
3 DNA  
A260/A280 A260/A230

50 1686.9 1.6 1.0

50 2180.3 1.7 1.0
 

 
50 mg 1686.9 g DNA

A260/A280 1.6 A260/A230 1.0
50 mg 2180.3 g DNA

A260/A280 1.7 A260/A230 1.0  
3.2

4
 

4 Ct (n=2) 

34.4/35.9

24.3/24.3

no Ct

PCR Ct

 

 
Ct 34.4/35.9

Ct 24.3/24.3 40
DNA

  
 

DNA
PCR

 
 
 
 

 

DNA

200 mg 101.2
226.0 g 655.0 844.4 g

A260/A280 1.8 A260/A230
1.8 0.8 1.2

DNA

Ct 40
DNA

DNA
A260/A230

DNA

 

DNA  
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Purification Method using Mixed-Mode Ion Exchange Solid-Phase
for Analysis of Diquat, Paraquat, etc. in Vegetables

Shiori MASUDA, Junko TSUNEMATSU and Makoto KINOSHITA

Health Science Section, Fukuoka City Institute of Health and Environment 

LC-MS/MS

WCX FF 5:4:1

0.01 ppm 0.1 ppm

7 6

Key Words pesticides diquat paraquat

mixed-mode weak cation exchange solid -phase

- LC-MS/MS

LC-MS/MS

CPMF

-7

20 μg/mL
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8:2 1 1000 ng/mL

LC-MS
LC-MS

LC-MS

LC-MS

RFD240

RFU666HA

IKA T18 digital UL-TRA-

TURRAX®

RECIPRO SHAKER SR-2w
CAX-571

ADVANTEC® 5 A

InertSep WCX 

FF 500 mg 20 mL
Biotage TurboVap LV

0.2 μm

13HP020AN

PP
50 mL 15 mL

1.5 mL

PP

LC- MS /MS
LC EXION LC AD

SYSTEM

MS QTRAP6500+

LC-MS/MS 1

2 MS/MS MRM

MS/MS DP
CE

1 2
10 g 25 mL 10000 rpm 1

10 mL 1

10000× g 5

1 LC-MS/MS
GL InertSustain AX-C18

150 mm×2.1 mm I.D. ,  3 μm
0.2 mL/min
20 μL
40
A 20 mM in 1:1
B 0.5%
B 98% 0 min 98% 2 min 50% 5 min

50% 10.00 min 98% 10.10 min 98% 16 min
MRM
ESI

CUR 35 psi
TEM 300

GS1 70 psi
GS2 70 psi

CAD 9 psi
IS 4,500 V

2

Q3(m/z ) DP(V) CE(V) Q3(m/z ) DP(V) CE(V)
1 8.1 231.0 92.0 61 31 155.9 61 17
2 CPMF 2.4 212.0 126.0 36 31 99.1 36 59
3 1.3 182.9 157.0 86 31 130.1 86 45
4 8.6 227.9 80.9 -45 -12 146.0 -45 -30
5 2.4 178.6 100.0 81 21 69.0 25 8
6 6.8 271.0 126.0 60 37 237.2 60 23
7 1.3 186.1 171.0 46 27 77.0 46 51

min
Q1(m/z )

DP Declustering Potential CE Collision Energy

5A 50 mL

5 mL

10 mL

WCX FF 5 mL
10 mL

10 mL WCX FF 2 mL

5:4:1 5 mL

5.5 mL
10 mL 0.2 μm

WCX

100 μL

WCX 900 μL

0.01 ppm

0.5 5 ng/mL
0.1 ppm

1 15 ng/mL

20 μL LC-MS/MS

－76－



8:2 1 1000 ng/mL

LC-MS
LC-MS

LC-MS

LC-MS

RFD240

RFU666HA

IKA T18 digital UL-TRA-

TURRAX®

RECIPRO SHAKER SR-2w
CAX-571

ADVANTEC® 5 A

InertSep WCX 

FF 500 mg 20 mL
Biotage TurboVap LV

0.2 μm

13HP020AN

PP
50 mL 15 mL

1.5 mL

PP

LC- MS /MS
LC EXION LC AD

SYSTEM

MS QTRAP6500+

LC-MS/MS 1

2 MS/MS MRM

MS/MS DP
CE

1 2
10 g 25 mL 10000 rpm 1

10 mL 1

10000× g 5

1 LC-MS/MS
GL InertSustain AX-C18

150 mm×2.1 mm I.D. ,  3 μm
0.2 mL/min
20 μL
40
A 20 mM in 1:1
B 0.5%
B 98% 0 min 98% 2 min 50% 5 min

50% 10.00 min 98% 10.10 min 98% 16 min
MRM
ESI

CUR 35 psi
TEM 300

GS1 70 psi
GS2 70 psi

CAD 9 psi
IS 4,500 V

2

Q3(m/z ) DP(V) CE(V) Q3(m/z ) DP(V) CE(V)
1 8.1 231.0 92.0 61 31 155.9 61 17
2 CPMF 2.4 212.0 126.0 36 31 99.1 36 59
3 1.3 182.9 157.0 86 31 130.1 86 45
4 8.6 227.9 80.9 -45 -12 146.0 -45 -30
5 2.4 178.6 100.0 81 21 69.0 25 8
6 6.8 271.0 126.0 60 37 237.2 60 23
7 1.3 186.1 171.0 46 27 77.0 46 51

min
Q1(m/z )

DP Declustering Potential CE Collision Energy

5A 50 mL

5 mL

10 mL

WCX FF 5 mL
10 mL

10 mL WCX FF 2 mL

5:4:1 5 mL

5.5 mL
10 mL 0.2 μm

WCX

100 μL

WCX 900 μL

0.01 ppm

0.5 5 ng/mL
0.1 ppm

1 15 ng/mL

20 μL LC-MS/MS

10 g 50 mL PP

5A

50 mL

25 mL

1

10 mL

1

10000×g 5

50 mL

1

5 mL 15 mL PP

10 mL

WCX FF 500 mg 20 mL 5 mL 10 mL

WCX FF

WCX

5.5 mL

2 mL

5 4 1 5 mL

10 mL

0.2 μm

10 mL

2

5 mL 100 

ng/mL 1000 ng/mL
100 μL 10

mL

10 mL 2

5 3
WCX LC-MS/MS

InertSustain AX-C18

C18 

C18 

8:2 0.5 ng/mL

1
20 μL 40 μL

20 μL S/N 10

20 μL

5 mL

WCX FF 500 mg 20 mL WCX

FF 2

10

mL 25 mL

10 mL

9:1

5:4:1

2:7:1 2:7:1

5:4:1

5 mL 3.5 mL
5 mL 5 mL

WCX FF 10 mL

5:4:1 5 mL
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0.5 5
ng/mL 1 15 ng/mL

0.99

3

3

A B

3

0.01 ppm

0.1 ppm 2 4
4

3

4

0.01ppm n=5 0.1ppm n=3

No. % RSD% % RSD%

1 <50 7.9 77 3.6

2 CPMF 95 3.7 99 1.9

3 87 2.9 94 5.6

4 88 6.9 99 4.1

5 85 15.6 76 1.9

6 80 3.9 89 13.7

7 78 2.2 97 2.2

4 0.01 ppm

A B CPMF

C D

E F
G

7 6

WCX FF

y = 1.62329e6 x + -8.21067e4

r² = 0.99994

(A)

(B)

y = 1.78682e6 x + 6.25234e4

r² = 0.99767

(A) (B)

(C) (D)

(E) (F)

(G)
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0.5 5
ng/mL 1 15 ng/mL

0.99

3

3

A B

3

0.01 ppm

0.1 ppm 2 4
4

3

4

0.01ppm n=5 0.1ppm n=3

No. % RSD% % RSD%

1 <50 7.9 77 3.6

2 CPMF 95 3.7 99 1.9

3 87 2.9 94 5.6

4 88 6.9 99 4.1

5 85 15.6 76 1.9

6 80 3.9 89 13.7

7 78 2.2 97 2.2

4 0.01 ppm

A B CPMF

C D

E F
G

7 6

WCX FF

y = 1.62329e6 x + -8.21067e4

r² = 0.99994

(A)

(B)

y = 1.78682e6 x + 6.25234e4

r² = 0.99767

(A) (B)

(C) (D)

(E) (F)

(G)

7

6

WCX 

FF

1
LC/MS/MS

28(2) 117 125 2015

2

2 42
117 124 2019

3 1224 1

22 12 24
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