 0.1 mm ×0.1 µm) 

刼裹爊䈌40˳(2 min)_2˳/min_ 240˳(1 

min)_5˳/min_300˳(15 min) 

鰉妰He 

鰉妰䫝⯆亡䌋䔩始嘗䌋 

刼孲ꄈ1 mL/min 

鲽劫⹾裹䈲280˳ 

隀⯆⼽僿5 sec 

鲽劫亡䌋┘⮇孲鲽劫1 min 

鲽劫⛮燠1 µL 

MS兣♭ 

熊查⴬亡䌋EI 熊查嶏裹䈲230˳ 
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荈隮-顏隮䫙⹾裹䈲280˳ 

巖⯘滑鳁休ꠑ12 min 

ꃾ꥘亡䌋scan 

顏ꄈ葶㍴55~350 amu 

ꃾ꥘겐曎50 Hz

1.3 劫⿁⯥㚲杼 

⹧꺜瞿劫⿁榫▁ꁂ▁ꀪ燵ꄂ100⠙┕儬䏨孾ն 

 

2篾冽阥阷 
2.1 剝⬢隮㎂ 

鿥⯆4 mg/L氳黨葋◅榻ꁂꀪ岝⺭剝固巖尔䧝拨┕鳮⮇冫兣♭鲽车⮇冫䐂⮽隮㎂㞝┖⺨

篯⮇⟊槴休ꠑ㞝┖辑1䢦鲨ն 

 
 

㎂1. 黨葋◅榻ꁂꀪ岝⺭剝固⿁巖尔4 mg/L氳GC×GC◅簟鯺䊑㎂ 

辑1. ⺨篯⮇⺳燢յ◅簟荈隮氳⟊槴休ꠑ⹖攑䏣熊查 

No. ⴬⺭擻 葏乄甏燢 CAS ⺙ 

荈隮⟊槴休ꠑ 
泘剝熊查

(m/z) 

⹇縓熊查

(m/z) 
┉簟

(min) 

◅簟

(sec) 

1 黨葋◅榻ꁂ◅榻ꀪ DMP 131-11-3 60.333 3.64 163 77133 

2 黨葋◅榻ꁂ◅▁ꀪ DEP 84-66-2 69.167  3.34 149 177176 

3 黨葋◅榻ꁂ◅䋳┊ꀪ DIBP 84-69-5 84.250  3.08 149 57150 

4 黨葋◅榻ꁂ◅┊ꀪ DBP 84-74-2 89.000  3.56 149 150205 

5 黨葋◅榻ꁂ◅(2-榻姍㓹)▁ꀪ DMEP 117-82-8 90.917  4.04 59 149104 

6 黨葋◅榻ꁂ◅(4-榻㓹-2-䡏㓹)ꀪ BMPP 146-50-9 94.667  2.78 149 85167 

7 黨葋◅榻ꁂ◅(2-▁姍㓹)▁ꀪ DEEP 605-54-9 96.417  3.72 149 7372 

8 黨葋◅榻ꁂ◅䡏ꀪ DPP 131-18-0 97.917  3.42 149 150237 

9 黨葋◅榻ꁂ◅䄕ꀪ DHXP 84-75-3 106.083  2.86 149 150251 

10 黨葋◅榻ꁂ┊㓹菴㓹ꀪ BBP 85-68-7 106.500  3.68 149 91206 

◅
簟

⟊
槴

休
ꠑ

(s
ec

) 

┉簟⟊槴休ꠑ(min) 
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11 黨葋◅榻ꁂ◅(2-┊姍㓹)▁ꀪ DBEP 117-83-9 110.167  2.76 149 57193 

12 黨葋◅榻ꁂ◅朅䄕ꀪ DCHP 84-61-7 111.500  3.2 149 167249 

13 黨葋◅榻ꁂ◅(2-▁㓹)䄕ꀪ DEHP 117-81-7 112.000  2.34 149 167279 

14 黨葋◅榻ꁂ◅葋ꀪ DPhP 84-62-8 112.250  3.68 225 77226 

15 黨葋◅榻ꁂ◅塜鰨ꀪ DNOP 117-84-0 116.000  2.46 149 150279 

16 黨葋◅榻ꁂ◅㚗ꀪ DNP 84-76-4 116.917  2.52 149 127293 

2.2 꺜瞿劫⿁ⱶ剝孾陒 

⺸切꺜瞿劫⿁╈塑┉㲋ꄈ氳黨葋◅榻ꁂꀪ氳岝⺭剝固巖尔塑剝宆䈲 1 mg/Lն䐂⮽ GC×GC

◅簟鯺䊑㎂㞝㎂ 2 䢦鲨⪭╈榫篍荈㎐憠剝⭴氳╙黨葋◅榻ꁂꀪ眷⴬⺭擻1-16 ⮇⮷创辑氳⴬⺭

擻鈷辑 1ն꺜瞿╈⻡僗㛻ꄈ氳憯眷յꁣ眷յꀪ眷յꂍ眷⹖ꀨ眷⴬⺭擻鲹◙䡗⮇⚢䇕䣼⮇冫孾㲋

鵲䡗⡾ꡖ䓪篾冽նꃾ榫 GC×GC-qMS 亡嫏鲽车⮇冫꺜瞿䡗⮇⽰黨葋◅榻ꁂꀪ䐂⮽僗䷞⮇熊羜

俍䇕䣼꡹⛦䬠냖压孾篾冽固漶䓪ն 

 

㎂ 2. 꺜瞿劫⿁╈塑黨葋◅榻ꁂꀪ岝剝氳 GC×GC ◅簟鯺䊑㎂ 

 

DIBP 

◅
簟

⟊
槴

休
ꠑ

(s
ec

) DBP 

DMEP DEEP DPP 

◅
簟

⟊
槴

休
ꠑ

(s
ec

) 

┉簟⟊槴休ꠑmin 

┉簟⟊槴休ꠑmin 
㎂ 3. 꺜瞿劫⿁╈塑黨葋◅榻ꁂꀪ岝剝氳└簟荈隮㎂ 
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2.3 剝⬢傪篪 

鿥⯆┉硍⮜宆䈲╙ 0.1յ0.5յ1յ2յ4 mg/L 氳黨葋◅榻ꁂꀪ氳岝⺭剝固巖尔♔宆䈲╙嘦㏿

剝㲋ꄈ熊查氳㼉⛮燠╙篠㏿剝簃⯆剝固傪篪剝固傪篪篪䓪注⪩硍丘㞝┖辑 2 䢦鲨ն㍕疟䆋

䢦꡿鼨⮇篯⮇剝固傪篪㞝┖䢦鲨ն 

     

DEP                DBP 

 

DEHP 

2.4 劫⿁ⱶ剝㍑䷅曎⹖ꄆ㛄䓪篾冽 

循꺜瞿劫⿁╈塑┉㲋ꄈ黨葋◅榻ꁂꀪ剝固巖尔塑剝宆䈲 1 mg/L⮇⮷⯆㚷 3 ╄䇖车劫ն

䧝拨┕鳮⮇冫兣♭鲽车ꄆ㛄䓪⹖㍑䷅曎孾陒篾冽鈷┖辑 2ն 
辑 2. 剝固傪篪注⪩硍丘յ劫⿁塑剝㍑䷅曎⹖ꄆ㛄䓪篾冽 

No. ⴬⺭擻 
注⪩硍丘 

r 

䇖㏰㍑䷅曎 

(%, n=3) 

RSD 

(%, n=3) 

1 DMP 0.9990 120.82  1.01  

2 DEP 0.9989 92.68  4.97  

3 DIBP 0.9981 112.85  1.43  

4 DBP 0.9986 106.45  1.49  

5 DMEP 0.9993 115.11  2.57  

6 BMPP 0.9999 100.91  0.95  

7 DEEP 0.9991 116.21  5.40  

8 DPP 0.9981 96.37  6.18  

9 DHXP 0.9972 74.71  8.16  
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10 BBP 0.9987 104.14  5.80  

11 DBEP 0.9997 117.42  1.70  

12 DCHP 0.9983 99.96  0.45  

13 DEHP 0.9981 87.68  6.39  

14 DPhP 0.9981 108.63  1.90  

15 DNOP 0.9973 99.86  3.78  

16 DNP 0.9986 102.67  2.02  

 

3篾阷 
榺◇꺜瞿篯䡗僗㛢劫䓪⽰㛄儷䓪㵒固漶㲋䓪㲋ꄈ⮇冫⪭╈氳꡿ꄈ擻顏䅠全▽䏭㛻氳䧪䡟ն

縡㹢孅GC×GC-qMS僗㼉㳋ꄈ㛻յ⮇冫鵮䈲䒍յ⶛飉氳⮇熊耇ⱱ⽰愓䷨䈲耇㛫㵨黨葋◅榻ꁂ

ꀪ眷⴬⺭擻┚꺜瞿䡗⮇僗䷞⮇熊篾⺭顏隮纭榫✳⮇冫篾冽氳固漶䈲䐂⮽㛻㛻䬠ⶍ⺎榫◇꺜

瞿╈黨葋◅榻ꁂꀪ眷⴬⺭擻氳压孾ն 
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⪓◅簟妰注荈隮顏隮纭榫嫏⮇冫╈蕇䨅⹠媧䡗⮇ 

䰕 金儗乄ꃾ榫噪◅簟妰注荈隮顏隮纭榫嫏GC×GC-qMS㵒╈蕇䨅⹠媧䡗⮇鲽车㲋䓪⮇冫

⪦ꈶ㲋⭴顏隮注⛎䈲塜⺸⽰⹛⺸篾冽⮇⮷㛻◇ 800 ⽰ 850 氳⴬⺭擻 127 熨ն篾冽辑伺噪◅簟妰

注荈隮鰏䅻鈺妰注荈隮僗催㛻氳㼉㳋ꄈյ催냖氳⮇鱂曎⽰愓䷨䈲篾⺭㹢孅 GCMS-QP2020 ㍌

冓儼妰顏纭榫♙氳 ASSP 냖鵮䣴䬞䤗儛耇㛫╙㛄儷劫⿁氳孾㲋䬠❠固漶氳⮇冫篾冽ն 
⪩꜄陊噪◅簟妰注荈隮顏隮纭榫嫏 ╈蕇䨅⹠媧 㲋䓪⮇冫 

 

╈㎁䈒榫╈蔈蕇氳ⷧ⺒䖬╦蕇榫顫嶏╋㳫ն榺◇╈蕇姢抰⯘⽰睱䬠⹧擻╈⻡僗㛢熨⴬㰣䡗

⮇⪭䤻蘆僗䷞䡗⮇仵┘伺漶⻡ꄈ█注㵒鰏㵽ն㍕塝鲤䇗氳溿狓ꄆ憠☳瓇鴲溿狓鯸⺸☳╈蕇

䬠⹧僗䷞䡗⮇鲽车孨䓪䤻蘆溿狓ն╈蕇䨅⹠媧ⷊ╙⪭╈┉眷孨䓪䡗⮇╚金佭榺蚻眷⽰菑꺜仍⴬

⺭擻♔⹖框♜氳⻡姍轧榟擻㞝ꁣյꂍյꀨյꀂյꂊյ⫂耏璡篯䡗塝㛚鲸ⴎ䦮⻡姘⹖⻡漰⴬⺭擻

僗鰏㞑氳䤻蘆䷞冽նꃾ榫GCMS压孾休榺◇⮇熊䈲յ㼉㳋ꄈ僗꡿䢦♔㲋䓪յ㲋ꄈ⮇冫⹨⮽

㓹顏氳┽ꄆ䇕䣼ն 

噪◅簟妰注荈隮GC×GC佭 20 ┪篕 90 䇗创⹠㷤颯全氳┉熨⮇熊㛄儷岝⺭擻氳噪亍䣆夀

框佭䤧⮇熊儬杼┘⺱縡⹒注◎释环氳┼劯荈隮刼鵠鲋隀⯆䡝燢隀⯆鉯隀♔╏纭亡䌋鳀䫙

循┉颯氳◅簟妰注荈隮刼硍簊ն噪◅簟妰注荈隮奃俋鵠┉簟妰注荈隮僗⮇鱂曎催냖յ㼉㳋ꄈ㛻յ

愓䷨䈲㞑յ⮇冫鵮䈲䒍璡⚝憠ն泘⯥噪◅簟妰注荈隮䄖循괐⿁յ溍⴬◲⿁յ꺜瞿յ朅㗟溿狓璡

㛢╄겅㓊䐂⮽䈒榫ն 

儗㲓뀰⮵榫噪◅簟妰注荈隮顏隮纭榫嫏(GC×GC-qMS)㵒┉熨╈蕇䨅⹠媧氳䡗⮇鲽车▽⮇

冫ն篾冽辑伺GC×GC-qMS ╙╈蕇䨅⹠媧╈孨䓪䡗⮇氳⮇冫䬠❠▽僗䷞氳亡嫏鲹㵒◇溿狓╈

蕇䨅⹠媧╈䤻蘆յ䤻檫夽璡僗䷞孨䓪䡗⮇⹖╈㎁╈蔈蕇氳榟◲┚⹠㷤璡㏰僗ꄆ金䙬╬ն 

 

1㲓뀰鼨⮇ 
1.1 ♙ 

㹢孅噪◅簟妰注荈隮顏隮纭榫♙(GC×GC-qMS) 

1.2 ⮇冫兣♭ 

GC兣♭ 

荈隮刼1DB-5  

(30 m × 0.25 mm × 0.25 µm) 

荈隮刼2BPX-50  

(2.5 m×0.1 mm×0.1 µm) 

刼 裹 爊 䈌  40˳(5 min)_2˳/min_240˳(20 

min) 

鰉妰䫝⯆亡䌋䔩始220.8 kPa 

鲽劫⹾裹䈲280˳ 

隀⯆⼽僿5 sec           

鲽劫ꄈ0.4 μL 

鲽劫亡䌋⮇孲鲽劫        

⮇孲奃30:1 

MS兣♭ 
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熊查⴬亡䌋EI 

熊查嶏裹䈲200˳      

䫙⹾裹䈲280˳ 

巖⯘滑鳁休ꠑ3 min    

ꃾ劫겐曎50 Hz 

ꃾ꥘亡䌋scan 

顏ꄈ葶㍴30~320 amu

1.3 劫⿁⯆㚷 

㵨劫⿁榫塜䄕戇燵ꄂ 10 ⠙0.22 μm 䐭㯿帱腑鲋帱鲽劫孾㲋ն 

 

2篾冽阥阷 
2.1 ╈蕇䨅⹠媧䡗⮇荈隮㎂ 

ꃾ榫 GC×GC-qMS 㵒院劫⿁鲽车⮇冫䐂⮽氳◅簟鯺䊑㎂㞝㎂ 1 䢦鲨ն⪭╈嘦㏿剝

╙瑭┉劯荈隮刼┕氳⟊槴休ꠑ篠㏿剝╙瑭◅劯荈隮刼┕氳⟊槴休ꠑ└簟鯺䊑㎂㞝㎂ 2

䢦鲨ն 

 

 

㎂ 1. ╈蕇䨅⹠媧䡗⮇◅簟鯺䊑㎂ 

◅
簟

⟊
槴

休
ꠑ

(s
ec

) 

┉簟⟊槴休ꠑmin 
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㎂ 2. ╈蕇䨅⹠媧䡗⮇└簟鯺䊑㎂ 

 

2.2 㲋䓪压碠篾冽 

䐂⮽氳 GC×GC 丘䩺篺 ZOEX ⪝⺚氳 GC image 鯻♭㚲杼舅ⲁ燠⮇⺵⮵榫 NIST 剝

固隮㎂䈑㵒⺨荈隮㼉鲽车舅ⲁ压碠压碠篾冽舅ⲁ榟䡗㼉辑ն鵠鲋压碠篾冽鲽车几䄄劭㵒

僄⺵⪦ꈶ㲋⭴塜⺸压碠注⛎䈲⽰⹛⺸压碠注⛎䈲⮇⮷㛻◇ 800 ⽰ 850 氳⴬⺭擻 127 熨⴬

⺭擻氳陣篱篾冽鈷辑 1ն 
辑 1. ╈蕇䨅⹠媧䡗⮇㲋䓪篾冽 

㼉⺙ 
RT1

min 

RT2

sec 
葏乄⺳燢 ╈乄⺳燢 

塜⺸ 

注⛎䈲 

⹛⺸ 

注⛎䈲 

1 25.45 0.92 
(1R)-2,6,6-Trimethylbicyclo[3.1.1]hept

-2-ene 
(1R)- 螷懹  931 942 

2 28.70 1.18 
Bicyclo[3.1.0]hexane, 

4-methylene-1-(1-methylethyl)- 
维懹  905 932 

3 28.95 1.24 
Bicyclo[3.1.1]heptane, 

6,6-dimethyl-2-methylene-, (1S)- 
 β-螷懹  919 940 

4 30.12 1.12 ß-Myrcene  β-僖劽懹 901 921 

5 30.12 1.38 Furan, 2-pentyl- 2-䡏㓹⼕モ 846 910 

6 31.03 1.58 Octanal 鰨ꂍ 846 963 

7 32.20 1.28 
1,3-Cyclohexadiene, 

1-methyl-4-(1-methylethyl)- 
α-蚻⿁懹 880 900 

8 32.87 1.62 o-Cymene 黨-䋳┮葋 896 921 

9 33.37 1.52 
Cyclohexene, 

1-methyl-5-(1-methylethenyl)-, (R)- 
 册荣媧蚻 917 935 

10 35.70 1.52 τ-Terpinene τ-册媧懹 922 948 

11 38.12 1.52 Cyclohexene, 䋳册媧懹 893 916 
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1-methyl-4-(1-methylethylidene)- 

12 38.12 2.04 
Benzene, 

1-methyl-4-(1-methylethenyl)- 
2,4-◅榻㓹葋▁懹 838 927 

13 38.87 0.78 Undecane ⶇ┉戇 912 918 

14 38.87 1.58 Linalool  菑嘔ꁣ 904 910 

15 39.20 1.64 Nonanal 㚗ꂍ 809 883 

16 42.20 2.18 Isopinocarveol 䋳册꺜菞ꁣ 858 924 

17 43.45 1.78 Benzene, pentyl- 䡏㓹葋 923 950 

18 43.53 1.92 2-Nonenal, (E)- ⹛䌋-2-㚗懹ꂍ 803 931 

19 43.62 1.52 5-Pentylcyclohexa-1,3-diene 
5-䡏㓹朅䄕-1,3-◅

懹 
874 876 

20 45.12 2.04 
3-Cyclohexen-1-ol, 

4-methyl-1-(1-methylethyl)-, (R)- 
(-)-4-册媧ꁣ 904 923 

㚷嫱㍕疟䆋䢦꡿☢⮜⭴ 20 熨⴬⺭擻 

 

3篾阷 
┚䅻鈺妰注荈隮-顏隮⮇冫注奃GC×GC僗⮇鱂曎냖յ㼉㳋ꄈ㛻յ愓䷨䈲냖յ⮇冫鵮

䈲䒍璡⚝憠縡㹢孅㍌冓儼妰顏纭榫♙GCMS-QP2020氳냖鵮䣴䬞䫝⯆䤗儛ASSP耇㛫䬠❠냖

鱳20000 u/sec氳䣴䬞鵮䈲⽰僄냖100Hz氳ꃾ劫겐曎⟊阾▽噪◅簟荈隮╈㳑䈲䏭狸氳荈隮

㼉氳僗䷞ꃾ꥘┦㍌冓儼顏隮压孾ꃾ꥘䐂⮽氳顏隮㎂┚剝固顏隮㎂僗催㞑氳ⵯ鿥䈲⟊

阾▽㲋䓪篾冽氳固漶䓪ն⮵榫GC×GC-qMS⮇冫╈蕇䨅⹠媧⺎♔ꈶ㲋⭴催㛢㛄儷擻顏僗⮵

◇鲽┉塠㵒╈蕇䨅⹠媧╈䤻蘆յ䤻檫夽䡗⮇鲽车溿狓╙╈㎁ⷧ⺒䖬╦氳╈蔈蕇熭㰣氳⹠㷤

⢢⭴顈昦ն 
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◑յ懢蔈疟 

 

 

 



 

54 
 

⪓◅簟妰注荈隮顏隮纭榫嫏㲋䓪⮇冫ⷑ懢懢蔈╈꺜⽏䡗⮇ 

䰕金儗乄⮵榫㍾注蚃⹧丞⛮䩔꥘⯘ MonoTrap RSCC1860˳┖걵狝蚃⹧懢蔈╈氳꺜⽏䡗

⮇篺◅姚榻戇嬲聰⺵ꃾ榫㹢孅噪◅簟妰注荈隮顏隮纭榫♙GC×GC-qMS鲽车㲋䓪⮇

冫☳╈ꈶ㲋⭴ 322 熨篯⮇ն┚䅻鈺妰注荈隮顏隮纭榫嫏GCMS注奃院亡嫏循懢蔈꺜

⽏䡗⮇氳溿狓鲋爊╈僗鰏㛻氳⚝ⲡն 
⪩꜄陊噪◅簟妰注荈隮顏隮纭榫嫏 MonoTrap 懢蔈 㲋䓪⮇冫 

 

懢蔈氳꺜⽏佭陁♯ⷑ懢顏ꄈ氳ꄆ金䧗剝懢蔈⿁顏氳⚝ⱺ䏭㛻爊䈲┕⹧⬀◇懢蔈氳꺜

⽏ն懢蔈氳꺜⽏䡗⮇ꪝ䅻㛄儷泘⯥䄖篺ꈶ㲋⭴氳篯⮇㛻篑僗 4000 熨⺨熨꺜⽏䡗⮇氳篯

䡗յ⻡ꄈյ奃❇⹖注◎⛼榫⬀㲋浔懢蔈氳곽⽏ն 

妰注荈隮顏隮纭榫嫏GCMS佭ꈶ㲋懢蔈╈꺜⽏䡗⮇氳ꄆ金䣆夀循懢蔈⴬㰣氳溿狓

鲋爊╈⹠䨅▽ꄆ金氳⛼榫ն⛙佭懢蔈佭ꪝ䅻㛄儷氳⛮硍ꃾ榫䅻鈺溍葏奓篱留刼⮇冫懢蔈

阵㛢⴬⺭擻氳荈隮㼉佭ꄆ氳耇㛫鵠鲋顏隮ꈶ㲋⭴氳篯⮇僄㛢┘飃鲋 100 熨固漶㲋ꄈ

㶩催ꥈ▽ն 

噪◅簟妰注荈隮GC×GC佭 20 ┪篕 90 䇗创⹠㷤颯全氳┉熨⮇熊㛄儷岝⺭擻氳噪亍

䣆夀框䤧⮇熊儬杼┘⺱縡⹒注◎释环氳┼劯荈隮刼鵠鲋隀⯆♔╏纭亡䌋鳀䫙䡗◅簟妰注

荈隮刼硍簊ն噪◅簟妰注荈隮奃俋鵠┉簟妰注荈隮僗⮇鱂曎催냖յ㼉㳋ꄈ㛻յ愓䷨䈲㞑յ

⮇冫鵮䈲䒍璡⚝憠ն 

儗乄⮵榫㍾注蚃⹧丞⛮䩔꥘⯘MonoTrap RSCC18㳫꥘懢蔈╈氳꺜⽏䡗⮇篺◅姚榻戇

嬲聰⺵ꃾ榫㹢孅噪◅簟妰注荈隮顏隮纭榫♙GC×GC-qMS鲽车⮇冫☳╈ꈶ㲋⭴322

熨䡗⮇ն儗㲓뀰⺎䈒榫◇ⷑ懢氳⿁顏䫝⯆յ洡⚵ꈶ⮷♔⹖䧗篤㎂隮氳䋧环ն 

 

1㲓뀰鼨⮇ 
1.1 ♙ 

㹢孅噪◅簟妰注荈隮顏隮纭榫♙(GC×GC-qMS) 

1.2 ⮇冫兣♭ 

GC兣♭ 

荈隮刼1InertCap Pure Wax 

(30 m × 0.25 mm × 0.25 µm) 

荈隮刼2BPX-1 

 (2.5 m× 0.1 mm × 0.1 µm) 

刼裹爊䈌 

40˳(2min)_2˳/min_250˳(20 min) 

鰉妰He 

鰉妰䫝⯆亡䌋䔩始 240 kPa 

鲽劫⹾裹䈲220˳ 

隀⯆⼽僿7 sec 

鲽劫亡䌋┘⮇孲鲽劫1 min 

鲽劫ꄈ1 μL 

MS兣♭ 
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熊查⴬亡䌋EI 

熊查嶏裹䈲200˳ 

䫙⹾裹䈲230˳ 

巖⯘滑鳁休ꠑ10 min 

ꃾ꥘亡䌋scan 

顏ꄈ葶㍴55~369 amu 

ꃾ劫겐曎50 Hz 

1.3 劫⿁⯆㚷 

 

 

 

 

 

2篾冽阥阷 
2.1 荈隮㎂ 

ꃾ榫 GC×GC-qMS 㵒切ⷑ懢懢蔈鲽车⮇冫䐂⮽氳◅簟鯺䊑㎂㞝㎂ 1 䢦鲨ն⪭╈嘦㏿剝╙

瑭┉簟⟊槴休ꠑ篠㏿剝╙瑭◅簟⟊槴休ꠑն㵨篍荈亡勂⫂氳隮㎂䷒㛻䇜简鲨⪭└簟荈隮㎂

㞝㎂ 2 ⽰㎂ 3 䢦鲨ն 

篾冽辑伺GC×GC 刼硍簊瑭┉簟ꃾ榫冓䓪 InertCap Pure Wax(30 m × 0.25 mm ×0.25 µm)

荈隮刼㵨泘剝篯⮇䧝拨冓䓪鲽车⮇熊瑭┉簟ꄆ氳篯⮇⹒⚢循瑭◅簟 BPX-1(2.5 m × 0.1 mm 

×0.1 µm)氳荈隮刼┕䧝拨媦憠냖⛦鲽车⮇熊⮇熊䈲䐂⮽儗顏氳䬠냖ն 

 

 

㎂ 1. 切ⷑ懢懢蔈氳◅簟鯺䊑㎂ 

 

 

 

 

┉簟⟊槴休ꠑ(min) 

◅
簟

⟊
槴

休
ꠑ

(s
ec

) 

5 g 懢蔈 

60˳걵狝蚃⹧ 1 h 

飃技蚃⹧ 30 min 

┕儬⮇冫 

MonoTrap RSCC18 

200 μL ◅姚榻戇 
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㎂ 2. GCMS ┚ GC×GC-qMS 氳⮇冫篾冽㵒奃 

 

㎂ 3. ⷑ懢懢蔈氳└簟荈隮㎂ 

辑 1. 篯⮇⺳燢⹖ CAS ⺙ 

No. 葏乄⺳燢 CAS ⺙ 

1 Phytol, acetate 端 

2 4-Methyl-hexadecahydro-pyrene 端 

3 Benzaldehyde, 3-methoxy- 591-31-1 

1 

6 
5 7 

2 

8 

9 10 
11 

3 
4+12 

13 

◅簟⟊槴休ꠑ(sec) 

┉
簟

⟊
槴

休
ꠑ

(m
in

) 

⟊
槴

休
ꠑ

(m
in

) 

䍠䈲 

GCMS 氳⮇冫篾冽 GC×GC-qMS 氳⮇冫篾冽 
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4 l-Pantoyl lactone 5405-40-3 

5 4-Methyl-hexadecahydro-pyrene 端 

6 3-Buten-2-one, 23267-57-4 

7 Maltol 118-71-8 

8 4-Methyl-hexadecahydro-pyrene 端 

9 3-Buten-2-one, 23267-57-4 

10 4,6,10,10-Tetramethyl-5-oxatricyclo[4.4.0.0(1,4)]dec-2-en-7-ol 97371-50-1 

11 Phenol 108-95-2 

12 1H-Pyrrole-2-carboxaldehyde 1003-29-8 

13 Tridecanoic acid, 12-methyl-, methyl ester 5129-58-8 

2.2 㲋䓪压碠篾冽 

篾⺭ NIST 11 剝固顏隮䈑㵒夷╄㼉鲽车隮䈑压碠⪦僗 322 ╄㼉逈㲋䓪⭴塜注压碠注⛎

䈲㛻◇ 800⹛注压碠注⛎䈲㛻◇ 850⛮篾冽鈷辑 1ն 
辑 2. 切ⷑ懢懢蔈氳㲋䓪压碠篾冽 

No. ⴬⺭擻⮇眷 㲋䓪篯⮇丘╄ 
1 ꁣ眷⴬⺭擻 31 
2 ꀂ眷⴬⺭擻 10 

3 ꂊ眷⴬⺭擻 16 

4 ꂍ眷⴬⺭擻 24 

5 ꀨ眷⴬⺭擻 52 

6 ꀪ眷⴬⺭擻 56 

7 紲ꁂ眷⴬⺭擻 13 

8 ⫂ꀪ⴬⺭擻 7 

9 翿眷⴬⺭擻 4 

10 ⻡姘儷朅⴬⺭擻 23 

11 ⼕モ眷⴬⺭擻 7 

12 憯眷⴬⺭擻 67 

13 ⻡漰⴬⺭擻 5 

14 ⪭☽⴬⺭擻 7 

 ⺭阞 322 

 

3篾阷 
儗乄ꃾ榫㍾注蚃⹧丞⛮䩔꥘⯘MonoTrap RSCC18㳫꥘ⷑ懢懢蔈╈氳꺜⽏䡗⮇篺◅姚榻戇蚃

⹧⺵GC×GC-qMS鲽车㲋䓪⮇冫⪦僗322╄篯⮇逈㲋䓪⭴ն篾冽辑伺GC×GC-qMS循㛄儷⛮

硍氳㲋䓪⮇冫鲋爊╈僗ꪝ䅻狰⭴氳⚝ⲡն儗㲓뀰⺎䈒榫◇ⷑ懢氳⿁顏䫝⯆յ洡⚵ꈶ⮷♔⹖䧗

篤㎂隮氳䋧环ն 
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⪓◅簟妰注荈隮顏隮纭榫嫏⮇冫╚孲懢妰╈睧注䡗⮇ 

䰕 金儗乄ꃾ榫噪◅簟妰注荈隮顏隮纭榫嫏GC×GC-qMS㵒┉熨╚孲懢妰╈睧注䡗⮇鲽车㲋

䓪⮇冫⪦ꈶ㲋⭴顏隮注⛎䈲塜⺸⽰⹛⺸篾冽⮇⮷㛻◇ 800 ⽰ 850 氳⴬⺭擻 129 熨ն篾冽辑伺

噪◅簟妰注荈隮鰏䅻鈺妰注荈隮僗催㛻氳㼉㳋ꄈյ催냖氳⮇鱂曎⽰愓䷨䈲篾⺭㹢孅

GCMS-QP2020 ㍌冓儼妰顏纭榫♙氳 ASSP 냖鵮䣴䬞䤗儛耇㛫╙㛄儷劫⿁氳孾㲋䬠❠固漶氳⮇

冫篾冽ն 
⪩꜄陊噪◅簟妰注荈隮顏隮纭榫嫏 ╚孲懢妰 㲋䓪⮇冫 

 

懢妰╈⴬㰣䡗⮇冓⪭㛄儷僗顫乢简鲨懢妰╈僗篑3996熨⴬㰣䡗⮇ն劯䩺措懱亡䌋氳┘⺱

⹒⮇╙╚孲懢妰⽰❱孲懢妰╚孲懢妰佭榺妰䒳յ蠕妰䒳⽰㍾䒳擻顏篯䡗氳㛄儷妰巖翶几♜䤧

循㲝裹┖耇鵠鲋⯬勰帱撴氳懢妰鼨⮇燢╙妰注擻顏逈䡽槴氳懢妰鼨⮇燢╙睧注擻顏ն㵒◇睧注

䡗⮇氳溿狓僗Ⲃ◇⮇冫䨅⹠䓪⽰ⶐ䨅⹠䓪擻顏循ⷑ懢妰╈氳⮇䄭䗯⬅僗Ⲃ◇䧗㵗榟◲鲋爊╈

㞝⛰循꡹⛦ⷑ懢扦媧ꄂ䷒ꄈ氳⺱休僗鴲䦫䓪氳塑⪍꺜乢䌶辍懢妰燵ꄂ⹩屭氳ꠋ겗ն⛙佭☢ꃾ榫

GCMS压孾休⮇熊䈲յ㼉㳋ꄈ僗꡿㲋䓪⮇冫休⹨㓹顏䇕䣼┽ꄆն 

噪◅簟妰注荈隮GC×GC佭 20 ┪篕 90 䇗创⹠㷤颯全氳┉熨⮇熊㛄儷岝⺭擻氳噪亍䣆夀

框䤧⮇熊儬杼┘⺱縡⹒注◎释环氳┼劯荈隮刼鵠鲋隀⯆䡝燢隀⯆鉯隀♔╏纭亡䌋鳀䫙循

┉颯氳◅簟妰注荈隮刼硍簊ն噪◅簟妰注荈隮奃俋鵠┉簟妰注荈隮僗⮇鱂曎催냖յ㼉㳋ꄈ㛻յ

愓䷨䈲㞑յ⮇冫鵮䈲䒍璡⚝憠ն泘⯥噪◅簟妰注荈隮䄖循괐⿁յ溍⴬◲⿁յ꺜瞿յ朅㗟溿狓璡

㛢╄겅㓊䐂⮽䈒榫ն 

儗㲓뀰㵨噪◅簟妰注荈隮顏隮纭榫嫏(GC×GC-qMS)䈒榫◇╚孲懢妰睧注䡗⮇氳⮇冫ն篾冽

辑伺GC×GC-qMS ╙╚孲懢妰睧注䡗⮇氳⮇冫䬠❠▽催㞑氳䣆夀鲹㵒◇▽鉯ⷑ懢妰╈䡗⮇⮇

䄭⹖䧗㵗ⷑ懢榟◲璡㏰僗ꄆ金䙬╬ն 

 

1. 㲓뀰鼨⮇ 
1.1 ♙ 

㹢孅噪◅簟妰注荈隮顏隮纭榫♙(GC×GC-qMS) 

1.2 ⮇冫兣♭ 

GC兣♭ 

荈隮刼┉DB-5 (30 m×0.25 mm×0.25 µm) 

荈隮刼◅BPX-50 (2.5 m×0.1 mm×0.1 µm) 

刼裹爊䈌40˳(1.5 min)_4˳/min_280˳(5 

min) 

鰉妰He 

鰉妰䫝⯆亡䌋䔩始 187 kPa 

鲽劫⹾裹䈲280˳ 

隀⯆⼽僿6 sec            

鲽劫ꄈ1 μL 

鲽劫亡䌋⮇孲鲽劫        

⮇孲奃10:1 
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MS兣♭ 

熊查⴬亡䌋EI 

熊查嶏裹䈲200˳      

䫙⹾裹䈲280˳ 

巖⯘滑鳁休ꠑ5 min    

ꃾ劫겐曎33 Hz 

ꃾ꥘亡䌋scan 

顏ꄈ葶㍴36~500 amu 

1.3 劫⿁⯆㚷 

⹧帱撴糌꛻䎬椿╈塑⪍ 40 mL ┮ꀨ飃技 40 min0.22 μm 䐭㯿帱腑鲋帱ⷊ䐂ն 

 

2篾冽阥阷 
2.1╚孲懢妰睧注䡗⮇荈隮㎂ 

ꃾ榫 GC×GC-qMS 㵒院劫⿁鲽车⮇冫䐂⮽氳◅簟鯺䊑㎂㞝㎂ 1 䢦鲨ն⪭╈嘦㏿剝╙瑭┉

劯荈隮刼┕氳⟊槴休ꠑ篠㏿剝╙瑭◅劯荈隮刼┕氳⟊槴休ꠑ└簟鯺䊑㎂㞝㎂ 2 䢦鲨ն 

 

 

㎂ 1. ╚孲懢妰睧注䡗⮇◅簟鯺䊑㎂ 

 

二
簟

⟊
槴

休
ꠑ

(s
ec

) 

┉簟⟊槴休ꠑ(sec) 

㎂ 2. ╚孲懢妰睧注䡗⮇└簟鯺䊑
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2.2 㲋䓪压碠篾冽 

䐂⮽氳 GC×GC 丘䩺篺 ZOEX ⪝⺚氳 GC image 鯻♭㚲杼舅ⲁ燠⮇⺵⮵榫 NIST 剝固隮㎂

䈑㵒⺨荈隮㼉鲽车舅ⲁ压碠压碠篾冽舅ⲁ榟䡗㼉辑ն鵠鲋压碠篾冽鲽车几䄄劭㵒僄⺵⪦ꈶ㲋

⭴塜⺸压碠注⛎䈲⽰⹛⺸压碠注⛎䈲⮇⮷㛻◇ 800 ⽰ 850 氳⴬⺭擻 129 熨⴬⺭擻氳陣篱篾冽鈷

辑 1ն 
辑 1. ╚孲懢妰睧注䡗⮇㲋䓪篾冽 

㼉⺙ 
RT1

min 

RT2

sec 
葏乄⺳燢 ╈乄⺳燢 

塜⺸ 

注⛎䈲 

⹛⺸ 

注⛎䈲 

1 6.70 4.47 Isopropyl Alcohol 䋳┮ꁣ 952 979 

2 8.20 1.41 Acetic acid ꁫꁂ 869 954 

3 18.50 1.80 sec-Butyl nitrite ◘漛ꁂ塜┊ꀪ 853 896 

4 23.90 2.88 Glycerin ┮└ꁣ 924 989 

5 25.10 2.25 Phenol 葋ꀂ 874 973 

6 28.80 1.65 D-Limonene D-删圉懹 839 937 

7 32.40 2.70 Paromomycin 䄘륱ꧥ碜 852 917 

8 33.60 3.30 Dodecanoic acid, 3-hydroxy- 3-紦㓹-僖劽ꁂ 810 903 

9 37.00 3.09 Hydroquinone 㵒葋◅ꀂ 848 932 

10 39.50 2.94 R-Limonene R-删圉懹 800 891 

11 41.10 3.72 Stevioside 榚蘁矵 860 887 

12 46.40 1.95 Docosahexaenoic acid, ◅ⶇ◅澠⪠懹ꁂꀪ 850 886 

13 49.40 4.05 d-Mannose D-榔꨽矵 843 880 

14 53.20 1.86 Eicosane ◅ⶇ戇 891 916 

15 54.20 1.86 Hexadecane, 1,1-bis(dodecyloxy)- 
1,1 -◅ⶇ◅戇姍㓹-

ⶇ⪠戇 
867 917 

16 57.10 1.98 Phytol, acetate 吤ꁫꁂ 928 959 

17 59.00 2.16 

Cyclopropanebutanoic acid, 

2-[[2-[[2-[(2-pentylcyclopropyl)met

hyl]cyclopropyl]methyl]cyclopropyl

]methyl]-, methyl ester 

朅┮戇┊ꁂ 870 933 

18 60.30 2.25 1-Heptatriacotanol └ⶇ┍戇ꁣ 890 943 

19 62.70 2.67 Ethyl iso-allocholate 䋳羑ꁂ▁ꀪ 914 936 

20 63.00 2.55 

4,8,13-Cyclotetradecatriene-1,3-dio

l, 1,5,9-trimethyl- 

12-(1-methylethyl)- 

1,3-◅榻㓹-1,5,9-└榻

㓹-12-1-榻㓹▁㓹

-4,8,13-朅ⶇ㍌澠懹 

880 937 

㚷嫱㍕疟䆋䢦꡿☢⮜⭴ 20 熨⴬⺭擻 
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3. 篾阷 
┚䅻鈺妰注荈隮注奃GC×GC僗⮇鱂曎냖յ㼉㳋ꄈ㛻յ愓䷨䈲냖յ⮇冫鵮䈲䒍璡⚝憠

縡㹢孅㍌冓儼妰顏纭榫♙GCMS-QP2020 Ultra氳냖鵮䣴䬞䫝⯆䤗儛ASSP耇㛫䬠❠냖鱳20000 

u/sec氳䣴䬞鵮䈲⟊阾▽噪◅簟荈隮╈㳑䈲䏭狸氳荈隮㼉氳僗䷞ꃾ꥘┦㍌冓儼顏隮压孾ꃾ꥘

䐂⮽氳顏隮㎂┚剝固顏隮㎂僗催㞑氳ⵯ鿥䈲⟊阾▽㲋䓪篾冽氳固漶䓪ն⮵榫GC×GC-qMS⮇

冫懢妰╈睧注䡗⮇⺎♔ꈶ㲋⭴催㛢氳擻顏╙╚孲懢妰睧注䡗⮇氳⮇冫䬠❠▽催㞑氳䣆夀鲹㵒

◇▽鉯ⷑ懢妰╈䡗⮇⮇䄭⹖䧗㵗ⷑ懢榟◲璡㏰僗ꄆ金䙬╬ն 
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⪓◅簟妰注荈隮顏隮纭榫嫏⮇冫榾查懢尔╈懢澜⹖焔榫䡗⮇ 
䰕 金儗乄ꃾ榫噪◅簟妰注荈隮顏隮纭榫嫏GC×GC-qMS㵒└熨榾查懢懢尔╈懢澜⹖焔榫䡗

⮇鲽车⮇冫篾冽辑伺噪◅簟妰注荈隮鰏䅻鈺妰注荈隮僗催䍠㛻氳⮇熊耇ⱱ耇㛫╙㛄儷㓹

顏劫⿁氳孾㲋䬠❠固漶氳⮇冫篾冽ն 
⪩꜄陊噪◅簟妰注荈隮顏隮纭榫嫏 榾查懢尔 懢澜 焔榫䡗⮇ 

 

榾查懢佭┉熨嘗♻ⷑ懢氳榾查◲⿁僗浔┚ⷑ懢┉劫氳㛚鈸յ懢꧋յ⽏鷺⽰䚊鈿框♜鵠鲋

⚩鴝婎⴬┮◅ꁣյ懢澜岝⺭擻✳几⻹⪍⯘ꄈ┘璡氳懢澜ն榾查懢懢尔氳╚金䡗⮇佭⹠懢巖⯘յ

懢澜⽰꺜⽏擻顏ն1,2-┮◅ꁣ⽰榔媧鵠䅻⛼╙巖⯘ⶭ榾查懢尔氳90%䄅⺓懢澜⻡ꄈ┉芘循0~3%

╯ꠑն 

泘⯥榺◇㎁⫂㛚㏰媆僗榾查懢亡ꪫ氳注⪩剝固㵗舚榾查懢◲⿁顏ꄈ⹇䄑┘룋㱧噪꣰䖲

ꄆꄆ榄⪭榾查懢懢尔╈氳懢澜┚剝嫱ꄈ僗䏭㛻䄑䋳┉◙榾查懢懢尔技燢┘⻡懢澜⛙㲓ꡮ┕

█⻡僗懢澜ն榺◇㎁⫂㛚㏰媆僗硍簊氳榾查懢㱧噪䓪陁⚽顫乢㍕塝泘⯥鲸┘耇漶㲋榾查懢⚢

簄✳榫縖氳⢹䉔䅠全⿵◙弍循곽ꢣն 

乄昦䥊鷺孾㲋榾查懢懢尔╈懢澜氳亡嫏╚金僗尔注荈隮嫏յ尔顏纭榫嫏յ妰注荈隮嫏⽰妰

顏纭榫嫏儗㲓뀰㵨噪◅簟妰注荈隮顏隮纭榫嫏(GC×GC-qMS)䈒榫◇榾查懢尔╈懢澜⹖焔榫擻

顏氳⮇冫ն篾冽辑伺懢澜⹖焔榫䡗⮇┘⹨㓹顏䇕䣼╙㲋䓪⹖㲋ꄈ䬠❠▽催㞑氳䣆夀鲹㵒◇

鈺葶榾查懢尔氳榟◲僗ꄆ金䙬╬ն 

 

1㲓뀰鼨⮇ 
1.1 ♙ 

㹢孅噪◅簟妰注荈隮顏隮纭榫♙(GC×GC-qMS) 

1.2 ⮇冫兣♭ 

GC兣♭ 

荈隮刼┉Rtx-wax(30 m × 0.25 mm × 0.25 

µm) 

荈隮刼◅BPX-50 (2.5 m × 0.1 mm × 0.1 

µm) 

刼 裹 爊 䈌  40˳(2 min)_4˳/min_240˳(8 

min) 

鰉妰He 

鰉妰䫝⯆亡䌋䔩篪鵮䈲 203.3 kPa 

鲽劫⹾裹䈲220˳ 

隀⯆⼽僿6 sec            

鲽劫ꄈ0.5 μL 

鲽劫亡䌋⮇孲鲽劫        

⮇孲奃10:1 

MS兣♭ 

熊查⴬亡䌋EI 

熊查嶏裹䈲200˳     

䫙⹾裹䈲240˳ 

巖⯘滑鳁休ꠑ4 min    
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ꃾ劫겐曎33 Hz 

ꃾ꥘亡䌋scan 

顏ꄈ葶㍴35~500 amu   

1.3 劫⿁⯆㚷 

⹧榾查懢尔 0.5 μL鲽车 GC×GC-qMS ⮇冫ն 

 

2篾冽阥阷 
2.1 榾查懢尔GCMS-QP2020孾㲋篾冽 

ꃾ榫 GCMS-QP2020 㵒榾查懢尔劫⿁鲽车孾㲋䢦䐂荈隮㎂⹖顏隮㎂㞝㎂ 1յ㎂ 2 䢦鲨

榺◇榾查懢尔╈ 90%♔┕齉佭┮◅ꁣյ榔媧循 3 min-4.6 min7.5 min-8.6 min ⭴朆┼㚲

巖⯘㼉䇕䣼懢澜⭴㼉休ꠑ 8.265 min 㚲顏隮㎂깴⽰㎂ 2 ╈ 61յ84 篍荈潨撴创辑깴⽰

㵒◇㲋䓪㲋ꄈ㏰僗䏆⿏ն 

5.0 7.5 10.0 12.5 15.0 17.5 20.0

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0
(x10,000,000)

TIC (1.00)

 
㎂ 1. 榾查懢尔劫⿁⶝㍌冓 TIC ㎂ 

100 200 300 400 500
0

25

50

75

100

%

84
61

133

162
11951

207 433238 327281 372 401 475304

 
㎂ 2. 懢澜 8.265 min 顏隮㎂ 

2.2 榾查懢尔╈懢澜GC×GC-qMS孾㲋篾冽 

ꃾ榫 GC×GC-qMS 㵒院劫⿁鲽车⮇冫䐂⮽氳◅簟鯺䊑㎂㞝㎂ 3 䢦鲨ն⪭╈嘦㏿剝

╙瑭┉劯荈隮刼┕氳⟊槴休ꠑ篠㏿剝╙瑭◅劯荈隮刼┕氳⟊槴休ꠑն㞝㎂⺎鈷懢澜┉簟

⟊槴休ꠑ╙ 33.00 min◅簟⟊槴休ꠑ╙ 1.50 min┚┮◅ꁣյ榔媧㼉⺎㲓朆⮇熊ն 
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㎂ 3. 榾查懢尔劫⿁◅簟鯺䊑㎂ 

2.3 榾查懢尔╈焔榫擻顏GC×GC-qMS孾㲋篾冽 

㵒䄇⩡ⱱ⹾⽏յ蝐蚆⹾⽏榾查懢尔劫⿁╈氳焔榫擻顏鲽车瓇刧㞝㎂ 4յ㎂ 5 䢦鲨2,3-

┊◅ꁣ2,3-䡏◅ꁣ┼熨⴬⺭擻⺎┚⪭☽⴬⺭擻䐂⮽䏭㞑氳⮇熊ն 

 

 

㎂ 4. 䄇⩡ⱱ⹾⽏榾查懢尔劫⿁焔榫擻顏◅簟鯺䊑㎂ 

 

 

┉簟⟊槴休ꠑ(sec) 

◅
簟

⟊
槴

休
ꠑ

(s
ec

) 
◅

簟
⟊

槴
休

ꠑ
(s

ec
) 

┉簟⟊槴休ꠑ(sec) 

┉簟⟊槴休ꠑ(sec) 

◅
簟

⟊
槴

休
ꠑ

(s
ec

) 

㎂ 5. 蝐蚆⹾⽏榾查懢尔劫⿁焔榫擻顏◅簟鯺䊑㎂ 
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3篾阷 
⮵榫GC×GC-qMS⮇冫榾查懢尔╈懢澜⹖焔榫䡗⮇⺎♔漶⟊泘剝篯⮇┘⹨㓹顏䇕䣼╙

㲋䓪⹖㲋ꄈ䬠❠▽催㞑氳䣆夀鲹㵒◇鈺葶榾查懢尔氳榟◲僗ꄆ金䙬╬ն 



 

66 
 

 

 

 

⪠յ⴬䄄疟⹖⪭㱚 
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⪓◅簟妰注荈隮顏隮纭榫嫏压孾 16 熨㛢朅菑憯 
䰕 金儗乄ꃾ榫噪◅簟妰注荈隮顏隮纭榫硍簊(GC×GC-qMS)鵠鲋⚝⴬因ㅂ孲ꄈ⽰ꃾ꥘鵮

曎䋧环▽16熨㛢朅菑憯氳⮇冫亡嫏同Ⲃ噪◅簟硍簊䍠㛻氳⮇熊耇ⱱ循院亡嫏┖㲓朆

▽16熨㛢朅菑憯氳㱮噪⮇熊ն 

⪩꜄陊噪◅簟妰注荈隮顏隮纭榫嫏 㛢朅菑憯 因ㅂ孲ꄈ 隀⯆鉯隀休ꠑ 

 

㛢朅菑憯(Polycyclic Aromatic Hydrocarbons甏燢PAHs)佭䧗⮇查╈⻡僗┼╄䡝┼╄

♔┕葋朅♔篪敯յ鉉敯䡝瘯敯䪷⮜氳爳朅㑔⴬⺭擻ⴎ䦮蚵յ蠤յ虜⽰莊璡150⛸熨⴬⺭擻ն

榺◇⪭僗舚毋յ舚権յ舚狰⹩䷞䈒⷇㲺几⛮⢹䉔PAHs䇯嫚㰇循◇姢յ㎻㚍յ婡燠擻⽰

ⲁ擻篯篲╈⪭⴬㰣䓪顏牔㲋䏭ꥈ꡹鉯ն泘⯥溿狓辑伺⪭╈僗l6熨僗鰏䍠氳舚毋յ舚権

⽰舚狰⹩䓪䄖逈紇㎁朅⟊㷀(EPA)⮜⪍⚝⩝䫝⯆⽰压孾氳僗夽僗儬娤刌擻氳랫⺳⶝╈ն 

ꃾ榫┉劯荈隮刼⮇熊休榺◇切◙ PAHs 篾冘注⛎䓪顏注鲤鰏ꥈ㲓朆㱮噪⮇熊鲹█

㵒㲋ꄈ氳固漶䓪鵲䡗▽┉㲋氳䏆⿏噪◅簟妰注荈隮(GC×GC)佭㵨┼劯荈隮刼♔╏纭氳

亡䌋篾⺭䡗◅簟妰注荈隮瑭┉劯刼⮇熊⺵氳篯⮇篺隀⯆纺扦⺵♔耞⫿亡䌋鲽⪍瑭◅刼

╈⫋埠鲽车⮇熊ն⮇熊䷞曎յ㼉㳋ꄈ愓䷨䈲璡亡ꪫ注奃◇┉簟 GC 僗伺简氳⚝ⲡն 

儗乄ꃾ榫噪◅簟妰注荈隮顏隮纭榫嫏(GC×GC-qMS)㵒 16 熨㛢朅菑憯鲽车▽⮇冫篾

冽辑伺┚⚩簊┉簟 GCMS 注奃GC×GC-qMS 耇㛫✳ 16 熨 PAHs 鱳⮽㱮噪⮇熊ն 

 

1. 㲓뀰鼨⮇ 
1.1 ♙ 

㹢孅噪◅簟妰顏纭榫♙(GC×GC-qMS) 

1.2 ⮇冫兣♭ 

GC兣♭ 

荈隮刼1Rtx-5 

(30 m × 0.25 mm × 0.25 µm) 

荈隮刼2BPX-50 

(2.5 m×0.1 mm×0.1 µm) 

刼裹爊䈌 

80˳(2min)_20˳/min_180˳_4˳/min_2

50˳_2˳/min_270˳(2 min) 

_8˳/min_310˳(15 min) 

鰉妰䫝⯆亡䌋䔩篪鵮䈲(107.9 cm/sec) 

鲽劫⹾裹䈲280˳ 

隀⯆⼽僿4 sec 

鲽劫亡䌋┘⮇孲鲽劫1 min 

鲽劫ꄈ1 μL 

MS兣♭ 

熊查⴬亡䌋EI 

熊查嶏裹䈲230˳ 

荈隮-顏隮䫙⹾裹䈲280˳ 

ꃾ꥘亡䌋SIMꃾ꥘⹇丘鈷辑1 

ꃾ劫겐曎50 Hz
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辑 1. 㛢 朅菑 憯⺨ 篯 ⮇⟔ 䕜 ⽰ꃾ ꥘ ⹇丘  

No. ╈乄⺳燢 葏乄⺳燢 CAS# 㲋ꄈ熊查 㲋䓪熊查 1 㲋䓪熊查 2 
1 蚵 Naphthalene 91-20-3 128 127 102 
2 菻懹 Acenaphthylene 208-96-8 152 151 126 
3 菻 Acenaphthene 83-32-9 153 127 152 
4 菓 Fluorene 86-73-7 166 165 139 
5 虜 Phenanthrene 85-01-8 178 176 152 
6 蠤 Anthracene 120-12-7 178 176 152 
7 蔿蠤 Fluoranthene 206-44-0 202 150 201 
8 莊 Pyrene 129-00-0 202 201 174 
9 葋䇜[a]蠤 Benz[a]anthracene 56-55-3 228 226 202 

10 㷎 Chrysene 218-01-9 228 226 202 
11 葋䇜[b]蔿蠤 Benzo[b]fluoranthene 205-99-2 252 250 226 
12 葋䇜[k]蔿蠤 Benzo[k]fluoranthene 207-08-9 252 250 226 
13 葋䇜[a]莊 Benzo[a]pyrene 50-32-8 252 226 250 
14 蒟䇜[1,2,3-cd]莊 Indeno[1,2,3-cd]pyrene 193-39-5 276 275 274 
15 ◅葋䇜[a,h]蠤 Dibenz[a,h]anthracene 53-70 -3 278 277 276 
16 葋䇜[g,h,i]萠 Benzo[g,h,i]perylene 191-24-2 276 274 275 

2. 篾冽阥阷 
2.1 ⬉ㅂ孲ꄈ氳⚝⴬ 

 
㎂1. 16熨PAHs┉簟荈隮㎂ 

 

㎂ 2. 16 熨㛢朅菑憯鯺䊑㎂因ㅂ孲ꄈ 6 L/min 

1 

2 
3 

4 
5 

6 

7 8 

9 10 

11 12 
13 

14 15 
16 

┉簟⟊槴休ꠑ(min) 

◅
簟

⟊
槴

休
ꠑ

(s
ec

) 
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㞝┕㎂䢦鲨䎎因ㅂ孲ꄈ鱳⮽ 6 L/min 休⟊槴休ꠑ 40 min ╯⺵氳⴬⺭擻纺扦䷞冽⬵

䍐䇜┦⟊槴休ꠑ┚┉簟荈隮㎂注奃滑⺵榗舘葋䇜[g,h,i]萠䇜媆僗⭴㼉ն⸊㍕⺎耇佭 40 min

╯⺵氳⴬⺭擻媦憠俋鷥循 480˳♔┕循院因ㅂ兣♭┖⴬⺭擻䏭ꥈ⫋埠逈懷ㅂ妰⴬㵗

舚ն㍕塝꡹⛦因ㅂ孲ꄈ舘 2 L/min ⫋埠鲽劫⮇冫㲓뀰篾冽㞝㎂ 3 䢦鲨ն 

15.0 20.0 25.0 30.0 35.0 40.0 45.0 50.0 55.0
0.0

0.5

1.0

1.5

2.0
(x1,000,000)

 

 
 

㎂ 3. 因ㅂ孲ꄈ 2 L/min 休㛢朅菑憯剝固⿁鯺䊑㎂ 

篾冽辑伺循因ㅂ孲ꄈ╙ 2 L/min 休⟊槴休ꠑ 40 min ╯⺵氳⴬⺭擻㏰耇塜䅻⭴㼉

㍕塝鴲䦫 2 L/min ⛼╙因ㅂ孲ꄈն 

2.2隀⯆鉯隀休ꠑ氳⚝⴬ 

 
 

1 

2 
3 

4 

5 6 
7 8 

9 10 

11 12 
13 

14 
15 

16 

◅
簟

⟊
槴

休
ꠑ

(s
ec

) 

┉簟⟊槴休ꠑ(min) 

◅
簟

⟊
槴

休
ꠑ

(s
ec

) 

┉簟⟊槴休ꠑ(min) 
㎂ 4. 16 熨㛢朅菑憯鯺䊑㎂隀⯆鉯隀休ꠑ 6 sec 
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    㞝┕㎂䢦鲨隀⯆鉯隀休ꠑ╙ 6 sec 休葋䇜[b]蔿蠤⽰葋䇜[k]蔿蠤䇜┘耇㱮噪⮇熊

鵠鲋䷊⹩ⶍ裹鵮曎䷞冽█┘简蜷㍕塝縓诿䷊⹩隀⯆鉯隀休ꠑ䎎阻㲋╙ 4 sec 休篾冽㞝

㎂ 5 䢦鲨ն 

 

㎂ 5. 16 熨㛢朅菑憯鯺䊑㎂隀⯆鉯隀休ꠑ 4 sec 

篾冽辑伺䎎隀⯆鉯隀休ꠑ阻㲋╙ 4 sec 休葋䇜[b]蔿蠤⽰葋䇜[k]蔿蠤耇㛫㱮噪⮇熊

┦乖憠䎬敯席餉㲓뀰꧎金㍕塝㵨隀⯆鉯隀休ꠑ鴲㲋╙ 4 secն 

2.3 压⭴꡿ 

♔宆䈲╙ 10 μg/L 16 熨 PAHs 岝⺭剝固巖尔鲽劫⮇冫♔└⠙⟔㉽奃S/N阞畀压⭴

꡿篾冽鈷辑 2ն 
辑 2. 16 熨 PAHs 压⭴꡿篾冽 

No. ⺳燢 压⭴꡿(μg/L) ┉簟⟊槴休ꠑ(min) ◅簟⟊槴休ꠑ(sec) 

1 蚵 0.022 10.72 4.09 

2 菻懹 0.021 14.18 0.72 

3 菻 0.017 14.72 0.75 

4 菓 0.017 16.38 0.98 

5 虜 0.001 20.18 1.62 

6 蠤 0.001 20.45 1.60 

7 蔿蠤 0.014 26.32 2.43 

8 莊 0.010 27.58 2.92 

9 葋䇜[a]蠤 0.022 35.98 0.85 

10 㷎 0.023 36.25 1.26 

11 葋䇜[b]蔿蠤 0.078 42.92 3.71 

12 葋䇜[k]蔿蠤 0.084 43.05 3.77 

13 葋䇜[a]莊 0.081 44.72 0.81 

◅
簟

⟊
槴

休
ꠑ

(s
ec

) 

┉簟⟊槴休ꠑ(min) 
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14 蒟䇜[1,2,3-cd]莊 0.165 52.25 1.15 

15 ◅葋䇜[a,h]蠤 0.221 52.52 1.17 

16 葋䇜[g,h,i]萠 0.149 54.32 3.18 

 

3篾阷 
儗乄☮篸▽㹢孅 GC×GC-qMS 压孾 16 熨㛢朅菑憯氳亡嫏䋧环鲋爊☳┕乄⺎♔洇⭴

循♙ⶍ裹爊䈌յ刼孲ꄈ璡⹇丘漶㲋氳㓹滼┕㵒◇媦憠循 500˳♔┕氳⴬⺭擻因ㅂ孲ꄈ

㵒◇⟊槴休ꠑ䏆⿏䄉㛻縡鵠鲋鴲䦫┘⺱氳隀⯆鉯隀休ꠑ耇㛫循┉㲋爊䈲┕䷊ヤ⴬⺭擻氳⮇

熊ն院亡嫏┖16 熨㛢朅菑憯压⭴꡿循 0.001 μg/L~0.221 μg/L ╯ꠑ耇㛫席餉仼䅻压孾꧎

姳ն 

 



 

72 
 

⪓◅簟妰注荈隮顏隮纭榫嫏榫◇剀媧䡗⮇⮇冫 

䰕 金儗乄ꃾ榫噪◅簟妰注荈隮顏隮纭榫嫏(GC×GC-qMS)㵒繁媧篯䡗䡗⮇鲽车㲋䓪⮇冫

⪦ꈶ㲋⭴顏隮注⛎䈲⽰⹛⺸压碠注⛎䈲⮇⮷㛻◇ 800 ⽰ 900 氳⴬⺭擻 432 熨ն篾冽辑伺

噪◅簟妰注荈隮鰏䅻鈺妰注荈隮僗催㛻氳㼉㳋ꄈյ催䍠氳⮇熊耇ⱱ⽰냖愓䷨䈲篾⺭㹢孅

GCMS-QP2010 Ultra ㍌冓儼妰顏纭榫♙氳 ASSP 냖鵮䣴䬞䤗儛耇㛫╙繁媧璡㛄儷媧⿁氳孾

㲋䬠❠固漶氳⮇冫篾冽ն 

⪩꜄陊噪◅簟妰注荈隮顏隮纭榫嫏 繁媧 ⴬㰣篯䡗 㲋䓪⮇冫 

繁媧⛼╙榫ꄈ僄㛻氳措乢媧╯┉⪭⴬㰣篯䡗┉波㚷⹨⪩嫱ն┉亡ꪫ繁媧氳꧎姳ꄈ飉

全飉㛢縡⛂꣮繁媧꧎姳ꄈ┕ⶍ⺱休⭴朆氳佭繁媧顏ꄈ剝固飉全飉┽劲朅⟊嫏鈺金姳┽劲

䫝⯆繁媧╈菑憯յ㛢朅菑憯⽰漰氳⻡ꄈ♔꡹⛦㵒朅㗟氳娤刌⽰㵒几♜⢹䉔氳⷇㲺⺁┉亡

ꪫ䄄荔溿⹠鼨ꠅ█循┘亇㏐䫓碠亍氳塑䄄䄄荔♔꡹⛦繁媧䡗⮇╈氳㛢朅菑憯♔⹖漰氳⻡

ꄈ╙▽鴒姳篺宁䷞沠氳僄㛻⴬⽰瑞⺭朅⟊嫏鈺金姳憤媧⚀┯飉全飉⪩嫱繁媧氳憯眷篯䡗

☳縡榟◲⭴席餉䄬㏜꧎金氳岳嬕措乢ն 

噪◅簟妰注荈隮GC×GC佭 20 ┪篕 90 䇗创⹠㷤颯全氳┉熨⮇熊㛄儷岝⺭擻氳噪亍

䣆夀框䤧⮇熊儬杼┘⺱縡⹒注◎释环氳┼劯荈隮刼鵠鲋隀⯆䡝燢隀⯆鉯隀♔╏纭

亡䌋鳀䫙循┉颯氳◅簟妰注荈隮刼硍簊ն噪◅簟妰注荈隮奃俋鵠┉簟妰注荈隮僗⮇鱂曎催

냖յ㼉㳋ꄈ㛻յ愓䷨䈲㞑յ⮇冫鵮䈲䒍璡⚝憠ն泘⯥噪◅簟妰注荈隮䄖循괐⿁յ溍⴬◲⿁յ

꺜瞿յ朅㗟溿狓璡㛢╄겅㓊䐂⮽䈒榫ն 

儗㲓뀰㵨噪◅簟妰注荈隮顏隮纭榫嫏(GC×GC-qMS)䈒榫◇繁媧氳⮇冫ն篾冽辑伺

GC×GC-qMS ╙繁媧䡗⮇氳⮇冫䬠❠▽䏭㞑氳䣆夀榫䢦䋧环氳亡嫏⺎♔ꪝ䅻甏➘յ波鈸

氳䐂⮽繁媧䡗⮇氳篯䡗⟔䕜ն  

 

1㲓뀰鼨⮇ 
1.1 ♙ 

㹢孅噪◅簟妰注荈隮顏隮纭榫♙(GC×GC-qMS) 

1.2 ⮇冫兣♭ 

GC 兣♭ 

荈隮刼 1InertCap Pure Wax 

(30 m × 0.25 mm ×0.25 µm) 

荈隮刼 2BPX-5  

(2.5 m × 0.1 mm ×0.1 µm) 

刼裹爊䈌 

40˳(2 min)_5˳/min_250˳(10 min) 

 

鲽劫⹾裹䈲260˳ 

隀⯆⼽僿5 sec 

鲽劫亡䌋⮇孲鲽劫      

⮇孲奃200:1 
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MS 兣♭ 

熊查⴬亡䌋EI 

熊查嶏裹䈲230˳  

䫙⹾裹䈲260˳ 

鲽劫ꄈ0.2 μL 

ꃾ꥘겐曎33Hz 

巖⯘滑鳁休ꠑ1.5 min 

ꃾ꥘亡䌋scan 

顏ꄈ葶㍴29~450 amu 

1.3 劫⿁⯆㚷 

⹧繁媧糌◇ 1.5 ml 鲽劫㵸椿波䫙┕儬⮇冫ն 

 

2篾冽阥阷 
2.1 剀媧劫⿁⭴㼉隮㎂ 

䏆⿏ GC×GC ⮇熊氳㍕碜╚金僗裹䈲յ㍾㲋注⽰刼⹇丘ն鵠䅻噪◅簟荈隮刼䢦榫氳刼硍

簊佭♔鰏Ꝛ氳䡝縖尔腑鰏⸂氳ꪝ冓䓪刼⛼╙瑭┉刼篯⮇䧝媦憠냖⛦鲽车⮇熊♔鰏湿氳䡝縖

尔腑鰏訅氳╈璡冓䓪䡝冓䓪刼⛼╙瑭◅刼篯⮇䧝㲇耇㍙䓪顏鲽车⮇熊篾⺭爊䈌ⶍ裹⺎♔

㲓朆塜◬⮇熊 

儗㲓뀰꺙⩝縓㴕▽瑭┉㝄刼硍簊隮㎂㞝㎂ 1 䢦鲨䢦✳榫氳荈隮刼⟔䕜╙荈隮刼 1

DB-1(30 m × 0.25 mm ×0.25 µm)荈隮刼 2BPX-50 (2.5 m × 0.1 mm ×0.1 µm)ⶍ裹爊䈌

40˳(2 min)_5˳/min_300˳(10 min)ն 

 
 

㎂ 1. 瑭┉㝄刼硍簊繁媧䡗⮇氳氳 GC×GC-qMS ◅簟鯺䊑㎂ 

☳㎂ 1 ╈⺎♔洇⭴菑꺜憯氳篯⮇⺎♔鰏㞑氳逈⮇熊⭴全⛙佭깴⽰戇憯յ懹憯⽰朅戇憯

ꄆ氳鼨⮇鰏㛢压碠隮䈑休⺎耇⚢꡹⛦注⛎䈲㵒㲋䓪䄄⛼鵲䡗䏆⿏ն䩺乄昦䥊鷺繁媧䡗

◅
簟

⟊
槴

休
ꠑ

(s
ec

) 

┉簟⟊槴休ꠑ(min) 
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⮇╈憯眷篯䡗╚金ⴎ䦮戇憯յ朅戇憯⽰菑꺜憯ն戇憯╚金眷㑔僗塜冘戇憯⽰䋳冘戇憯ն繁媧╈

ꢝ▽⻡僗鰏Ꝛ❱ꛔ氳⶝朅朅戇憯⽰⶝朅菑憯㛚鲸僗⹙朅♔⹖└朅氳㛢朅朅戇憯⽰㛢朅菑憯ն 

循鲹◙㛄儷氳⴬⺭擻╈깴⽰戇憯⻡ꄈ僄냖懹憯⽰菑꺜憯⻡ꄈ鰏⛦㍕塝╙▽✳⻡ꄈ

鰏냖氳깴⽰戇憯藜䐂催㞑氳⮇熊䈲儗㲓뀰█縓㴕▽瑭◅㝄刼硍簊ⷊ♔鰏Ꝛ氳冓䓪刼⛼╙瑭

┉刼鰏湿氳ꪝ冓䓪刼⛼╙瑭◅刼⭴㼉㎂隮㞝㎂ 2 䢦鲨循瑭◅㝄刼硍簊┖繁媧⺨篯⮇催㞑

㏐⮇䄭◇ GC×GC 隮㎂氳◅簟狝ꠑ縡┦催㛢氳篯⮇逈ꈶ㲋⭴全⭴㼉催僗鈺䏱⺎䐡ն㍕塝

儗㲓뀰鴲䦫▽瑭◅㝄刼硍簊榫◇繁媧䡗⮇氳⮇冫ն瑭◅㝄刼硍簊氳⟔䕜陴⹇縓 1.2 ╈ GCMS ⮇

冫兣♭ն 

㎂ 2. 瑭◅㝄刼硍簊繁媧䡗⮇氳 GC×GC-qMS ◅簟鯺䊑㎂ 

㞝㎂2䢦鲨榺◇繁媧䡗⮇奃鰏㛄儷┦┘⺱仍⴬⺭擻氳冓䓪┘⺱䢦♔㎂2䢦鲨氳隮㎂

逈伺简氳⮕⮇╙㛢╄┘⺱氳⵲㓊榺◇瑭◅劯荈隮刼ꃾ榫䍐冓䓪刼䢦♔循瑭◅簟⟊槴休ꠑ飉

Ꝛ氳擻顏⪭冓䓪飉䍐◇佭循◅簟䇖ꪫ┕冓䓪榺⛦⮽냖❤埠佭ꛔ戇憯յ懹憯յ朅戇憯⽰┉朅

菑憯յ◅朅菑憯⛮⮇䄭㎂⺎⹇拨㎂4┚㎂5ն 

鵠鲋ZOEX⪝⺚氳GC image鯻♭㚲杼舅ⲁ燠⮇⺵⮵榫NIST剝固隮㎂䈑㵒⺨荈隮㼉鲽车

舅ⲁ压碠劯䩺Blob氳㛻㵸⺎♔⮮亇院⴬⺭擻⻡ꄈ氳냖⛦ն 

循院劫⿁╈塜冘戇憯⻡ꄈ注㵒鰏냖└簟㎂㎂3╈⺎♔⹠朆塜冘戇憯C10~C21㼉

⛮燠鰏㛻⮇䄭僄僗鈺䏱⺎䐡┉簟亡⺸┕澠丘꣮⟊槴休ꠑ㘍塑縡㘍塑鲹✳䐂院篯⴬⺭擻僄

㳋佄逈陃⮷ն 

䋳冘戇憯㰇循鰏╙伺简氳椙撴䷞䈒劯䩺┘⺱䋳冘⛮ꠑ媦憠⽰冓䓪氳䄑䋳⺎♔䫠亇┉簟

亡⺸┕䋳冘戇憯䧝拨媦憠鈺䏱⮇䄭循⺱澠丘塜冘戇憯氳䄅❱縡┦䶺ꛔ⴬飉냖氳戇憯冓䓪飉㵸

┉簟⟊槴休ꠑ(min) 

◅
簟

⟊
槴

休
ꠑ

(s
ec

) 极
性
由
低
到
高



循瑭◅簟刼氳⟊槴休ꠑ㶩飉Ꝛն⛙佭㵒◇繁媧劫⿁縡銨豓抆GC×GC循䏭㛻爊䈲┕鉯⬀▽┉

簟⪦孲⭴氳ꠋ겗劯䩺顏隮㎂█⺎♔鲽车⹧创㓹⛤糌氳甏⶝䫠孾⛙佭꣮浔䋳冘戇憯丘泘氳䓧

Ⰾ㘍塑⺨⴬⺭擻氳顏隮㎂䄑⮷䏭㵸鲹✳䐂䋳冘戇憯⶝⛮⮇查氳陃⮷☱抆ꥈ䈲鰏㛻ն 

懹憯⽰朅戇憯┘☢僗注⺱氳瞿漶顏ꄈ◅縖氳媦憠⽰冓䓪㏰注䄑┘㛻⭴㼉⛤糌ꪝ䅻䫙

鲤☢鼨⮇⪯㑔氳朅戇憯┚懹憯⴬⺭擻⺎♔鵠鲋舅骱氳攑䏣熊查鲽车固漶⵲⮇ն 

菑꺜憯眷⴬⺭擻㞝㎂5䢦鲨循瑭◅簟┕⺱劫劯䩺⴬⺭擻冓䓪氳㘍塑循◅簟䇖ꪫ☳┕⺸

┖䪷⮜╙┉朅菑憯յ◅朅菑憯ն 

㎂ 3. GC×GC-qMS └簟鯺䊑㎂
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㎂4. 戇憯յ懹憯⽰朅戇憯眷⴬⺭擻氳⮇䄭 

랋荈Blob╙깴⽰戇憯յ篍荈Blob╙┘깴⽰䈲╙1氳憯眷յ衹荈Blob╙┘깴⽰䈲╙2氳憯眷 

㎂5. 菑꺜憯眷⴬⺭擻氳⮇䄭 

◅
簟

⟊
槴

休
ꠑ

(s
ec

) 

┉簟⟊槴休ꠑ(min) 

◅
簟

⟊
槴

休
ꠑ

(s
ec

) 

┉簟⟊槴休ꠑ(min) 
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2.2 㲋䓪篾冽姻䔅 

ꃾ꥘䢦䐂氳 GC×GC 丘䩺篺 GC image 鯻♭㚲杼舅ⲁ燠⮇⺵⮵榫 NIST 剝固隮㎂䈑

㵒⺨荈隮㼉鲽车舅ⲁ压碠压碠篾冽舅ⲁ榟䡗㼉辑ն劯䩺乄昦䥊鷺塜⺸压碠注⛎䈲⽰⹛⺸

压碠注⛎䈲⮇⮷㛻◇ 800 ⽰ 900 休辑伺⴬⺭擻氳顏隮僗鰏냖氳ⵯ鿥䈲ն鵠鲋压碠篾冽鲽车

几䄄劭㵒僄⺵⪦ꈶ㲋⭴注⛎䈲⽰⹛⺸压碠注⛎䈲⮇⮷㛻◇ 800 ⽰ 900 氳⴬⺭擻 432 熨篾冽

鈷辑 1 ⽰辑 2ն 

辑 1. 戇憯յ懹憯⽰朅戇憯眷⴬⺭擻氳压⭴丘 

┘깴⽰䈲 Ω=0 Ω=1 Ω=2 

C6 1 1 0 

C7 2 1 0 

C8 4 4 0 

C9 5 6 0 

C10 10 5 1 

C11 8 7 2 

C12 7 5 2 

C13 6 14 2 

C14 16 3 3 

C15 25 3 0 

C16 17 4 1 

C17 19 3 0 

C18 18 7 0 

C19 20 9 0 

C20 18 10 0 

C21 11 6 0 

C22 7 4 0 

C23 7 2 0 

C24 4 3 0 

C25 4 0 0 

C26 1 0 0 

 

辑 2. 菑꺜憯⴬⺭擻氳压⭴丘 

No ⮇查䌋 㓹儗篾冘 压⭴丘 No. ⮇查䌋 㓹儗篾冘 压⭴丘 

1 C7H8 
 

1 14 C13H20 
 

3 
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2 C8H10 

 
4 15 C14H18 

 
1 

3 C9H10 

 
1 16 C14H22 

 
2 

4 C9H12 

 

6 17 C15H20 

 

1 

5 C10H12 
 

4 18 C15H24  1 

6 C10H14 

 
16 19 C10H8 

 
1 

7 C11H14 

 
12 20 C11H10 

 
2 

8 C11H16 

 

15 21 C12H12 
 

7 

9 C12H16 
 

20 22 C12H10 
 

1 

10 C12H18 
 

7 23 C13H10 
 

1 

11 C13H18 

 

12 24 C13H12 
 

5 

12 C13H14 
 

11 25 C14H14 

 

5 

13 C14H12 
 

2 26 C14H16 
 

11 

 

3篾阷 
榫䅻鈺氳GCMS㵒繁媧鲹熨㛄儷劫⿁鲽车㲋䓪⮇冫⚢✳䐂㛻㛢丘⴬⺭擻循┉簟刼┕⮇熊

鰏䄑⺱休㵒◇篾冘注鲤氳⴬⺭擻㍕⭴㼉休ꠑ䫙鲤荈隮㼉ꄆ┽ꄆ端嫏固漶㲋䓪縡噪
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◅簟GC×GC-qMS┚䅻鈺妰注荈隮注奃僗⮇鱂曎냖յ㼉㳋ꄈ㛻յ愓䷨䈲냖յ⮇冫鵮䈲䒍յ

仍⮇熊䷞䈒⽰椙撴䷞䈒璡⚝憠縡㹢孅㍌冓儼妰顏纭榫♙GCMS-QP2010 Ultra氳냖鵮䣴䬞䫝⯆

䤗儛ASSP耇㛫䬠❠냖鱳20000 u/sec氳䣴䬞鵮䈲⽰僄냖100Hz氳ꃾ劫겐曎⟊阾▽噪◅簟荈隮╈

㳑䈲䏭狸氳荈隮㼉氳僗䷞ꃾ꥘┦㍌冓儼顏隮压孾ꃾ꥘䐂⮽氳顏隮㎂┚剝固顏隮㎂僗催㞑

氳ⵯ鿥䈲⟊阾▽㲋䓪篾冽氳固漶䓪ն⮵榫GC×GC-qMS⮇冫㛄儷媧⿁⺎♔ꈶ㲋⭴催㛢氳擻顏

僗⮵◇催噪ꪫ㏐⮇冫㛄儷媧⿁氳⴬㰣䡗⮇ն 
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⪓◅簟妰注荈隮顏隮纭榫嫏⮇冫╈⛦峪拡扦媧篯⮇ 
䰕 金╈⛦裹拡扦媧╙拡憈⛦裹䇕꺒氳Ⱌ◲⿁佭冓⪭㛄儷氳僗儬⴬⺭擻岝⺭⛮ն儗乄ꃾ榫噪

◅簟妰注荈隮顏隮纭榫♙(GC×GC-qMS)㵒╈⛦裹拡扦媧篯⮇鲽车㲋䓪⮇冫⮵榫 NIST17 隮䈑

压碠⪦ꈶ㲋⭴顏隮注⛎䈲㛻◇ 800 ⽰⹛⺸压碠注⛎䈲㛻◇ 900 氳⴬⺭擻 238 熨ն篾冽辑伺

噪◅簟妰注荈隮鰏䅻鈺妰注荈隮僗催㛻氳㼉㳋ꄈյ催䍠氳⮇熊耇ⱱ⽰냖愓䷨䈲篾⺭㹢孅

GCMS-QP2010 Ultra ㍌冓儼妰顏纭榫♙氳 ASSP 냖鵮䣴䬞䤗儛耇㛫╙拡扦媧璡㛄儷媧⿁氳孾

㲋䬠❠固漶氳⮇冫篾冽ն 
⪩꜄陊噪◅簟  妰注荈隮顏隮纭榫♙  ╈⛦裹拡扦媧 

 

拡扦媧ⴎ䦮냖裹拡扦媧⽰╈⛦裹拡扦媧╈⛦裹拡扦媧佭拡憈篺500-900˳懷鉯䡝燢䇕

꺒䐂⮽氳Ⱌ◲⿁佭冓⪭㛄儷氳僗儬⴬⺭擻岝⺭⛮ն泘⯥╈⛦裹拡扦媧㛢逈䎎⢢措乢波䫙

ꛖす☢冓㵽鼨⮇逈⮇熊瞿⯆媆僗⩘⮇⹠䨅⪭♯⡬ն㞝冽耇☳⮇查姢䇖┕岑⪍▽鉯╈⛦裹拡

扦媧氳篯䡗篾冘僗Ⲃ◇⪭냖䷞⮇熊䫓㵖┉兣鴠⺭╈⛦裹拡扦媧냖ꡭ塑⡬յ㛢⩕⴬⮵榫氳鵎

䏧ն 

噪◅簟妰注荈隮GC×GC佭20┪篕90䇗创⹠㷤颯全氳┉熨⮇熊㛄儷岝⺭擻氳噪亍䣆夀

框䤧⮇熊儬杼┘⺱縡⹒注◎释环氳┼劯荈隮刼鵠鲋隀⯆䡝燢隀⯆鉯隀♔╏纭亡䌋鳀䫙

循┉颯氳◅簟妰注荈隮刼硍簊ն噪◅簟妰注荈隮奃俋鵠┉簟妰注荈隮僗⮇鱂曎催냖յ㼉㳋ꄈ

㛻յ愓䷨䈲㞑յ⮇冫鵮䈲䒍璡⚝憠ն泘⯥噪◅簟妰注荈隮䄖循괐⿁յ溍⴬◲⿁յ꺜瞿յ朅㗟

溿狓璡㛢╄겅㓊䐂⮽䈒榫ն 

儗㲓뀰㵨噪◅簟妰注荈隮顏隮纭榫嫏(GC×GC-qMS)䈒榫◇╈⛦裹拡扦媧氳⮇冫ն篾冽辑

伺GC×GC-qMS╙╈⛦裹拡扦媧䡗⮇氳⮇冫䬠❠▽䏭㞑氳䣆夀榫䢦䋧环氳亡嫏⺎♔ꪝ䅻甏

➘յ波鈸氳䐂⮽╈⛦裹拡扦媧䡗⮇氳篯䡗⟔䕜ն 

 

1㲓뀰鼨⮇ 
1.1 ♙ 

㹢孅噪◅簟妰注荈隮顏隮纭榫♙(GC×GC-qMS) 

1.2 ⮇冫兣♭  

GC兣♭ 

荈隮刼1SH-Rtx-1ms 

 (30 m × 0.25 mm × 0.25 µm) 

荈隮刼2BPX-50  

(2.5 m × 0.1 mm × 0.1 µm) 

刼裹爊䈌60 ˳_3 ˳/min_300 ˳(5 min) 

鲽劫⹾裹䈲300 ˳ 

鲽劫亡䌋⮇孲鲽劫 

⮇孲奃10:1 

鲽劫ꄈ1 μL 

隀⯆⼽僿6 sec 

懷ㅂ裹䈲350 ˳ 

懷ㅂ䧏簘休ꠑ350 msec 



 

MS兣♭ 

熊查⴬亡䌋EI 

熊查嶏裹䈲230 ˳ 

䫙⹾裹䈲260 ˳ 

巖⯘滑鳁休ꠑ3 min 

䣴䬞鵮䈲20000 amu/sec 

ꃾ꥘겐曎33 Hz 

ꃾ꥘亡䌋scan 

顏ꄈ葶㍴29~450 amu 

1.3 劫⿁⯆㚷 

㵨⛦裹拡扦媧糌◇1.5mL鲽劫㵸椿波䫙┕儬⮇冫ն 

 

2篾冽┚阥阷 
2.1 ╈⛦峪拡扦媧⭴㼉荈隮㎂ 

䏆⿏GC×GC⮇熊氳㍕碜╚金僗裹䈲յ㍾㲋注⽰刼⹇丘ն鵠䅻噪◅簟荈隮刼硍簊╚金 

僗┼㝄┉㝄佭ꪝ冓䓪-冓䓪⛮硍甏燢NP刼⛮硍⺁┉㝄佭冓䓪-ꪝ冓䓪⛮硍甏燢PN刼⛮硍ն

NP刼⛮硍ꃾ榫鰏Ꝛ氳յ尔腑鰏⸂氳ꪝ冓䓪刼⛼╙瑭┉刼篯⮇䧝媦憠냖⛦鲽车⮇熊鰏湿氳յ

尔腑鰏訅氳╈璡冓䓪䡝冓䓪刼⛼╙瑭◅刼篯⮇䧝㲇耇㍙䓪顏鲽车⮇熊篾⺭爊䈌ⶍ裹NP

刼⛮硍⺎♔㲓朆塜◬⮇熊նPN刼⛮硍ꃾ榫鰏Ꝛ氳յ尔腑鰏⸂氳冓䓪刼⛼╙瑭┉刼鰏湿氳յ尔

腑鰏訅氳ꪝ冓䓪䡝䍐冓䓪刼⛼╙瑭◅刼ն

 

 
 

㎂1. PN刼⛮硍╈⛦裹拡扦媧篯⮇GCXGC-qMS◅簟鯺䊑㎂ 
儗㲓뀰꺙⩝縓㴕▽PN刼⛮硍荈隮㎂㞝㎂1䢦鲨ն✳榫氳荈隮刼⟔䕜㞝┖荈隮刼1

SH-Rtx-wax (30 m × 0.25 mm × 0.25 µm)荈隮刼2BPX-1 (2.5 m × 0.1 mm × 0.1 µm)

鲽劫⹾裹䈲300 ˳ⶍ裹爊䈌40 ˳(2 min)_3 ˳/min_250 ˳(5 min)隀⯆⼽僿8.4 

secն☳㎂1⺎湳憯眷⴬⺭擻⺎♔鰏㞑㏐㲓朆⮇熊⛙佭菑꺜眷⴬⺭擻ꄆ鼨⮇鰏㛢䏆⿏

㲋䓪篾冽ն 

劯䩺╈⛦裹拡扦媧氳注⪩乄昦䥊鷺⪭篯⮇╈⻡姍⽰⻡姘僗儬⴬⺭擻佭⺭䡗⵴蕇յ刌

◅
簟

⟊
槴

休
ꠑ

(s
ec

) 

┉簟⟊槴休ꠑ(min) 
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乢յ剨耏⽰⫡蕇氳냖ꡭ塑⡬僗儬⴬㰣⿁ն╙▽✳⻡姍⽰⻡姘僗儬⴬⺭擻藜䐂催㞑氳⮇熊儗

㲓뀰鲸縓㴕▽NP刼⛮硍⭴㼉荈隮㎂㞝㎂2յ㎂3䢦鲨նꃾ榫NP刼⛮硍⮇冫╈⛦裹拡扦媧

催㛢氳菑꺜眷⴬⺭擻ⴎ䦮⻡姍յ⻡姘⴬⺭擻逈ꈶ㲋⭴全ն㍕塝儗㲓뀰鴲䦫NP刼⛮硍榫

◇╈⛦裹拡扦媧氳⮇冫㲓뀰⮇⮷縓㴕▽4 secյ6 sec⽰8.4 sec氳隀⯆⼽僿⹠朆隀⯆⼽僿

阻糌╙6 sec僄✞⛮⮇冫兣♭⹇縓1.2ն 
 

 
 

㎂2. NP刼⛮硍╈⛦裹拡扦媧篯⮇GCXGC-qMS◅簟鯺䊑㎂ 

 
㎂ 3. NP 刼⛮硍╈⛦裹拡扦媧篯⮇ GCXGC-qMS └簟鯺䊑㎂ 

2.2 㲋䓪压碠篾冽 

ꃾ꥘䐂⮽氳GC×GC丘䩺篺ZOEX⪝⺚氳GC image鯻♭㚲杼阻糌⺭鴠氳燠⮇兣♭舅

ⲁ燠⮇⺵⪦僗1800㛢╄㼉逈压⭴⮵榫NIST17剝固隮䈑㵒⺨荈隮㼉鲽车舅ⲁ压碠压碠

篾冽舅ⲁ榟䡗㼉辑ն劯䩺乄昦䥊鷺塜⺸压碠注⛎䈲⽰⹛⺸压碠注⛎䈲⮇⮷㛻◇800⽰900

┉簟⟊槴休ꠑ(min) 

◅
簟

⟊
槴

休
ꠑ

(s
ec

) 
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休辑伺⴬⺭擻氳顏隮僗鰏냖氳ⵯ鿥䈲ն㵨压碠篾冽鲽车几䄄劭㵒篾⺭乄昦╈㵒╈⛦裹

拡扦媧䡗⮇⮇冫氳䥊鷺僄⺵⪦ꈶ㲋⭴注⛎䈲⽰⹛⺸压碠注⛎䈲⮇⮷㛻◇800⽰900氳⴬⺭

擻238熨⪭⮇眷鈷辑1ն 
辑 1. GCXGC-qMS 㵒╈⛦裹拡扦媧㲋䓪篾冽⮇眷 

No. ⴬⺭擻⮇眷 㲋䓪篯⮇丘 
1 ⻡姍⴬⺭擻 63 
2 ⻡姘⴬⺭擻 33 
3 ⻡漰⴬⺭擻 4 
6 ⪭☽ 128 

╈⛦裹拡扦媧⪦ꈶ㲋⭴⻡姍⴬⺭擻 63 熨╚金╙戇㓹ꀂյ菑꺜ꀂյ戇㓹ꁣյꀨյꂊյ

葋䇜⼕モ⪭╈ 43 熨⻡姍⴬⺭擻⮇查䌋╈⻡ 1 ╄姍⸊查20 熨⮇查䌋╈⻡ 2 ╄姍⸊查⻡

姍⴬⺭擻氳⮇䄭㞝㎂ 4 䢦鲨⻡姘⴬⺭擻 33 熨╚金╙ㅄゎյ葋翿յ⻏ニյ⻮⿝յ葋肖յ

⽼少⻡漰⴬⺭擻 4 熨♔㊟⻛յ戇㓹漰䎬䒳㰇循⻡姘⽰⻡漰⴬⺭擻氳⮇䄭㞝㎂ 5 䢦鲨ն

╈⛦裹拡扦媧陣篱㲋䓪篾冽鈷辑 2ն 

 
 

㎂4. ⻡姍⴬⺭擻氳⮇䄭 

 
 

㎂5. ⻡姘⽰⻡漰⴬⺭擻氳⮇䄭 

篍荈Blob╙⻡姘⴬⺭擻յ簪荈Blob╙⻡漰⴬⺭擻 

◅
簟

⟊
槴

休
ꠑ

(s
ec

) 
◅

簟
⟊

槴
休

ꠑ
(s

ec
) 

┉簟⟊槴休ꠑ(min) 

┉簟⟊槴休ꠑ(min) 
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辑 2. ╈⛦裹拡扦媧㲋䓪篾冽 

㼉⺙ 
┉簟 

⟊槴休ꠑ(min) 
◅簟 

⟊槴休ꠑ(sec) 
⴬⺭擻⺳燢 CAS ⺙ ⮇查䌋 注⛎䈲 ⹛注⛎䈲 

1 52.70 4.50 2-葋㓹蚵 108-47-4 C16H12 858 940 
2 7.20 0.42 榻葋 108-88-3 C7H8 913 955 
3 12.40 1.71 漰ꀂ 108-98-5 C6H6S 907 920 
4 26.80 1.38 2-ⶇ┉ꀨ 112-12-9 C11H22O 805 927 
5 18.20 0.69 ⶇ┉ꁣ 112-42-5 C11H22O 897 922 
6 16.80 2.04 2-洁㓹榻葋 137-06-4 C7H8S 885 922 
7 51.40 4.62 2-榻㓹蠤 613-12-7 C15H12 871 926 
8 66.90 1.80 ◅ⶇ┍ꁣ 2004-39-9 C27H56O 901 906 
9 30.70 3.12 6-榻㓹蒟席-4-ꁣ 20294-32-0 C10H12O 865 958 

10 29.90 3.30 5-榻㓹-ㅄゎ 7661-55-4 C10H9N 857 930 

11 15.00 1.98 
3,4-◅榻㓹-2-朅䡏

懹-1-ꀨ 
30434-64-1 C7H10O 896 913 

12 18.60 1.98 2-榻㓹-葋䇜⼕モ 4265-25-2 C9H8O 894 925 
13 19.80 2.34 2,3-朅䡏懹䇜⻏ニ 533-37-9 C8H9N 808 920 
14 26.10 3.54 蒟ꀨ 83-33-0 C9H8O 941 948 

15 31.80 3.21 
5-紦㓹-2-榻㓹葋䇜

⼕モ 
6769-56-8 C9H8O2 860 904 

16 43.90 4.47 㵒葋㓹葋ꀂ 92-69-3 C12H10O 886 916 
17 41.80 3.78 姍儷蠤 92-83-1 C13H10O 885 929 
18 16.50 2.40 葋▁ꀨ 98-86-2 C8H8O 817 905 
19 13.90 0.54 1-氣懹 872-05-9 C10H20 915 917 
20 69.20 1.86 9-◅ⶇ⪠懹 71502-22-2 C26H52 815 943 

㚷嫱㍕疟䆋䢦꡿☢⮜⭴ 20 熨⴬⺭擻 

 

3篾阷 
┚䅻鈺妰注荈隮-顏隮⮇冫注奃GC×GC 僗⮇鱂曎냖յ㼉㳋ꄈ㛻յ愓䷨䈲냖յ⮇冫

鵮䈲䒍璡⚝憠縡㹢孅㍌冓儼妰顏纭榫♙ GCMS-QP2010 Ultra 氳냖鵮䣴䬞䫝⯆䤗儛 ASSP

耇㛫䬠❠냖鱳 20000 u/sec 氳䣴䬞鵮䈲⽰僄냖 100Hz 氳ꃾ劫겐曎⟊阾▽噪◅簟荈隮╈㳑

䈲䏭狸氳荈隮㼉氳僗䷞ꃾ꥘┦㍌冓儼顏隮压孾ꃾ꥘䐂⮽氳顏隮㎂┚剝固顏隮㎂僗催㞑

氳ⵯ鿥䈲⟊阾▽㲋䓪篾冽氳固漶䓪ն⮵榫 GC×GC-qMS ⮇冫╈⛦裹拡扦媧⺎♔ꈶ㲋⭴催

㛢氳擻顏僗⮵◇催噪ꪫ㏐ꈶ㲋╈⛦裹拡扦媧氳⴬㰣䡗⮇╙㵖䤓╈⛦裹拡扦媧╈냖ꡭ塑⡬

氳⴬㰣⿁䬠❠❤䩺䬠ⶍ╈⛦裹拡扦媧氳⮵榫♯⡬ն 
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⪓◅簟妰注荈隮顏隮纭榫嫏┚⪓◅簟妰注荈隮嫏㵒氫媧劫⿁⮇

冫㵒奃 
䰕 金儗乄⮇⮷ꃾ榫噪◅簟妰注荈隮顏隮纭榫嫏(GC×GC-qMS)⽰噪◅簟妰注荈隮藏愂扸熊

查压孾嫏GCxGC-FID㵒氫媧劫⿁鲽车ꃾ꥘⩝⮵榫 MS 丘䩺鲽车 NIST17 隮䈑压碠䇜⮵

榫噪◅簟氳椙撴䷞䈒㵨紮㼉鲽车▽⮇眷抆⺵⫋劯䩺 MS ⮇紮㵒妰注 FID 丘䩺鲽车㚲杼ն篾

冽辑伺☳⮇冫亡嫏全洇榺◇ FID 压孾⭴⹾始ⱱ╙㛻妰始㵗舚⭴㼉鵮䈲⹩䜈⪭隀⯆

鉯隀⼽僿꧎金催Ꝛ☳⮇冫篾冽全洇榺◇院媧⿁僄㛻澠丘╙ C23顏隮压孾塣鈼䷞䈒┘

伺简┼縖氳ⶐ㲋ꄈ⮇冫篾冽䄑䋳┘伺简ն  
⪩꜄陊噪◅簟 氫媧 ⶐ㲋ꄈ⮇冫 MS  FID 

 

⚩簊氳溍媧⮇冫╚金❤ꪣ┉簟妰注յ妰顏㵒劫⿁鲽车⮇冫ն妰顏压孾循⢢㲋ꄈ⮇冫

休⺎♔✳榫䬠⹧熊查璡亡䌋㵨戇憯յ┘깴⽰懹憯朅戇憯⽰菑꺜憯鲽车⮇䋯㲋ꄈ⺎♔꡹⛦㵒

妰注荈隮⮇熊䷞冽氳金姳ն⛙佭妰顏压孾榺◇㵒냖顏ꄈ丘氳憯眷僗顏ꄈ丘塣鈼䷞䈒㵗

舚注⺱宆䈲냖顏ꄈ丘氳憯眷⿏䈒鰏⛦顏ꄈ丘䄑䋳鰏㛻縡妰注FID压孾氳塣鈼䷞䈒鰏㵸

㵒顏ꄈ丘㳑氳劫⿁氳㲋ꄈ⮇冫催僗⚝ⲡ䢦♔循溍媧劫⿁⮇冫休劯䩺劫⿁攑䓪┼熨压孾亡嫏

䇜车ն 

噪◅簟妰注荈隮GC×GC佭20┪篕90䇗创⹠㷤颯全氳┉熨⮇熊㛄儷岝⺭擻氳噪亍䣆

夀框䤧⮇熊儬杼┘⺱縡⹒注◎释环氳┼劯荈隮刼鵠鲋隀⯆䡝燢隀⯆鉯隀♔╏纭亡

䌋鳀䫙循┉颯氳◅簟妰注荈隮刼硍簊ն噪◅簟妰注荈隮奃俋鵠┉簟妰注荈隮僗⮇鱂曎催

냖յ㼉㳋ꄈ㛻յ愓䷨䈲㞑յ⮇冫鵮䈲䒍璡⚝憠ն泘⯥噪◅簟妰注荈隮循溍媧劫⿁氳⮇冫╈

╚金鲸♔⮇熊յ㲋䓪╙╚㍕縡GCxGC-qMS氳䈒榫催㛢縡GCxGC-FID䈒榫鰏㵽ն 

儗㲓뀰⮇⮷ꃾ榫噪◅簟妰注荈隮顏隮纭榫嫏(GC×GC-qMS)⽰噪◅簟妰注荈隮藏愂扸熊

查压孾嫏GCxGC-FID㵒氫媧劫⿁鲽车ꃾ꥘⩝⮵榫MS丘䩺鲽车NIST17隮䈑压碠䇜⮵榫

噪◅簟氳椙撴䷞䈒㵨紮㼉鲽车▽⮇眷抆⺵⫋劯䩺MS⮇紮㵒妰注FID丘䩺鲽车㚲杼ն抆⺵☳

亡嫏⹇丘阻㲋⽰ⶐ㲋ꄈ篾冽㵒┼熨亡嫏鲽车▽奃鰏⮇冫ն 

 

1㲓뀰鼨⮇ 
1.1 ♙ 

㹢孅噪◅簟妰注荈隮顏隮纭榫♙(GC×GC-qMS鿥 FID) 

1.2 ⮇冫兣♭ 

噪◅簟妰注荈隮GC×GC-qMS⮇冫兣♭ 

GC 兣♭ 

荈隮刼 1InertCap Pure Wax 

 (30 m × 0.25 mm × 0.25 µm) 

荈隮刼 2BPX-5 

 (2.7 m×0.1 mm×0.1 µm) 
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刼裹爊䈌 

40˳(2 min)_2˳/min_250˳(5min) 

鲽劫⹾裹䈲250 ˳ 

隀⯆⼽僿8.4 sec 

鲽劫亡䌋⮇孲鲽劫  

⮇孲奃301 

鰉妰䫝⯆嘗䌋䔩始220.8 kPa 

MS 兣♭ 

熊查⴬亡䌋EI 

熊查嶏裹䈲230 ˳ 

䫙⹾裹䈲250˳ 

鲽劫ꄈ1 μL 

ꃾ꥘겐曎33Hz 

巖⯘滑鳁休ꠑ3 min 

ꃾ꥘亡䌋scan 

顏ꄈ葶㍴29~450 amu 

噪◅簟妰注荈隮GCxGC-FID⮇冫兣♭ 

GC 兣♭ 

荈隮刼 1InertCap Pure Wax 

 (30 m × 0.25 mm ×0.25 µm) 

荈隮刼 2BPX-5  

(2. 7 m × 0.1 mm × 0.1 µm) 

刼裹爊䈌 

40˳(2min) _ 2˳/min _ 250˳(5min) 

鲽劫⹾裹䈲250 ˳ 

隀⯆⼽僿10.0 sec 

鲽劫亡䌋⮇孲鲽劫 ⮇孲奃301 

鰉妰䫝⯆嘗䌋䔩始321.8 kPa 

FID 兣♭ 

ꃾ劫曎4 ms250 Hz 

帱嫧䅻丘4 ms 

压孾裹䈲250 ˳ 

藏妰孲ꄈ40 mL/min 

狝妰孲ꄈ400 mL/min 

㶾⻻孲ꄈ30 mL/min 

1.3 劫⿁⯆㚷 

⹧氫媧劫⿁ 10 μL 塑⪍⮽ 1 mL 塜䄕戇巖尔╈ն糌◇ 1.5 ml 鲽劫㵸椿ꄅ波䫙┕儬⮇

冫ն 

 

2篾冽阥阷 
2.1 氫媧劫⿁⭴㼉隮㎂ 

䏆⿏GC×GC⮇熊氳㍕碜╚金僗裹䈲յ㍾㲋注⽰刼⹇丘ն鵠䅻噪◅簟荈隮刼硍簊╚金

僗┼㝄┉㝄佭♔鰏Ꝛ氳䡝縖尔腑鰏⸂氳ꪝ冓䓪刼⛼╙瑭┉刼篯⮇䧝媦憠냖⛦鲽车⮇熊

♔鰏湿氳䡝縖尔腑鰏訅氳╈璡冓䓪䡝冓䓪刼⛼╙瑭◅刼篯⮇䧝㲇耇㍙䓪顏鲽车⮇熊篾⺭

爊䈌ⶍ裹⺎♔㲓朆塜◬⮇熊鲹㝄荈隮刼逈燢╙ꪝ冓䓪-冓䓪⛮硍甏燢NP刼⛮硍⺵榫

塝甏⫞ն循媧⿁⮇冫╈NP⛮硍耇㛫鰏㞑氳⮇熊┘깴⽰氳菑꺜憯篯⮇縡㵒깴⽰戇憯⽰朅

戇憯⮇熊䷞冽鰏䄑ն⺁┉㝄佭♔鰏Ꝛ氳䡝縖尔腑鰏⸂氳冓䓪刼⛼╙瑭┉刼篯⮇⮇䄭⺱休⹨

媦憠⽰㲇耇㍙䏆⿏♔鰏湿氳䡝縖尔腑鰏訅氳ꪝ冓䓪䡝䍐冓䓪刼⛼╙瑭◅刼篯⮇䧝媦憠鲽

车⮇熊ն鲹㝄荈隮刼逈燢╙冓䓪-ꪝ冓䓪⛮硍甏燢PN刼⛮硍⺵榫塝甏⫞ն榺◇氫媧劫

⿁╈菑꺜憯䡗⮇注㵒鰏㵽縡戇憯⽰朅戇憯䡗⮇鰏㛢䢦♔儗乄ꃾ榫▽瑭◅㝄PN刼⛮硍鲽
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车⮇熊孾陒ն 

 

 
 

㎂1. 氫媧劫⿁氳噪◅簟妰顏纭榫GCxGC-qMS荈隮㎂ 

 
 

㎂2. 氫媧劫⿁氳噪◅簟妰注GCxGC-FID荈隮㎂ 

㎂1յ㎂2⮇⮷╙顏隮⽰妰注FIDꃾ꥘氳噪◅簟隮㎂☳荈隮㎂⮇䄭全洇┼熨压孾㵒

┘⺱⴬⺭擻氳⿏䈒⡬注㵒奃❇媆僗伺简氳䄑䋳ն 

榺◇䡘♜氳鰉妰䫝⯆嘗䌋榫氳佭䔩始嘗䌋妰注亡嫏荈隮刼⭴⹾始ⱱ╙㛻妰始縡妰顏

亡嫏荈隮刼⭴⹾始ⱱ╙洡狝䢦♔┼縖鲽劫⹾氳始ⱱ⡬█⢢▽┉╄䄑䋳⴬阻糌妰注亡嫏氳

鲽劫⹾始ⱱ╙321.8 kPa妰顏亡嫏氳鲽劫⹾始ⱱ╙220.8 kPa┼縖注䄑101 kPa篑╙┉

╄㛻妰始鲹劫⟊阾┼熨压孾亡嫏刼始䄑㓹儗┉舚ն⛙佭㲓ꡮ劫⿁压孾休⹠朆妰注亡

嫏꧎金㵨隀⯆鉯隀⼽僿隀丞舘10 s妰顏亡嫏氳隀⯆鉯隀⼽僿╙8.4 s䣉耇⟊阾◅簟⭴㼉休

ꠑ鰏侪氳䋳冘戇憯┘⚢⹠榟狪鵁朆霅ն 

辑1♔塜冘戇憯⛼╙⹇拨奃鰏┼熨亡嫏氳⭴㼉休ꠑ䄑䋳ն☳辑劲╈⺎♔洇⭴豓抆

䡘♜循刼始䄑┕⢢▽⟤塜⛙┘阷佭┉簟⟊槴休ꠑ鲸佭◅簟⟊槴休ꠑ⺱┉⴬⺭擻妰注亡嫏

氳⭴㼉休ꠑ䔅佭奃妰顏亡嫏氳⭴㼉休ꠑ金侪ն縡┦┉簟⟊槴休ꠑ簈㵒䄑⡬循鵄峀㘍㛻⛙

┉簟⟊槴休ꠑ(min) 

┉簟⟊槴休ꠑ(min) 
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佭注㵒䄑⡬ⷌ循⬵㵸ն⺁㛚♔C13⭴㼉休ꠑ憠╙⮇槡篪榺◇C10-C13㚲循◅簟隮㎂氳璡

裹篪⵲㓊isothermal hook⪭⟊槴休ꠑ䄑䋳氳⹩⴬䆋䈲鰏㛻⺵簘C13-C23⛤◇爊䈌

ⶍ裹氳䇖䅠⵲㓊⪭⟊槴休ꠑ䄑䋳氳⹩⴬䆋䈲⬵㵸飊◇牔㲋ն榺◇◅簟⟊槴休ꠑ儗骱鰏湿

氳籃䷚鲹┉朆霅循◅簟⟊槴休ꠑ⹩⴬飊ⲡ┕简䐂催╙伺简榗舘☳C18䋯㡏⺵簘澠丘◅

簟⟊槴休ꠑ氳簈㵒䄑⡬⹛縡籔㵸▽ն 
辑1. 妰注亡嫏⽰妰顏亡嫏塜冘戇憯⟊槴休ꠑ䄑䋳辑 

⴬⺭擻 

⺳燢 

┉簟⟊槴休ꠑ/ min ◅簟⟊槴休ꠑ/ sec 

FID MS 
簈㵒 

䄑⡬* 

注㵒 

䄑⡬%* 
FID MS 

簈㵒 

䄑⡬* 

注㵒 

䄑⡬%* 

C10 11.76 9.67 2.09 9.77 4.16 4.05 0.11 1.39 
C11 16.94 14.50 2.44 7.76 6.18 5.58 0.60 5.07 
C12 23.10 20.17 2.93 6.78 7.55 6.48 1.07 7.64 
C13 29.82 26.83 2.99 5.27 8.19 6.96 1.23 8.11 
C14 36.68 33.33 3.35 4.78 8.36 6.96 1.40 9.14 
C15 43.12 39.83 3.29 3.96 8.26 6.87 1.39 9.16 
C16 49.28 46.00 3.28 3.44 7.92 6.45 1.47 10.23 
C17 55.16 51.83 3.33 3.11 7.64 6.24 1.40 10.09 
C18 60.76 57.33 3.43 2.90 7.65 6.03 1.62 11.85 
C19 66.08 62.67 3.41 2.65 7.43 5.97 1.46 10.91 
C20 71.26 67.83 3.43 2.46 7.19 5.76 1.43 11.03 
C22 80.64 77.17 3.47 2.20 7.13 5.73 1.40 10.90 
C22 76.02 72.67 3.35 2.26 7.09 5.73 1.36 10.62 
C23 85.12 81.67 3.45 2.07 6.98 5.67 1.31 10.33 
*簈㵒䄑⡬=⟊槴休ꠑ(FID)˒⟊槴休ꠑ(MS)注㵒䄑⡬=簈㵒䄑⡬/ք⟊槴休ꠑ(FID)+⟊槴休ꠑ(MS))/2օ 

 
 

㎂3. 氫媧劫⿁氳噪◅簟妰顏纭榫GCxGC-qMS荈隮㎂ 

 

◅
簟

⟊
槴

休
ꠑ


se

c
 

┉簟⟊槴休ꠑ(min) 
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㎂4. 氫媧劫⿁戇憯յ朅戇憯⽰菑꺜憯眷⴬⺭擻氳⮇䄭 

♔妰顏孾ꄈ媧⿁╙❇劯䩺◅簟⟊槴休ꠑ䄑䋳篾⺭顏隮㎂┕攑䏣潨撴熊查璡⹇丘䧝拨

┘깴⽰䈲☳0-7❤埠鵉㘍氳亡䌋㵨⺨篯⮇循䡘♜噪◅簟㲓뀰兣♭┖氳⮇䄭鲽车▽⮇眷ն 

㞝㎂4䢦鲨榺◇氫媧劫⿁䡗⮇奃鰏㛄儷┦┘⺱仍⴬⺭擻氳冓䓪┘⺱䢦♔㎂4䢦

鲨氳隮㎂逈伺简氳⮕⮇╙㛢╄┘⺱氳⵲㓊榺◇瑭◅劯荈隮刼ꃾ榫䍐冓䓪刼䢦♔循瑭◅簟

⟊槴休ꠑ飉Ꝛ氳擻顏⪭冓䓪飉䍐◇佭循◅簟䇖ꪫ┕冓䓪榺⛦⮽냖❤埠佭ꛔ戇憯յ朅戇憯

⽰菑꺜憯ն縡⺱╙朅戇憯⹒⮇╙┉╄朅⽰㛢╄朅氳敯䒳ꢝ▽◅簟⟊槴休ꠑ┕氳䄑䋳♔㛚

循║槡⛤糌鲸꧎金篾⺭顏隮㎂氳攑䏣潨撴鲽车⮇鱂奃㞝塜冘戇憯氳攑䏣潨撴僗m/z=57

縡┉╄朅氳朅戇憯氳攑䏣潨撴佭m/z=55յ83┼╄朅氳朅戇憯氳攑䏣潨撴僗m/z=55յ81

璡ն 

䫙┖全䡘♜鵠鲋ZOEX⪝⺚氳GC image鯻♭㚲杼舅ⲁ燠⮇⺵⺎♔隀丞燠⮇⹇丘䡝縖

䣆ⲁ燠⮇㵨䢦꧎⮇冫氳㼉鲽车燠⮇ն㵒泘剝㼉鲽车㲋䓪յ㲋ꄈ⮇冫ն 

2.2 㲋ꄈ篾冽姻䔅┚奃鰏 

ꃾ꥘注⺱宆䈲氳岝⺭剝固塜冘戇憯劫⿁䢦䐂氳 GC×GC 丘䩺篺 GC image 鯻♭㚲杼

舅ⲁ燠⮇⺵䐂⮽┘⺱澠丘塜冘戇憯循顏隮┕氳⿏䈒㼉⛮燠ն꺙⩝䧝拨⪝䌋 1 阞畀┘⺱澠丘塜

冘戇憯氳㼉⛮燠 VCi ⶭ䔅⛮燠 ΣVCi 氳氬⮇奃䐂⮽┘⺱澠丘氳戇憯循顏隮⿏䈒┕氳䄑䋳

⛼╙┘⺱澠丘氳憯循顏隮┕氳⿏䈒㍕查 Ci 䇜♔鲹╄劆塜㍕查 Ci ⟤塜┼╄媧⿁循噪◅簟妰顏

┕氳⛮燠 VCi 䐂⮽劆塜⺵氳⛮燠 V’Ci ն嫱榫塝嫏⟤塜랸阡注⺱宆䈲注⺱澠丘氳戇憯յ

朅戇憯⽰菑꺜憯循顏隮压孾┕氳⿏䈒注⺱ն抆⺵榫劆塜⺵氳⛮燠ꃾ榫⛮燠䎍┉⴬嫏䐂

⮽┘⺱澠丘♔⹖┘⺱熨眷⴬⺭擻ⶭ丞╄媧⿁氳氬⮇⻡ꄈն辑 2 佭┼熨┘⺱ꃾ꥘亡嫏┖┘⺱澠

丘ⶭ丞╄媧⿁氳氬⮇奃ն辑 3 佭┼熨亡嫏┖┘⺱䡗⮇ⶭ丞╄媧⿁氳氬⮇奃ն 

Ci = VCi/ΣVCi 1 

V’Ci = VCi /Ci 2
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┉簟⟊槴休ꠑ(min) 
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辑 2. 氫媧媧⿁┘⺱澠丘⮇䄭氬⮇奃qMS v.s. FID 

澠丘 
劆塜⛮燠氬⮇奃% 

qMS FID 

C10 0.13  0.03 

C11 1.23  0.35 

C12 4.58  3.98 

C13 16.67  18.12 

C14 30.20  32.65 

C15 25.30  28.96 

C16 15.39  12.86 

C17 5.51  2.56 

C18 0.35  0.32 

C19 0.17  0.11 

C20 0.13  0.03 

C21 0.22  0.02 

C22 0.08  0.02 

C23 0.05  0.01 
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辑 3. 氫媧劫⿁┘⺱䡗⮇⮇䄭氬⮇奃qMS v.s. FID 

⴬⺭擻熨眷 ┘깴⽰䈲 
qMS FID 

劆塜氬⮇奃 劆塜氬⮇奃 劆塜氬⮇奃 劆塜氬⮇奃 

塜冘戇憯 
0 

5.82 5.82 1.36 1.36 

䋳冘戇憯 27.56 27.56 30.25 30.25 

朅戇憯 

1 30.84 

57.10 

22.90 

65.22 2 19.30 27.90 

3 6.96 14.43 

⶝菑꺜憯 

4 6.11 

9.43 

3.00 

3.17 5 3.08 0.16 

6 0.24 0.02 

⹙菑朅 7 0.09 0.09 0.01 0.01 

 
 

☳辑◅⽰辑└氳篾冽全洇豓抆┼╄亡嫏循⴬⺭擻⭴㼉休ꠑ┕㰇循┉㲋氳䄑⮷端阷佭

顏隮压孾鲸佭FID压孾┼篯丘䩺循澠丘⮇䄭♔⹖篯⮇⮇䄭┕齉媆僗伺简氳䄑䋳ն鲹╄

⺎耇氳⸊㍕佭顏隮㵒媧⿁压孾氳塣鈼╚金⹠榟循냖顏ꄈ丘珸塝氫媧劫⿁僄냖澠丘╙C23

☳辑4┘⺱澠丘塜冘戇憯氳循顏隮⽰FID┕⿏䈒㍕查全洇┼╄压孾㵒塝葶㍴⫂氳澠丘齉媆

僗伺简氳塣鈼䷞䈒նն縡┦儗乄䎍┉⴬嫏榫┘⺱澠丘塜冘戇憯氳⿏䈒㵒⪭☽㼉⛮燠鲽车▽䎍

┉⴬劆塜⬵㵸▽榺◇⿏䈒塣鈼㵒㲋ꄈ篾冽氳䏆⿏ն鲹陱伺循澠丘⛦◇23氳媧⿁⮇冫╈

顏隮压孾循㲋䓪┕注㵒◇FID压孾僗簈㵒⚝ⲡ⺱休⪭㲋ꄈ篾冽┚FID压孾篾冽奃鰏█

媆僗伺简氳ⱺⲡն 
辑 4. 塜冘戇憯循┘⺱压孾┕氳⿏䈒㍕查辑  

C10 C11 C12 C13 C14 C15 C16 C17 C18 C19 C20 C21 C22 C23 

qMS 6.31 5.73 6.47 6.24 6.53 6.41 6.25 6.21 6.77 6.65 6.48 6.56 6.10 6.51 

FID 6.09  6.18  6.42  6.48  6.59  6.54  6.50  6.50  6.38  6.21  6.09  6.02  5.95  6.20  
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3篾阷 
噪◅簟妰注荈隮循溍媧劫⿁氳⮇冫╈╚金鲸♔⮇熊յ㲋䓪╙╚㍕縡GCxGC-qMS氳䈒

榫催㛢縡GCxGC-FID䈒榫鰏㵽ն儗乄鵠鲋✳榫┼熨亡嫏㵒⺱┉氫媧劫⿁鲽车⮇冫奃鰏┼

熨亡嫏循亡嫏⹇丘յ⽰丘䩺㲋ꄈ篾冽╯ꠑ鲽车奃鰏ն꺙⩝榺◇┘阷佭┉簟⟊槴休ꠑ鲸佭◅

簟⟊槴休ꠑ⺱┉⴬⺭擻妰注亡嫏氳⭴㼉休ꠑ䔅佭奃妰顏亡嫏氳⭴㼉休ꠑ金侪⺁㛚端阷

佭顏隮压孾鲸佭FID压孾┼篯丘䩺循澠丘⮇䄭♔⹖篯⮇⮇䄭┕齉媆僗伺简氳䄑䋳ն鲹

陱伺循澠丘⛦◇23氳媧⿁⮇冫╈顏隮压孾循㲋䓪┕注㵒◇FID压孾僗簈㵒⚝ⲡ⺱休

⪭㲋ꄈ篾冽┚FID压孾篾冽奃鰏█媆僗伺简氳ⱺⲡն 

 






