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Ⱬ◐◘☺ⱡfi ─  

 

 

1.  

 Ⱬ◐◘☺ⱡfi│⁸ ─ ⌐ ™╠╣╢♩ꜞ▪☺ⱡfi ≢№╡⁸

│⁸ ─ ⌐╟╢ ≤↕╣≡™╢⁹ ┘ ≢│▪ꜟⱨ

□ꜟⱨ□⁸Ⱪꜟכⱬꜞ⁸כⱤ▬♫♇ⱪꜟ ╩ ⌐ ↕╣≡™╢⁹ ≢│ ─

─ⱳ☺♥▫Ⱪꜞ☻♩ ⌐ ╩ ≤⇔≡ ⅜ ↕╣√ 1⁹

│ ╩ ≤⇔√Ⱬ◐◘☺ⱡfi Ⱬ◐◘☺ⱡfi⁸ B

┘ F ─ │⁸Ⱬ◐◘☺ⱡfi⁸ B⁸ C ┘ F ─ ╩

⇔√⁹ 

 

2. ─ ┘  

 Ⱬ◐◘☺ⱡfi 

 

 

 

 

 

C12H20N4O2 

252.31 

IUPAC 3-◦◒꜡Ⱬ◐◦ꜟ- 6-☺ⱷ♅ꜟ▪Ⱶⱡ- 1-ⱷ♅ꜟ- 1,3,5 -♩ꜞ▪☺fi

- 2,4(1 H,3 H ) -☺○fi 

CAS 51235- 04- 2 

⁸  

116- 120ϴ 

⁸◄♃ⱡכꜟ ┘▪☿♩fi⌐ ↑╢⁹  

 

 Ⱬ◐◘☺ⱡfi B 

 

 

                                                                             

 

 

C11H18N4O2 

238.29 

IUPAC 3-◦◒꜡Ⱬ◐◦ꜟ- 6-ⱷ♅ꜟ▪Ⱶⱡ- 1-ⱷ♅ꜟ- 1,3,5 -♩ꜞ▪☺fi

- 2,4- (1H,3 H ) -☺○fi 

CAS 56611- 54- 2 

⁸  

ⱷ♃ⱡכꜟ⌐ ↑⁸ ⁸◄♃ⱡכꜟ ┘▪☿♩fi⌐ ↑⌂™⁹  
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 Ⱬ◐◘☺ⱡfi C 

 

 

 

 

 

C11H18N4O3 

254.2 9 

IUPAC 3- (4-ⱥ♪꜡◐◦◦◒꜡Ⱬ◐◦ꜟ) - 6-ⱷ♅ꜟ▪Ⱶⱡ- 1-ⱷ♅ꜟ- 1,3,5 -♩ꜞ

▪☺fi- 2,4- (1H,3 H ) -☺○fi 

CAS 72585- 88- 7 

⁸  

255 ϴ dec.  

⌐ ↑⁸◄♃ⱡכꜟ ┘▪☿♩fi⌐╒≤╪≥ ↑⌂™⁹  

 

 Ⱬ◐◘☺ⱡfi F 

 

 

 

 

 

C10H16N4O2 

224.26 

IUPAC 3-◦◒꜡Ⱬ◐◦ꜟ- 6-▪Ⱶⱡ- 1-ⱷ♅ꜟ- 1,3,5 -♩ꜞ▪☺fi- 2,4 - (1H,3 H ) -

☺○fi 

CAS 56611- 55- 3 

⁸  

N,N-☺ⱷ♅ꜟⱱꜟⱶ▪Ⱶ♪⌐ ↑⁸◄♃ⱡכꜟ ┘▪☿♩fi⌐╒≤╪≥

↑⌂™⁹  

 

https://www.siyaku.com/  
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3.  

 

 

 

1   

─ ⁸ ─ ⁸ ─ ┘ ─ │ ─ ≢ ⇔√⁹ 

1 ─  

╩ ╡ ™√ ⁸  Ɽ♫♁♬♇◒ ☻Ⱨכ♪◌

-MKכ♃♇ K77╩ ™≡ ⇔√⁹ 

2 ─  

╩ ╡ ™√ ⁸  Ɽ♫♁♬♇◒ ☻Ⱨכ♪◌

-MKכ♃♇ K77╩ ™≡ ⇔√⁹ 

3 ─  

   Ɽ♫♁♬♇◒ ☻Ⱨכ♃♇◌♪כMK- K77╩ ™≡

⇔√⁹ 

4 ─  

  ╩∕─╕╕ ⇔√⁹ 

 

2 ה  

Ⱬ◐◘☺ⱡfi 98 ⁸ 116 120ϴ  

Ⱬ◐◘☺ⱡfi B 98  

Ⱬ◐◘☺ⱡfi C mixture of isomer 98 ⁸ 255ϴ dec.

 

Ⱬ◐◘☺ⱡfi F 98  

(ppm)
─ 0.5
─ 0.5

∕─ ─ ⌐ ∆╢ ─ 0.5
─ 0.1
─ 0.1

∕─ ─ ⌐ ∆╢ ─ 0.1
─ 4
─ 4

∕─ ─ ⌐ ∆╢ ─ 4
─ 4
─ 4

∕─ ─ ⌐ ∆╢ ─ 4
─ 4
─ 4

∕─ ─ ⌐ ∆╢ ─ 4
11
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▪☿♩♬♩ꜞꜟ⁸n-Ⱬ◐◘fi ┘

 

ⱷ♃ⱡכꜟ LC/MS ┘  

LC/MS ┘  

▪fi⸗♬►ⱶ  

╤ ╤ No.5A⁸ 110 mm  

♩ꜞⱷ♅ꜟ▪Ⱶⱡⱪ꜡Ⱨꜟ◦ꜞꜟ ◦ꜞ◌◕ꜟ/◄♅꜠fi☺▪Ⱶfi- N-ⱪ꜡Ⱨꜟ◦ꜞꜟ

◦ꜞ◌◕ꜟ Ⱶ♬◌ꜝⱶ SIGMA- ALDRICH Supelclean SAX/PSA500 mg/500 mg⁸

6 mL SAX/PSAⱵ♬◌ꜝⱶ≤∆╢ ╩№╠⅛∂╘▪☿♩♬♩ꜞꜟ 10 mL≢◖fi♦

▫◦ꜛ♬fi◓⇔√ ⁸ ™√⁹ 

Ⱬ◐◘☺ⱡfi ⁸ B ⁸ C ┘ F

10.0 mg╩ ⌐ ⇔⁸ⱷ♃ⱡכꜟ⌐ ⇔≡ 1,000 mg/L ╩ ⇔√⁹ 

╩ ⇔√ ⁸ⱷ♃ⱡכꜟ≢ ⇔≡ 0.0125 mg/L⁸

0.025 mg/L⁸0.5  mg/L⁸5 mg/L⁸40 mg/L⁸110 mg/L─ ╩ ⇔√⁹ 

╩ⱷ♃ⱡכꜟ≢ ⇔⁸0.0001 0.825 

mg/L─ ╩ ⇔√⁹ 

 

3  

ⱱ⸗☺♫▬◙כ ►ꜟ♩ꜝ♃ꜝ♇◒☻ T25♦☺♃ꜟ⌐◦ꜗⱨ♩☺▼Ⱡ꜠כ♃כS25N- 18G

╩ IKA  

☻Ⱨכ♃♇◌♪כ MK- K77  Ɽ♫♁♬♇◒  

ꜚ♬Ᵽכ◘ꜟ 5930  

◄Ᵽⱳ꜠כ♃כ N- 1000 ⁸ ⱳfiⱪ FTP- 34A AGC

♥◒ⱡ◓ꜝ☻ ⁸ ◖fi♩꜡כꜝ NVC- 2100 כ◒⁸

ꜞfi◓◦☻♥ⱶ CA- 112  

 

LC- MS/MS 

      

MS LCMS- 8040  

LC 
Prominence ◓ꜝ☺◄fi♩◦

☻♥ⱶ  
 

ⱳfiⱪ LC- 20AD  

-DGU כ◘♇●♦  20A  

 ▬fi☺▼◒♃כ SIL- 20AC  

 ◦☻♥ⱶ◖fi♩꜡כꜝ CBM- 20A  

 ◌ꜝⱶ○כⱩfi CTO- 20A  

♃כ♦  LabSolution   
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4  

LC- MS/MS 

LC  

◌ꜝⱶ 
Inertsil ODS - 4  2.1 mm⁸ ↕ 150 mm⁸ 3 µm

☻fi◄▬◘ꜟ◄כ☺  

mL/min  0.20  

µL  5 

◌ꜝⱶ ϴ  40 

 
A 5 mmol/L ▪fi⸗♬►ⱶ  

B 5 mmol/L ▪fi⸗♬►ⱶהⱷ♃ⱡכꜟ  

◓ꜝ☺◄fi♩  

 A %  B %  

0.0  85 15 

1.0  60 40 

3.5  60 40 

6.0  50 50 

8.0  45 55 

17.5 5 95 

30.0 5 95 

30.1 85 15 
 

MS  

SRM ♪כ⸗ ⸗♬♃ꜞfi◓  

▬○fi ESI ♪כ⸗  

ⱪ꜡כⱩ  Tune file ╩  

DL  150ϴ 

ⱠⱩꜝ▬◙כ  3.0 L/min  

ⱥכ♩Ⱪ꜡♇◒  500ϴ 

♪ꜝ▬▬fi◓●☻  15.0 L/min  

◖ꜞ☺ꜛfi●☻ ▪ꜟ◗fi 

▬○fi m/z  

Ⱬ◐◘☺ⱡfi +253ќ171 CE 17 V  

B +239ќ157 CE 15 V  

C +255ќ157 CE 18 V  

F +225ќ143 CE 14 V  

▬○fi m/z  

Ⱬ◐◘☺ⱡfi +253ќ71 CE 35 V  

B +239ќ71 CE 35 V  

C +255ќ71 CE 35 V  

F +225ќ101 CE 28 V  

min  

Ⱬ◐◘☺ⱡfi 14.6 

B 14.3 

C 6. 4 ┘ 6.9  

F 13.4 
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5  

╩ⱷ♃ⱡכꜟ≢ ⇔≡ ─ ─ ╩

⇔√⁹ 

 

─ 0.5 mg/kg 0.0125⁸0.025⁸0.0375⁸0.05⁸0.0625 ┘ 0.075 mg/L 

─ 0.1 mg/kg 0.0025⁸0.005⁸0.0075⁸0.01⁸0.0125 ┘ 0.015 mg/L 

─ 4 mg/kg⁸ ╩ 10 ⇔≡ 0.01⁸0.02⁸0.03⁸0.04⁸

0.05 ┘ 0.06 mg/L 

─ 11 mg/kg⁸ ╩ 20 ⇔≡ 0.01375⁸0.0275⁸0.04125⁸

0.055⁸0.06875 ┘ 0.0825 mg/L 

 0.0001⁸0.00015⁸0.0002⁸0.00025⁸0.0003 ┘ 0.00035 mg/L 

↓─ 5 µL╩ LC- MS/MS⌐ ⇔≡⁸ ╠╣√Ⱨכ◒ ╩ ™≡ ─

╩ ⇔√⁹ 5 µL╩ LC- MS/MS⌐ ⇔⁸ ⌐╟╡ ─ ╩

⇔√⁹⌂⅔⁸ ─ ─ ┘ ─ │⁸ ₁ ╩ⱷ♃ⱡכꜟ≢

10 ┘ 20 ⌐ ⇔ ⇔√⁹ 

 

6 ─  

─ 0.5 mg/kg 10.0 g⌐ 5 mg/L 1 mL╕√│

0.025 mg/L 1 mL╩ ⇔⁸ ⇔√ ⁸30 ⇔√⁹ 

─ 0.1  mg/kg 5.00 g╩ 40ϴ≢ ⇔≡ ⇔⁸0.5 mg/L

1 mL╕√│ 0.0125 mg/L 1 mL╩ ⇔⁸ ⇔√⁹

- 19ϴ≢ 10 ⇔⁸ ╩ ↕∑√ ⁸ ≢ 30 ⇔√⁹ 

─ 4 mg/kg : 10.0 g⌐ 40 mg/L 1 mL╕√│

0.025 mg/L 1 mL╩ ⇔⁸ ⇔√ ⁸30 ⇔√⁹ 

─ 11 mg/kg 10.0 g ⌐ 110 mg/L 1 mL╕√│

0.025 mg/L 1 mL╩ ⇔⁸ ⇔√ ⁸30 ⇔√⁹ 

 

7 ─  

 

 Ⱬ◐◘☺ⱡfi⁸ B⁸ C ┘ F╩ ⅛╠n-Ⱬ◐◘fi ▪☿♩♬♩ꜞ

ꜟ≢ ⇔√⁹SAX/PSAⱵ♬◌ꜝⱶ≢ ⇔√ ⁸LC- MS/MS≢ ┘ ⇔√⁹ 

 

 

10.0 g ─ │ 5.00 g ╩●ꜝ☻ ⌐ ∫√⁹↓╣⌐ n-Ⱬ◐◘fi 50 mL

┘ n-Ⱬ◐◘fi ▪☿♩♬♩ꜞꜟ 50 mL╩ ⅎ≡ⱱ⸗☺♫▬☼⇔√ ⁸ 3,000 

rpm⁸10 ⇔√⁹▪☿♩♬♩ꜞꜟ ╩ ⱧⱭ♇♩≢ ⇔⁸╤ ╤ No.5A⁸

110 mm⁸ ╩ ™≡╤ ⇔√⁹ ┘ n-Ⱬ◐◘fi ⌐ n-Ⱬ◐

◘fi ▪☿♩♬♩ꜞꜟ 25 mL╩ ⅎ⁸ⱱ⸗☺♫▬☼⇔⁸ ≤ ⌐ ⇔√ ⁸▪

☿♩♬♩ꜞꜟ ╩╤ ⇔⁸╤ ╩ ╦∑⁸▪☿♩♬♩ꜞꜟ≢ 100 mL⌐ ⇔√⁹ 

 



 

 

 

-  7 -  

 SAX/PSAⱵ♬◌ꜝⱶ 500 mg/500 mg⁸6 mL ⌐▪☿♩♬♩ꜞꜟ 10 mL╩ ⇔⁸

│ ≡√⁹↓─◌ꜝⱶ⌐ ≢ ╠╣√ 4 mL╩ ⇔√ ⁸▪☿♩♬♩ꜞꜟ 20 mL

╩ ⇔⁸ ╩ ╗ ╩ ╡⁸40ϴ ≢ ⇔⁸ ╩ ⇔√⁹↓─

╩ⱷ♃ⱡכꜟ⌐ ⇔⁸ ⌐ 4 mL │ 2 mL ≤⇔√╙─╩ ≤⇔√⁹ 

 

ⱨ꜡כꜗ♅כ♩  

    

ѝ ─ ⁸ ─ ⁸ ─  10.0  g 

ѝ ─ 5.00 g 

 ▪☿♩♬♩ꜞꜟ   

ѝ n-Ⱬ◐◘fi 50 mL ┘ n-Ⱬ◐◘fi ▪☿♩♬♩ꜞꜟ 50 mL╩ ⅎ⁸ⱱ⸗☺♫▬☼ 

ѝ 3,000 rpm⁸10  

ѝ ▪☿♩♬♩ꜞꜟ ╩ ⁸╤  

ѝ n-Ⱬ◐◘fi ┘ ⌐ n-Ⱬ◐◘fi ▪☿♩♬♩ꜞꜟ 25 mL╩ ⅎ⁸ 

ⱱ⸗☺♫▬☼ 

ѝ 3,000 rpm⁸10  

ѝ ▪☿♩♬♩ꜞꜟ ╩ ⁸╤  

ѝ ╤ ╩ ╦∑⁸▪☿♩♬♩ꜞꜟ≢ 100 mL⌐  

 SAX/PSAⱵ♬◌ꜝⱶ[ SIGMA- ALDRICH Spelclean SAX/PSA 500 mg/500 mg⁸6 mL   

ѝ ▪☿♩♬♩ꜞꜟ 10 mL≢◖fi♦▫◦ꜛ♬fi◓ 

ѝ 4 mL╩  

ѝ ▪☿♩♬♩ꜞꜟ 20 mL≢ ╩ ╗ ╩  

  

ѝ ╩ⱷ♃ⱡכꜟ⌐ ─ ⁸ ─ ⁸ ─ 4 mL⁸ ─ 2 mL  

   

 ѝ 

 LC- MS/MS  

   ─ ╩ⱷ♃ⱡכꜟ≢ 10 ⌐ ⇔  

   ─ ╩ⱷ♃ⱡכꜟ≢ 20 ⌐ ⇔  

 

8 ⱴ♩ꜞ♇◒☻ ─  

─ ⌐⅔↑╢ 100 ─

0. 2 mL╩ ╡⁸ ≢ ╩ ⇔√ ⁸Ⱪꜝfi◒ 0. 2 mL╩ ⅎ≡

⇔√╙─╩ⱴ♩ꜞ♇◒☻ ≤⇔√⁹⌂⅔⁸ ─ ─ ┘ ─

⌐≈™≡│⁸ ₁ⱷ♃ⱡכꜟ≢ 10 ┘ 20 ⌐ ⇔√Ⱪꜝfi◒ ╩ ⅎ√⁹ 
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50 100 150 200 m/z
0

50

100

150

Inten.

171

50 100 150 200 m/z
0

50

100

150

200

Inten.

71

85

17158 114

┘  

─  

MS ─  

Ⱬ◐◘☺ⱡfi⁸ B⁸ C ┘ F─LC- MS/MS≢─ ╩ ⇔√⁹

│⁸ ⌂ ⅜ ╠╣√ESI( ≢♪כ⸗(+ ∆╢↓≤≤⇔√⁹ 

Ⱬ◐◘☺ⱡfi─☻◐ꜗfi ⌐⅔↑╢ⱴ☻☻Ɑ◒♩ꜟ╩ 1⌐ ⇔√⁹Ⱬ◐◘☺ⱡfi─

ⱪ꜡♩fi m/z 253[M+H]+ ⅜ ↄ ↕╣√√╘⁸ ▬○fi╩ⱪꜞ◌כ◘כ▬○

fi≤⇔√⁹ 2 ┘ 3⌐│⁸Ⱬ◐◘☺ⱡfi─ⱪ꜡♩fi m/z 253[M+H]+ ╩ⱪꜞ◌

√⇔≥fi○▬כ◘כ ─ⱪ꜡♄◒♩▬○fi☻Ɑ◒♩ꜟ╩ ⇔√⁹ⱪ꜡♄◒♩▬○fi⌐│⁸

─ ™m/z 171 ┘m/z 71╩ ⇔⁸m/z 253ќ171╩ ▬○fi⌐⁸m/z 253ќ71╩

▬○fi≤⇔√⁹ 

 

1 Ⱬ◐◘☺ⱡfi─ⱴ☻☻Ɑ◒♩ꜟ 

☻◐ꜗfi  50 300 amu⁸ ESI( +)  

Ⱬ◐◘☺ⱡfi 0.1  mg/L 

 

 

2 ⱪ꜡♄◒♩▬○fiⱭ◒♩ꜟ      3 ⱪ꜡♄◒♩▬○fiⱭ◒♩ꜟ  

ⱪꜞ◌כ◘כ▬○fi m/z 253               ⱪꜞ◌כ◘כ▬○fi m/z 253 

ESI(+)                           ESI(+)  

CE 17 V CE collision energy            CE 35 V CE collision energy     

Ⱬ◐◘☺ⱡfi 0.1 mg/L                     Ⱬ◐◘☺ⱡfi 0.1  mg/L 

 

50 100 150 200 250 m/z
0

25

50

75

100

125

150

Inten.

253

50
65

97 135



 

 

 

-  9 -  

B─☻◐ꜗfi ⌐⅔↑╢ⱴ☻☻Ɑ◒♩ꜟ╩ 4⌐ ⇔√⁹ B─ⱪ꜡♩fi

m/z 239[M+H]+ ⅜ ↄ ↕╣√√╘⁸ ▬○fi╩ⱪꜞ◌כ◘כ▬○fi≤⇔√⁹

5 ┘ 6⌐│⁸ B─ⱪ꜡♩fi m/z 239[M+H]+ ╩ⱪꜞ◌כ◘כ▬○fi≤

⇔√ ─ⱪ꜡♄◒♩▬○fi☻Ɑ◒♩ꜟ╩ ⇔√⁹ⱪ꜡♄◒♩▬○fi⌐│⁸ ─ ™m/z 

157 ┘m/z 71╩ ⇔⁸m/z 253ќ157╩ ▬○fi⌐⁸m/z 253ќ71╩ ▬○fi≤⇔√⁹ 

 

4 B─ⱴ☻☻Ɑ◒♩ꜟ 

☻◐ꜗfi  50 300 amu⁸ ESI( +)  

B 0.1  mg/L 

 

5 ⱪ꜡♄◒♩▬○fiⱭ◒♩ꜟ    6 ⱪ꜡♄◒♩▬○fiⱭ◒♩ꜟ      

ⱪꜞ◌כ◘כ▬○fi m/z 239               ⱪꜞ◌כ◘כ▬○fi m/z 239 

ESI(+)                           ESI(+)  

CE 15 V CE collision energy           CE 35 V CE collision energy  

B 0.1 mg/L                         B 0.1  mg/L 

              

 

  

50 100 150 200 250 m/z
0

25

50

75

100

125

Inten.

239

65 9779 180163 297

50 100 150 200 m/z
0

50

100

150

200

Inten.

157

50 100 150 200 m/z
0

50

100

150

200

Inten.

157
71 101

57

55 11483
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C─☻◐ꜗfi ⌐⅔↑╢ⱴ☻☻Ɑ◒♩ꜟ╩ 7⌐ ⇔√⁹ C─ⱪ꜡♩fi

m/z 255[M+H]+ ⅜ ↄ ↕╣√√╘⁸ ▬○fi╩ⱪꜞ◌כ◘כ▬○fi≤⇔√⁹

8 ┘ 9⌐│⁸ C─ⱪ꜡♩fi m/z 255[M+H]+ ╩ⱪꜞ◌כ◘כ▬○fi≤

⇔√ ─ⱪ꜡♄◒♩▬○fi☻Ɑ◒♩ꜟ╩ ⇔√⁹ⱪ꜡♄◒♩▬○fi⌐│⁸ ─ ™m/z 

157 ┘m/z 71╩ ⇔⁸m/z 255ќ157╩ ▬○fi⌐⁸m/z 255ќ71╩ ▬○fi≤⇔√⁹ 

 

7 C─ⱴ☻☻Ɑ◒♩ꜟ 

☻◐ꜗfi  50 300 amu⁸ ESI( +)  

C 0.1  mg/L 

 

 

8 ⱪ꜡♄◒♩▬○fiⱭ◒♩ꜟ    9 ⱪ꜡♄◒♩▬○fiⱭ◒♩ꜟ  

ⱪꜞ◌כ◘כ▬○fi m/z 255               ⱪꜞ◌כ◘כ▬○fi m/z 255 

ESI(+)                           ESI(+)  

CE 18 V CE collision energy           CE 35 V CE collision energy  

C 0.1 mg/L                         C 0.1  mg/L 

 

 

  

50 100 150 200 250 m/z
0

25

50

75

100

125

Inten.

255

65

97 279
17173 135 195 29310255

50 100 150 200 m/z
0

50

100

150

200

Inten.

157

50 100 150 200 m/z
0

50

100

150

200

Inten.

71

157
10157

8355 191114
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F─☻◐ꜗfi ⌐⅔↑╢ⱴ☻☻Ɑ◒♩ꜟ╩ 10⌐ ⇔√⁹ F─ⱪ꜡♩fi

m/z 225[M+H]+ ⅜ ↄ ↕╣√√╘⁸ ▬○fi╩ⱪꜞ◌כ◘כ▬○fi≤⇔√⁹

11 ┘ 12⌐│⁸ F─ⱪ꜡♩fi m/z 225[M+H]+ ╩ⱪꜞ◌כ◘כ▬○fi

≤⇔√ ─ⱪ꜡♄◒♩▬○fi☻Ɑ◒♩ꜟ╩ ⇔√⁹ⱪ꜡♄◒♩▬○fi⌐│⁸ ─ ™

m/z 143 ┘m/z 101╩ ⇔⁸m/z 225ќ143╩ ▬○fi⌐⁸m/z 225ќ101╩ ▬○fi

≤⇔√⁹ 

 

10 F─ⱴ☻☻Ɑ◒♩ꜟ 

☻◐ꜗfi  50 300 amu⁸ ESI( +)  

F 0.1  mg/L 

 

 

11 ⱪ꜡♄◒♩▬○fiⱭ◒♩ꜟ   12 ⱪ꜡♄◒♩▬○fiⱭ◒♩ꜟ  

ⱪꜞ◌כ◘כ▬○fi m/z 225               ⱪꜞ◌כ◘כ▬○fi m/z 225 

ESI(+)                           ESI(+)  

CE 14 V CE collision energy           CE 28 V CE collision energy  

C 0.1 mg/L                         F 0.1  mg/L 

 

╕√⁸ⱨ꜡כ▬fi☺▼◒◦ꜛfi ╩ ™≡⁸ⱪ꜡כⱩ ⁸ DL ┘

ⱥכ♩Ⱪ꜡♇◒ ╩ ⇔√⁹ⱪ꜡כⱩ │tune file ─ ┘1 5 kV⁸DL │100

300ϴ⁸ⱥכ♩Ⱪ꜡♇◒ │100 500ϴ─ ≢Ɽꜝⱷכ♃╩ ↕∑√≤⅝─

─ ╩ ⇔√ ⁸ⱪ꜡כⱩ │tune file ⁸DL │150ϴ⁸ⱥכ♩Ⱪ꜡♇

◒ │500ϴ⌐ ∆╢↓≤≤⇔√⁹ 

50 100 150 200 250 m/z
0

25

50

75

100

125

150
Inten.

225

50
27982

247 263143 19065 16091

50 100 150 m/z
0

50

100

150

200

Inten.

143

189

50 100 150 m/z
0

50

100

150

200

Inten.

101

14357

83
7043 87
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LC ─  

₈LC/ MS╩ ™√ ─ з ₉─ 2 ╩ ™

≡⁸Ⱬ◐◘☺ⱡfi⁸ B⁸ C ┘ F─ ⌐≈™≡ ╩ ∫√⁹ ◌ꜝ

ⱶ⌐○◒♃♦◦ꜟ◦ꜞꜟ ◦ꜞ◌◕ꜟ◌ꜝⱶ─Inertsil ODS - 4 ☻fi◄▬◘ꜟ◄כ☺

⁸ 2.1 mm⁸ ↕150 mm⁸ 3 µm ╩ ™⁸5 mmol/L ▪fi⸗♬►ⱶ

┘5 mmol/L ▪fi⸗♬►ⱶהⱷ♃ⱡכꜟ ─◓ꜝ☺◄fi♩ ╩ ∫√≤↓╤⁸

─Ⱨכ◒ ◓fiꜞכ♥│ ╙ ╘╠╣∏ ≢№∫√⁹╕√⁸ ⌐≈™≡│⁸

0.00025 mg/L 5 µL╩ ⇔√ ⁸ Ⱨכ◒─S/N│50 ≢№∫√↓

≤⅛╠⁸ ─ ╩ ™╢↓≤≤⇔√⁹ ◌ꜝⱶ≤⇔≡Inertsil ODS - 4⁸

L- columun2 ODS ┘mightysil RP - 18 AP

╩ ⇔√≤↓╤⁸I nertsil ODS - 4─Ⱨכ◒ ⅜ ╙ ∞∫√─≢⁸ ◌

ꜝⱶ╩ ™╢↓≤≤⇔√⁹ 

 

 

Ⱬ◐◘☺ⱡfi⁸ B⁸ C ┘ F─ ─ ╩ 13 16⌐ ⇔√⁹

C│ 2 ─ ≢№╡⁸2Ⱨכ◒ ╘╠╣√√╘⁸ ₁─Ⱨכ◒ ┘ Ⱨכ

◒─ ⌐≈™≡ ╩ ⇔√ ⁸ ─ ™Ⱨכ◒╩ C1⁸ ™Ⱨכ◒╩ C2⁸

Ⱨכ◒─ ╩ C(1+2)≤∆╢ ⁹ ⌐≈™≡ 0.00025 0.025 mg/L─ ≢

⇔√ ─ R2│ 0.997 ≢№╡ ⌂ ╩ ⇔√⁹   

 

 

 

 

 

 

 

 

 

 

13 Ⱬ◐◘☺ⱡfi─          14 B─           

y 707983323x- 116261              y 926075729x- 151881 

R2 0.9984                                   R2 0.9991 
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15 C(1+2)─         16 F─           

y 377908071x- 74913              y 325960297x- 191800 

R2 0.9994                                 R2 0.9974 

 

 

 ─ ╩ ⌐ ⇔√⁹ 

 Ⱬ◐◘☺ⱡfi 0.0025 mg/kg [ 4 (mL)/ ─ 0.4 (g)]  

           × Ⱬ◐◘☺ⱡfi─ 0.00125(ng)/ 5(µL)  

 B 0.0025 mg/kg [ 4 (mL)/ ─ 0.4  (g)]  

           × B─ 0. 00125(ng)/ 5(µL)  

C 0.0025 mg/kg [ 4 (mL)/ ─ 0. 4 (g)]  

           × C─ 0.00125(ng)/ 5(µL)  

F 0.0025 mg/kg [ 4 (mL)/ ─ 0. 4 (g)]  

           × F─ 0.00125(ng)/ 5(µL)  

√∞⇔⁸ ─ │⁸ 2 mL⁸ ─ 0.2 g 
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─  

─  

 ⁸ ≤⇔≡⁸n-Ⱬ◐◘fi ▪☿♩♬♩ꜞꜟ≢ ∆╢ ╩ ∆╢↓

≤≤⇔√⁹↓─ ╩ ∆╢↓≤≢⁸ ≤ ⌐ ╙ ⅎ╢ ⅜№∫√⁹▪

☿♩♬♩ꜞꜟ╩ ≤⇔≡ ™╢√╘⁸ ─ ⅛╠─ ╩ ⇔√⁹

5 g╩ ╡⁸ 40ϴ─ ≢ ↕∑√ ⁸Ⱬ◐◘☺ⱡfi⁸ B ┘ F 100 µg

1,000 mg/Lⱷ♃ⱡכꜟ ╩ 0.1  mL ╩ ⇔⁸ ⇔√ ⁸

- 19ϴ ⌐ 10 ⇔⁸ ↕∑√⁹↕╠⌐ ≢ 30 ⇔√ ⁸n-Ⱬ◐◘fi

▪☿♩♬♩ꜞꜟ 50 mL ┘ n-Ⱬ◐◘fi 50 mL╩ ⅎ⁸ⱱ⸗☺♫▬☼ ⇔√⁹

3,000 rpm⁸10 ⇔√ ⁸▪☿♩♬♩ꜞꜟ ╩ ╡⁸▪☿♩♬♩ꜞꜟ≢ 100 mL⌐

⇔√ 1 ⁹ ┘ n-Ⱬ◐◘fi ⌐ n-Ⱬ◐◘fi ▪☿♩♬♩ꜞꜟ 25 mL

╩ ⅎ⁸ ≤ ⌐ ⇔⁸▪☿♩♬♩ꜞꜟ≢ 100 mL⌐ ⇔√ 2 ⁹

╩ⱷ♃ⱡכꜟ≢ 100 ⌐ ⇔√ ⁸LC- MS/MS≢ ⇔√ ╩ 1⌐ ⇔√⁹2

─ ≢ ╠╣√ │⁸Ⱬ◐◘☺ⱡfi│ 103 ⁸ B│ 100 ⁸ F│ 98

≢№∫√⁹╕√⁸ ⌐Ⱬ◐◘☺ⱡfi⁸ B⁸ C ┘ F 100 µg

1,000 mg/Lⱷ♃ⱡכꜟ ╩ 0.1 mL ╩ ⇔⁸ ⌐ ╩ ∫√≤↓

╤⁸Ⱬ◐◘☺ⱡfi│ 93 ⁸ B│ 98 ⁸ C│ 97 ⁸ F│ 100 ─

⅜ ╠╣√ 2 ⁹ ─ ╟╡⁸ ╟╡Ⱬ◐◘☺ⱡfi⁸ B ┘ F

─ │⁸Ⱬ◐◘☺ⱡfi⁸ B⁸ C ┘ F ╩ n-Ⱬ◐◘fi ▪☿♩

♬♩ꜞꜟ⌐╟╡ ∆╢↓≤≤⇔√⁹ 

 

1  ⅛╠ ─  

 
 

1  2   

Ⱬ◐◘☺ⱡfi 101         2          103        

B 97         3          100        

F 95         3          98        

5 g⌐ ⇔⁸Ⱬ◐◘☺ⱡfi⁸ B ┘ F 100 µg 1,000 mg/L

ⱷ♃ⱡכꜟ 0.1 mL  

 

2  ⅛╠ ─  

 
 

1  2   

Ⱬ◐◘☺ⱡfi 92        1         93        

B 97        1         98        

C(1+2)  95       2         97        

C1 95       2         97        

C2 95       2         97        

F 98        2         100        

10 g⌐ ⇔⁸Ⱬ◐◘☺ⱡfi⁸ B⁸ C ┘ F 100 µg

1,000 mg/Lⱷ♃ⱡכꜟ 0.1  mL  
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SAX/PSAⱵ♬◌ꜝⱶ 500 mg/500 mg⁸6 mL ⌐╟╢ ─  

▪☿♩♬♩ꜞꜟ ╩∕─╕╕LC- MS/MS⌐ ∆╢≤▬○fi ⅜ ╘╠╣√↓≤

⅛╠⁸SAX/PSAⱵ♬◌ꜝⱶ⌐╟╢ ⌐≈™≡ ⇔√⁹ ╘Ⱶ♬◌ꜝⱶ⌐▪☿♩♬♩ꜞꜟ

10 mL╩ ⇔ │ ≡√⁹↓─◌ꜝⱶ⌐1 mg/L 1 mL╩ ⇔⁸▪☿♩♬

♩ꜞꜟ≢ ⇔√≤⅝─ ╩ 3⌐ ⇔√⁹Ⱬ◐◘☺ⱡfi ┘ B│10 mL⁸

C ┘ F│20 mL─ ╕≢⌐ ⅜ ⇔√⁹ ─ ╟╡⁸ ╩SAX/PSA

⌐ ⇔√ ⁸▪☿♩♬♩ꜞꜟ20 mL╩ ⇔⁸ ╩ ╗ ╩ ╢↓≤≤⇔√⁹ 

 

3 SAX/PSAⱵ♬◌ꜝⱶ⅛╠─  

 
 

0- 5 mL 5- 10 mL 10- 15 mL 15- 20 mL 20- 25 mL  

Ⱬ◐◘☺ⱡfi 100    <0.5 nd    nd    nd    100    

B 97    <0.5 nd    nd    nd    97    

C(1+2) 1    94    3    <0.5   nd    98    

C1 3    97    2    <0.5 nd    102    

C2 1    94    3    <0.5 nd    98    

F 0    37    56    4      nd    97    

SAX/PSA 500 mg/500 mg⁸6 mL⁸SIGMA- ALDRICH  

1 µ 

nd  
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4 ─ ⁸ ─ ⁸ ─ ┘ ─ ╩ ™≡⁸ ─7

─ ⌐ ∫≡ ─ ╩ ⇔√⁹ │⁸

┘ ─2 ≤⇔⁸ ─ │ ╩ ≢⁸

─ │ ╩0.0025 mg/kg ⇔√⁹⌂⅔⁸ ─ ─

─ │ⱷ♃ⱡ10≢ꜟכ ⌐⁸ ─ ─ │20 ⌐ ⇔⁸LC- MS/MS ⌐

⇔√⁹ 

⌐⅔↑╢ ─Ⱪꜝfi◒ ⁸ ─ ⌂◒꜡ⱴ♩◓ꜝⱶ ┘

100 ─ ╩ 17 42⌐ ⇔√⁹╕√⁸ ─Ⱪꜝfi◒ ─

☻◐ꜗfi ⌐╟╢ ╩fi◒꜡ⱴ♩◓ꜝⱶ○▬ꜟ♃כ♩⌂ 43⌐ ⇔√⁹ 

 

 

─ ╩ 4⌐ ⇔√⁹ ⇔√™∏╣─ ⌐⅔™≡╙⁸ ─ ╩

∆╢Ⱨכ◒│ ╘╠╣∏⁸ │ ≢№∫√⁹ 

 

⁸ ┘  

┘ ─ ╩ 5⌐ ⇔√⁹ ┘ │⁸Ⱬ◐◘☺ⱡfi≢ 87.3

96.0 ┘ 1.3 4.8 ⁸ B≢ 89.5 93.7 ┘ 0.8 4.8 ⁸ C≢│ C(1+2)

≢ 86.4 89.7 ┘ 3.6 4.6 ⁸C1≢ 87.5 88.5 ┘ 1.4 4.9 ⁸C2≢ 86.3 89.8

┘ 4.0 4.6 ⁸ F≢ 86.9 94.9 ┘ 1.0 4.9 ≢№╡⁸ ╩ √⇔√⁹

╕√⁸ ≢ ⇔√ ─ Ⱨכ◒─ S/N│⁸Ⱬ◐◘☺ⱡfi≢ 184 235⁸

B≢ 117 151⁸ C≢│ C1≢ 45⁸C2≢ 355⁸ F≢ 75 105≢№╡⁸S/N

֕10╩ √⇔≡™√⁹ 

 

ⱴ♩ꜞ♇◒☻─ ┼─  

ⱴ♩ꜞ♇◒☻─ ┼─ ⌐≈™≡ ⇔√ ╩ 6⌐ ⇔√⁹

⌐⅔↑╢ 100 ⌐⌂╢╟℮⌐ ⇔√ⱴ♩ꜞ♇◒☻ ─

⌐ ∆╢Ⱨכ◒ ╩ ╘√≤↓╤⁸Ⱬ◐◘☺ⱡfi≢0.97 1.02⁸ B≢0.97

1.03⁸ C≢│ C1≢ 0.99 1.01⁸C2≢ 0.99 1.00⁸ F≢ 0.96 1.02 ≢№

╡⁸ ⌂ ┼─ⱴ♩ꜞ♇◒☻─ │ ╘╠╣⌂⅛∫√⁹ 7⌐ ⌐╟

╡ ╠╣√ ╩ ⌐ ∆Ⱨכ◒ ≢ ⇔≡ ⇔√ ╩ ⇔√⁹ ─

│⁸Ⱬ◐◘☺ⱡfi≢ 85.6 97.9 ⁸ B≢ 89.5 96.1⁸ C≢│C1≢ 86.3 89.2⁸

C2≢ 86.5 90.7⁸ F≢ 85.2 97.3 ≢№╡⁸ ╩ √⇔≡™√⁹ 
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∕─ ─ ⌐ ∆╢  

 ᵑSCXⱵ♬◌ꜝⱶ⌐╟╢ ─  

▪☿♩♬♩ꜞꜟ ─SCXⱵ♬◌ꜝⱶ⌐╟╢ ╩ ⇔√⁹▪☿♩♬♩ꜞꜟ≢◖fi♦

▫◦ꜛ♬fi◓⇔√SCXⱵ♬◌ꜝⱶ 500 mg⁸6 mL ⌐1 mg/L 1 mL╩ ⇔⁸▪

☿♩♬♩ꜞꜟ⁸ ™≢▪☿♩♬♩ꜞꜟ ┘▪fi⸗♬▪ ≢ ∆╢ ╩ ∫√⁹⇔

⅛⇔⁸Ⱬ◐◘☺ⱡfi ┘∕─ ─SCXⱵ♬◌ꜝⱶ⌐ ∆╢ ⅜꜡♇♩ ┘ⱷכ◌כ⌐

╟╡ ⅝ↄ ⌂╢⌂≥⇔√↓≤⅛╠⁸SCXⱵ♬◌ꜝⱶ⌐╟╢ │ ≤⇔√⁹ 

 

ᵒ◄♅꜠fi☺▪Ⱶfi- N-ⱪ꜡Ⱨꜟ◦ꜞꜟ ◦ꜞ◌◕ꜟⱵ♬◌ꜝⱶ PSAⱵ♬◌ꜝⱶ ⌐╟

╢ ─  

▪☿♩♬♩ꜞꜟ ─PSAⱵ♬◌ꜝⱶ⌐╟╢ ╩ ⇔√⁹▪☿♩♬♩ꜞꜟ≢◖fi

♦▫◦ꜛ♬fi◓⇔√PSAⱵ♬◌ꜝⱶ Bond Elut Jr - PSA 500 mg ⌐1 mg/mL

1 mL╩ ⇔⁸▪☿♩♬♩ꜞꜟ≢ ⇔√≤⅝─ ╩ 8⌐ ⇔√⁹↓─ ╟

╡⁸▪☿♩♬♩ꜞꜟ ╩ ⇔√ ⁸▪☿♩♬♩ꜞꜟ15 mL≢ ∆╢↓≤≤⇔√⁹

⇔⅛⇔⁸PSAⱵ♬◌ꜝⱶ ⌐╟╡ ╠╣√ ─ ─ ≢│⁸ ─ⱴ♩ꜞ

♇◒☻ ≤ ─Ⱨכ◒ ⅜0.88 0.95╩ ∆⌂≥ ⱴ♩ꜞ

♇◒☻─ ┼─ ⅜ ⅝⅛∫√↓≤⅛╠⁸PSAⱵ♬◌ꜝⱶ⌐╟╢ │

≤⇔√⁹ 

 

8 PSAⱵ♬◌ꜝⱶ⅛╠─  

 
 

0- 4 mL 4- 8 mL 8- 12 mL 12- 14 mL 14- 16 mL  

Ⱬ◐◘☺ⱡfi 93    <0.5 nd    nd    nd    93    

B 97    <0.5 nd    nd    nd    97    

C( 1+2)  86    15    1    <0.5   nd    102    

C1 88    10    <0.5 nd    nd    98    

C2 86    16    <0.5 nd    nd    102    

F 1    70    36    1    nd    108    

nd  
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ᵓ ─ ⁸ ─ ┘ ─ ⌐⅔↑╢ C─  

 ─ ⁸ ─ ┘ ─ ─ │⁸Ⱬ◐◘☺ⱡfi⁸ B ┘

F≢№╢⅜⁸ ⁸ ╩ ℮ ⌐Ⱬ◐◘☺ⱡfi⁸ B⁸ C ┘

F─ 4 ─ ╩ ⇔√⁹∕↓≢⁸ ≡⇔≥♃כ♦ ─ ⁸

─ ┘ ─ ⌐⅔↑╢ C─ ╩ 9 12⌐ ⇔√⁹ 

 ─ ╩ 9⌐ ⇔√⁹™∏╣─ ⌐⅔™≡╙ C─ ╩ ∆╢Ⱨכ

◒│ ╘╠╣⌂⅛∫√⁹ 

 ⁸ ┘ ─ ╩ 10⌐ ⇔√⁹ ┘ │⁸C(1+2)≢ 85.6

90.7 ┘ 1.1 3.7 ⁸C1≢ 86.2 91.4 ┘ 1.3 3.8 ⁸C2≢ 85.1 91.2 ┘

1.4 4.1 ≢№╡⁸™∏╣─ ⌐⅔™≡╙ ╩ √⇔≡™√⁹╕√⁸

≢ ⇔√ ─ S/N│⁸C1≢ 58 103⁸C2≢ 440 701≢№╡⁸S/N֕ 10╩ √⇔≡™

√⁹ 

 ⱴ♩ꜞ♇◒☻─ ┼─ ─ ╩ 11⌐ ⇔√⁹ ⌐⅔↑╢

100 ⌐⌂╢╟℮⌐ ⇔√ⱴ♩ꜞ♇◒☻ ─ ⌐ ∆

╢Ⱨכ◒ ╩ ╘√≤↓╤⁸C1≢ 0.95 0.99⁸C2≢ 0.96 1.02 ≢№╡⁸ ⌂

┼─ⱴ♩ꜞ♇◒☻─ │ ╘╠╣⌂⅛∫√⁹ 12⌐ ⌐╟╡ ╠╣√

╩ ⌐ ∆Ⱨכ◒ ≢ ⇔≡ ⇔√ ╩ ⇔√⁹ ─ │⁸C1≢ 87.0

92.3 ⁸C2≢ 86.8 92.8 ≢№╡⁸ ╩ √⇔≡™√⁹ 
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