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(ISO)

(CAC) (ICC)

 

  ( )  

ISO 218 (TC)

(SC)  ISO

ISO/TC34

ISO/TC93 ISO/TC34 14

TC34/SC2 TC34/SC4 TC34/SC11

 

 ISO l54 ISO

58 37.7% 54

35.1  25 16.2% 

17 9.0%  ISO 5 42

6 10 39 11 15 23 15

50 5 ISO 5

ISO ISO

11

 

ISO ISO22000:2005  

 CAC

1962 CAC

CAC 28 43
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CAC

23

3

 

CAC CODEX STAN 193 

CAC/MRL 1 CODEX STAN 192 

 

ICC ICC

67 7 23

( )

)

 

  ( )  

 

15

(AACC)

(AOCS)

1922 10 10

322 300

36

AACC
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AACC

5 460

293  (A) (B) (C)

(E) (J)5 (A) 64

(B) 33 (C) 171 (E)

11 (J) 14 2012 6

 

ISO EN

ICC

162  

ISO ICC 133 82%

65 ISO 63 97% 

169  ISO 138

82%  

(EC) No 149/2008

(EC) No 1881/2006  

 

 ( )   

50

1956

( ) 1958

1979

1980~1989
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1989 1990

3

WTO

2003

 

 ( )   

 247 41

206 ( )

16 65 143

23 . 57.9%

26.3%

 

 

144 58.3% 53 21.4%

25 10.1%  

 

1 GB 2715-2005 GB 

2716-2005 

 

2 GB 2760-2011

GB 14880-2012 

 

3 GB 2763-2012  2013
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3 1 6 10

2293 10

28 780

12 59

 

4 GB 2761-2011  

6 B1 M1 A

 

5 GB 2762-2012  

[a]

N- 12 20
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CAC     

 

(Pb) 
0.1/0.2/1.
0 mg/kg

0.1/0.2 mg/kg
0.05/0.1/0.2/

0.5 mg/kg 
0.1/0.2/10 

mg/kg 
1.0 mg/kg

(Cd) 
0.1/0.2/0.
4 mg/kg

0.1/0.2 mg/kg
0.1/0.2/0.5 

mg/kg 
0.13 mg/kg 1.0 mg/kg

(As) 
0.1 

mg/kg 
 

0.1/0.2/0.5 
mg/kg 

0.1/0.4/3 
mg/kg 

1.0 mg/kg

Hg    0.02 mg/kg
0.05/0.5/1 

mg/kg 
 

(Cu) 
0.05 

mg/kg 
  0.1 mg/kg  

Se     0.09 mg/kg  

(Fe) 
0.2 

mg/kg 
    

Zn     10 mg/kg  

(Sn) 
250 

mg/kg 
    

(Ni)   1.0 mg/kg 0.5 mg/kg  
(Cr)   1.0 mg/kg   

 
 

A 5 μg/kg 
0.5/3.0/5.0 

μg/kg 
5.0 μg/kg   

(B1+B2+G1+G

2) 

8/15 
μg/kg 

4.0/5.0/8.0/ 
10.0/15.0 

μg/kg 
 20 μg/kg  

B1 
 

0.1/2.0/5.0 
μg/kg 

5.0/10/20 
μg/kg 

 
10.0 

μg/kg 

FB1+FB2  
 

200/800/1000/
1400/2000/ 
4000 μg/kg 

   

FB1+FB2+F
B3  

   2/3/4 mg/kg  

 
 

200/500/750/
1250/1750 

μg/kg 
1000 μg/kg 1 mg/kg 1.1 mg/kg

  
20/50/75/100/
200/300/350/4

00 μg/kg 
60 μg/kg   

  1%    
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5% 

 

NO3
-  

 200 mg/kg 100 mg/kg   

NO2
-  

  2.0 mg/kg   

[a]   1.0/2.0 μg/kg
5.0/10.0 
μg/kg 

  

3,4-   0.03 μg/kg    

  
0.75/1.0/2.0/ 

3.0 pg/g 
   

 
 

1.5/3.0/4.0/ 
4.5/10.0 pg/g

   

 
0.02 

mg/kg 
    

 
0.01 

mg/kg 
    

    0.2 mg/kg  
    10 μg/kg  

HCN  
    

50 
mg/100 g

 
     30 
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GC-2010 Plus

1.0~20 μg/mL 0.9999

RSD 1.83% 0.134 �g/mL 3 85%~90%

 

 BPO    

 

BPO, CAS: 94-36-0

BPO

BPO BPO BPO

150 mg/kg 300 mg/kg BPO

2011 3 1 2011 5 1 BPO  

GC-2010 Plus GB/T18415-2001

BPO  

 

1.

1.1

   GC-2010 Plus FID  

1.2

Stabilwax-DA 30m×0.25mm×0.25μm 

200 (12 min) 

 

 

40 cm/sec  

240  

 

5:1 

1 �L 

FID 

250  

400 mL/min 

40 mL/min 
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30 mL/min 

1.3

5 g 0.0001 30 mL

30 15 min 4 h

50 mL

 

 

2.  

2.1

2.5 5.0 7.5 10.0 min

0.00

0.25

0.50

0.75

1.00

1.25uV(x10,000)

1  (20 �g/mL) 

2.2

   1.0 5.0 10 15 20 μg/mL

2  

5.0 10.0 15.0
0.0

0.5

1.0

1.5

2.0

2.5

3.0

(x10,000)

 
       2 R=0.9999  

2.3

1.0 �g/mL 6 1 3

1  

 

 

�
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1  

  RSD %  �g/mL  

 0.9999 1.83 0.134 

 

2.4

3

2  

7.0 8.0 9.0 10.0 11.0 min

0.0

2.5

uV(x100)

 
3  

2  

 mg/kg BPO mg/kg �g/kg  (%) 

 3.15 3.12 

4 88 

10 90 

20 85 

      BPO 0.992 

3.  

   GC-2010 Plus 

1.0~20 μg/mL 0.134 �g/mL(3 )

85%~90%  
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16

GCMS-QP2010Ultra 16

0.008 2.0 �g/mL 16 0.9973

0.9999 0.244~8.560 μg/L(3 ) 74.0%~120.1%

 

  

 

phthalic acid ester,PAE

20% 30% PAEs

 

PAEs PAEs

ST2002

2011 6

 

 

1.  

1.1

    GCMS-QP2010 Ultra  

1.2

Rxi-5SilMS 30m×0.25mm×0.25μm 

60 (1min) _15 /min_220 _5 /min_280 (5min) 

 

 

40 cm/sec 



� 17

280  

 (1 min) 

1 �L 

EI 

230  

280  

SCAN/SIM 

5 min 

35~500 m/z 

1.3

0.1 g 5 mL

30 min, 1 mL  

2.  

2.1 16

10.0 12.5 15.0 17.5 20.0 22.5 25.0

0.25

0.50

0.75

1.00

1.25

1.50

1.75

2.00

(x1,000,000)
TIC

1 16 PAEs (2.0 �g/mL) 

1 16  

NO.  CAS No.

 

 

(min) 

 

 

 

1 

 

2 

1 DMP  131-11-3 9.225 163 77 133 
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2 DEP  84-66-2 10.383 149 177 105 

3 DIBP  84-69-5 12.500 57 104 149 

4 DBP  84-74-2 13.383 149 104 76 

5 2- DMEP 117-82-8 13.758 149 59 104 

6 4- -2- BMPP 146-50-9 14.650 149 85 167 

7 2- DEEP 605-54-9 15.092 149 73 104 

8 DPP  131-18-0 15.617 149 237 150 

9 DHXP  84-75-3 18.200 149 251 104 

10 BBP  85-68-7 18.333 149 91 206 

11 2- DBEP 117-83-9 19.992 149 101 85 

12 DCHP  84-61-7 20.725 149 55 167 

13 2- DEHP 117-81-7 20.950 149 167 71 

14 DPP  84-62-8 21.075 225 77 104 

15 DNOP  117-84-0 23.700 149 150 279 

16 DNP  84-76-4 24.400 149 57 71 

2.2

0.008 0.040 0.080 0.400 2 .000 

μg/mL  

 

                                       

 

0.0 0.5 1.0 1.5
0.00

0.25

0.50

0.75

1.00

1.25

0.0 0.5 1.0 1.5
0.0

0.5

1.0

1.5

0.0 0.5 1.0 1.5
0.0

0.5

1.0

1.5

2.0
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               2-     4- -2-  

 

    2-                        

                2-          

 

2-                           

 
 

 

0.0 0.5 1.0 1.5
0.0

0.5

1.0

1.5

2.0

0.0 0.5 1.0 1.5
0.00

0.25

0.50

0.75

1.00

0.0 0.5 1.0 1.5
0.00

0.25

0.50

0.75

1.00

0.0 0.5 1.0 1.5
0.0

0.5

1.0

1.5

2.0

2.5

0.0 0.5 1.0 1.5
0.0

0.5

1.0

1.5

2.0

2.5

0.0 0.5 1.0 1.5
0.0

0.5

1.0

1.5

2.0

0.0 0.5 1.0 1.5
0.0

2.5

5.0

7.5

0.0 0.5 1.0 1.5
0.0

1.0

2.0

0.0 0.5 1.0 1.5
0.0

0.5

1.0

1.5

0.0 0.5 1.0 1.5
0.0

0.5

1.0

1.5

0.0 0.5 1.0 1.5
0.0

0.5

1.0

1.5

0.0 0.5 1.0 1.5
0.0

0.5

1.0

1.5
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                               2 16 PAEs

2.3

0.080 �g/mL 6 3

2  

2  16  

No.    (�g/L) RSD (%) 

1 DMP 0.9999 1.711 1. 18 

2 DEP 0.9998 0.244 2.21 

3 DIBP 0.9998 0.255 3.17 

4 DBP 0.9997 0.284 3.10 

5 DMEP 0.9998 1.020 0.45 

6 BMPP 0.9996 1.620 2.74 

7 DEEP 0.9992 4.100 0.42 

8 DPP 0.9991 0.482 3.22 

9 DHXP 0.9995 0.692 2.60 

10 BBP 0.9990 1.656 3.32 

11 DBEP 0.9988 5.149 2.56 

12 DCHP 0.9991 0.899 0.85 

13 DEHP 0.9992 0.601 2.04 

14 DPP 0.9990 0.600 1.89 

15 DNOP 0.9973 1.413 1.69 

16 DNP 0.9992 8.560 1.26 

0.0 0.5 1.0 1.5
0.0

0.5

1.0

1.5
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2.4

PAEs 1 2

0.50 mg/kg 3

3  

3  

No. 

1 

No.  

2 

 

(mg/kg) (%) 

 

(mg/kg) (%) 

1 DMP ND 90.2 1 DMP ND 81.4 

2 DEP 0.70 114.6 2 DEP ND 74.0 

3 DIBP ND 118.3 3 DIBP ND 79.4 

4 DBP 2.25 105.2 4 DBP ND 82.0 

5 DMEP 1.00 84.0 5 DMEP ND 82.2 

6 BMPP 8.00 90.5 6 BMPP 1.66 83.5 

7 DEEP ND 102.0 7 DEEP ND 83.3 

8 DPP ND 105.7 8 DPP 2.10 89.1 

9 DHXP 12.05 120.1 9 DHXP ND 80.5 

10 BBP ND 108.9 10 BBP 2.25 88.0 

11 DBEP ND 108.3 11 DBEP ND 90.4 

12 DCHP ND 112.4 12 DCHP 0.044 88.1 

13 DEHP 1.45 109.7 13 DEHP 0.041 89.3 

14 DPP ND 108.0 14 DPP ND 89.3 

15 DNOP 3.00 120.3 15 DNOP 0.060 100.6 

16 DNP ND 115.2 16 DNP ND 75.8 

 

3.
   GCMS-QP2010 Ultra 16

0.008~2.0μg/mL 16

0.244~8.56 μg/L(3 ) 74.0%~120.1%

16  
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GCMS-TQ8030

GC-MS/MS

1.0~100 �g/L 0.9999 1.0 μg/L

10 RSD% 2.85% 1.0 �g/kg 10 �g/kg

95~119% 0.04 �g/kg

GC-MS/MS   

[a] BaP

 

GB2762-2005 [a]

5 �g/kg 10 �g/kg 5 �g/kg EC NO 1881/2006

[a] 2 �g/kg 5 �g/kg  

 

C18

1.0 �g/kg 10 �g/kg 95~119%

MRM  

 

1.

1.1  

GCMS-TQ8030 

1.2 

Rxi-5Sil MS 30 m × 0.25 mm × 0.25 μm 

60 (1 min) _20 /min_200 (1 min) _10 /min_ 310 (10 min) 

 

40 cm/sec 
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280  

 

    1 �L 

EI 

230  

280  

MRM 1 

1.3

2 g 40 mL 2 

min 30 min 10 min (5000 r/min) 20 mL  

10 mL C18 C18 20 

mL C18 1 mL

-d12  

 

2.

2.1

18.75 19.00 19.25 19.50 19.75 20.00

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0
(x10,000)

1 50 �g/L TIC  

1  

   CAS CE  CE

1 19.170 [a] Benzoapyrene 50-32-8 252>250 34  252>226 20

2 19.290 -d12 Perylene-d12  1520-96-3 264>260 40  264>236 25
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2.2

100 mg/L 1 5 10 20 50 100 �g/L

MRM 2 R=0.9999  

0 50 Conc. Ratio
0

1

2

3

4

Area Ratio

 

    2  

2.3

1�g/L 10 2  

2  

 1 2 3 4 5 6 7 8 9 10 
RSD

%

 0.0453 0.0448 0.0442 0.0430 0.0417 0.0439 0.0416 0.0437 0.0429 0.0424 2.854

 19.178 19.183 19.177 19.182 19.178 19.182 19.178 19.174 19.176 19.177 0.015

2.4

2g 1.0 �g/kg 10 �g/kg 3

3 95% - 119% 0.04 

�g/kg  

3  

 (�g/kg) 
 (%) 

 (%) RSD (%) 
1 2 3 

1.0 95.07 95.89 99.85 96.94  2.64  

10 110.50 118.57 115.52 114.86  3.55  

2.5

4  

 



� 25

4  

 
(�g/kg)  

 (�g/kg) 1 2 

 ND ND ND 

 

3.

GCMS-TQ8030

1.0 �g/kg 10 �g/kg 95~119%

0.04 �g/kg MRM
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B

(GF-AAS) HNO3 

+H2O2 GF-AAS 0 1.00 mg/L

 r=0.9999 4.50 mg/kg 14.80 mg/kg

84.0%  

   

borax Na2[B4O5(OH)4].8H2O

1 3 15 2 3

 

HNO3+H2O2 AA-6300C

B  

1

1.1

AA-6300C  

1.2

(1+1) 24

HNO3 H2O2 NaOH

 

1.3

0.50 g ( 0.1 mg) 6 mL 2 mL 

H2O2 2

200 3 mL 0.02 mol/L NaOH

2-3 0.02 mol/L NaOH

50 mL 0.02 mol/L NaOH
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2.

2.1

249.7 nm 0.2 nm BGC-D2 16 mA

1  

1  

 ( ) (S)    

1 80 5 RAMP REGULAR 0.10 

2 120 25 RAMP REGULAR 0.10 

3 250 10 RAMP REGULAR 0.10 

4 1000 10 RAMP REGULAR 1.00 

5 1000 10 RAMP REGULAR 1.00 

6 1000 3 STEP HIGH 0.00 

7 2800 3 STEP HIGH 0.00 

8 2800 2 STEP REGULAR 1.00 

2.3

0.00 0.20 0.60  1.00 mg/L B 0.02 mol/L NaOH

10 �L 1  

 

 

 

 

 

 

 

 

 

         1  
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B 0.00 1.00 mg/L B

r=0.9999  

2.3

11 3 B

10 B

2  

2  B  

 

(mg/L) 

 

(mg/L) 

 

(mg/kg) 

 

(mg/kg) 

0.045 0.148 4.50 14.80 

2.5

2 6 3  

3  

 
 

g  

 

mL  mg/L

 

mg/kg

RSD n=6

%  

 

mg/kg  

1# 0.5020 50 N.D N.D - 
N.D 

2# 0.5003 50 N.D N.D - 

N.D  

2.6    

0.50 mg/L B

4  

4   

 
 

(g) 

 

(mL) 

 

(�g/L) 

 

(mg/L) (mg/L) 

 

(%) 

RSD n=6

(%) 

3# 0.5012 50 N.D 0.50 0.42 84.00 3.12 

3.

B B

0.9999 84.0% RSD 3.12%  
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GB/T5009.182-2009

82%~99% RSD 0.26%  

   

 

20 70

 

100 mg/kg

GB/T5009.182-2009

 

1.

1.1

UV2450 10mm  

1.2

 

 

-  

 

 

 

1000 μg/mL  
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1.3

1%  

- 3.4 g 90 mL pH 5.5

100 ml  

0.5 g/L S 50 mg S 100 mL  

0.2 g/L 20 mg

100 mL  

10 g/L 1.0 g 100 mL  

Al 1 mL 1000 μg/mL 100 mL 10 

μg/mL 10 mL 10 μg/mL 100 mL 1 μg/mL  

1.4

85 4 h

0.6050 g 0.6054 g 0.6055 g 0.6054 g 0.6052 g 0.6052 g

5 mL 20 min 220 30 min

25 mL 1 mL 25 mL

 

1.5

1 �g/mL 0 0.5 1.0 2.0 3.0 6.0 mL 25 mL

1 mL 1% 1.0 mL 25 mL

8.0 mL - 1.0 mL 10g/L

2.0 mL 0.2 g/L 2.0 mL 0.5 g/L

S 20 min 10 mm

618 nm  

 

2.

2.1
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 y=0.17604x-0.0109 

                                 0.99954 

2.2

 

2.3

 0.6107 g 0.6185 g 50 �g 1.4

1.5 1.98ug 1.64ug

25 20 �g 82%~99%  

2.4

6 RSD% 0.26  

 

3.

GB/T5009.182-2009

0.99954 82%~99%

RSD 0.26%  
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GB/T 21918-2008 

r2=0.99848 91.7%

 

   

Borax Na2[B4O5(OH)4]•8H2O

Boric acid, CAS No.:10043-35-3

 

 

 

GB/T 21918-2008 -

UV-2700  

 

1

1.1

UV-2700  

1.2

 

10.6 g 1000 mL  

11.0 g 1.5 mL 50 mL  

- 0.10 g 100 mL  

- EHD-CHCl3 2- -1,3- 5 mL

50 mL  
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500 �g/ mL 0.0500 g

100 mL  

5 �g/ mL 1 mL 100 mL  

1.3

2.00 ~ 10.00 g 0.1 g 40 mL ~ 60 mL 2 mL

10 5 mL 5 mL 100 mL

2.00 mL 25 mL

5 mL 1+1 1 mL EHD-CHCl3 5.00 mL

2 EHD-CHCl3

 

1 mL 50 mL - 1 mL 0.5 

mL 30 25 mL 10 550 nm

 

 

2.

2.1

 

2 nm 

550 nm 

2.2

0.00 1.00 2.00 3.00 4.00 5.00 mL 25 mL

5 mL 1+1 1 mL

EHD-CHCl3 1 mL 50 mL - 1 

mL 0.5 mL 30 25 mL 10 550 nm

�g 1  
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 (�g)
0.0000 5.0000 10.0000 15.0000 20.0000 25.0000

A
bs

.

0.5000

0.4000

0.2000

0.0000

-0.0500

 y = 0.01668 x + 0.00832
  = 0.99848  

1  

2.3

2 1  

1  

 
 

(g) 

 

(mL) (�g) 

 

(�g) 

RSD n=6

(%) (mg/kg) 

1# 4.02 40 N.D N.D - 
N.D 

2# 4.02 40 N.D N.D - 

N.D  

2.4    

3.00 �g

2  

2  

 
 

(g) 

 

(mL) 

 

(�g) 

 

(�g) (�g) 

 

(%) 

1# 4.02 40 N.D 3.00 2.75 91.7 

N.D  

3.

- UV-2700

0.99848 91.7%
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GC-MS/MS QuEChERS 54

 

 GC-MS/MS 54

1~100 μg/L 0.999 5 μg/L

6 RSD% 6.0% 10 g

LOD 1.0 μg/kg 0.005 mg/kg 0.02 mg/kg

70.0~120.0%  

GC-MS/MS  QuEChERS    

 

(MRLs)

2013 3 1 GB 2763-2012

18  

QuEChERS GC-MS/MS MRM

 

 

1.

1.1

    GCMS-TQ8030 

1.2

GC-MS/MS

Rxi-5 ms 30m×0.25mm×0.25�m 

250  

50 (1min)_25 /min_150 _ 10 /min_300 (5 min) 

47.6 cm/sec 
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1min 

250kPa 1min       

200   

  230  

MRM 1 

 

1.3

1  

 

1  

1 MRM  

 min  
 CAS 

CE  CE  

1 5.110  
O,O,O-triethylphosphorothioate  

126-68-1 198>114 15  198>121 15

2 5.860  Dichlorvos  62-73-7 185>93 14  185>109 14

3 7.650  Mevinphos  7786-34-7 192>164 4  192>127 12

4 8.850  Isoprocarb  2631-40-5 136>121 10  136>103 22

5 8.955  Molinate  2212-67-1 126>55 14  126>83 6

5000r/min 10min 

100mg PSA 300mg  

GC-MS/MS �

2.0 mL  

5min �

10g  

4g 1g  

5min 

12mL +10mL ( 1.0% ) 
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6 9.580  Thionazine  297-97-2 143>79 15  143>52 25

7 9.930  Ethoprophos  13194-48-4 200>158 6  200>114 14

8 10.325  Sulfotep  3689-24-5 322>294 4  322>202 10

9 10.400  Monocrotophos  6923-22-4 127>109 12  127>95 16

10 10.555  Phorate  298-02-2 260>75 8  260>231 4

11 10.665  �-666 Alpha-HCH  319-84-6 219>183 8  219>145 18

12 10.745  Hexachlorobenzene  118-74-1 185>93 14  185>109 16

13 10.905  Demton S  8065-48-3 142>112 6  142>79 14

14 10.905  Dimethoate  60-51-5 125>79 8  125>47 14

15 11.055  Simazine  122-34-9 201>173 6  201>186 6

16 11.150  Atrazine  1912-24-9 215>58 14  215>200 6

17 11.165  �-666 Beta-HCH  319-85-7 219>183 8  219>147 20

18 11.345  �-666 Gamma-HCH  58-89-8 219>183 8  219>147 20

19 11.555  Diazinon  333-41-5 304>179 10  304>162 8

20 11.665  Chlorothalonil  1897-45-6 266>231 14  266>168 22

21 11.770  Disulfoton  298-04-4 186>97 16  186>153 6

22 11.900  �-666 Delta-HCH  319-86-8 219>183 10  219>145 22

23 12.620  Methyl parathion  298-00-0 263>109 14  263>136 8

24 12.810  Heptachlor  76-44-8 272>237 20  272>117 32

25 12.840  Fenchlorphos  299-84-3 285>270 16  285>93 24

26 13.070  Pirimiphos-methyl  29232-93-7 305>180 8  305>290 12

27 13.290  Malathion  121-75-5 173>127 6  173>99 14

28 13.435  Chlorpyrifos  2921-88-2 314>258 14  314>286 8

29 13.510  Fenthion  55-38-9 278>109 20  278>125 20

30 13.580  Parathion  56-38-2 291>109 14  291>137 6

31 13.770  trichloronat  327-98-0 297>269 14  297>223 26

32 14.290  Heptachlor-exoepoxide  1024-57-3 353>263 14  353>282 12

33 14.330  tributyl phosphorotrithioite 150-50-5 298>190 8  290>156 8

34 14.390  Quinalphos  13593-03-8 157>129 14  157>93 10

35 14.770  o,p'-DDE 3424-82-6 246>176 30  246>211 22

36 14.785  Tetrachlorvinphos  22248-79-9 329>109 20  329>314 18

37 15.215  Prothiofos  34643-46-4 339>160 18  339>267 4

38 15.250  Pretilachlor  51218-49-6 262>202 10  262>174 18

39 15.390  p,p'-DDE 72-55-9 246>176 28  246>211 22

40 16.030  Fensulfothion  115-90-2 293>153 8  293>125 14

41 16.175  o,p'-DDD 53-19-0 235>165 24  235>199 14

42 16.230  o,p'-DDT 789-02-6 235>165 24  235>199 16

43 16.470  Sulprofos  35400-43-2 322>156 8  322>97 24

44 16.575  Famphur  52-85-7 218>109 16  218>79 24

45 16.890  p,p'-DDT 50-29-3 235>165 24  235>199 16

46 17.755  Bifenthrin  82657-04-3 181>166 12  181>153 15

47 17.780  EPN  2104-64-5 169>141 8  169>77 22

48 17.935  Fenpropathrin  39515-41-8 265>210 12  265>172 14

49 18.475  Azinphos-methyl  86-50-0 160>132 6  160>77 20
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50 18.555  -1 Cyhalothrin-1  68085-85-8 197>161 8  197>141 12

51 18.730  -2 Cyhalothrin-2  68085-85-8 197>161 8  197>141 12

52 19.665  Coumaphos  56-72-4 362>109 14  362>226 12

53 20.070  -1 Cyflurthrin-1  68359-37-5 226>206 14  226>199 6

54 20.170  -2 Cyflurthrin-2  68359-37-5 226>206 14  226>199 6

55 20.220  -3 Cyflurthrin-3  68359-37-5 226>206 14  226>199 6

56 20.265  -4 Cyflurthrin-4  68359-37-5 226>206 14  226>199 6

57 20.400  -1 Cypermethrin-1  52315-07-8 181>152 22  181>127 22

58 20.495  -2 Cypermethrin-2  52315-07-8 181>152 22  181>127 22

59 20.555  -3 Cypermethrin-3  52315-07-8 181>152 22  181>127 22

60 20.600  -4 Cypermethrin-4  52315-07-8 181>152 22  181>127 22

61 21.285  -1 Fenvalerate-1  51630-58-1 419>225 6  419>167 12

62 21.480  -2 Fenvalerate-2  51630-58-1 419>225 6  419>167 12

63 21.845  -1 Deltamethrin-1  52918-63-5 253>93 18  253>172 4

64 22.050  -2 Deltamethrin-2  52918-63-5 253>93 20  253>172 8

2.

2.1

7.5 10.0 12.5 15.0 17.5 20.0

0.00

0.25

0.50

0.75

1.00

(x10,000,000)

2 100 μg/L MRM  

2.2

1 2 5 10 20 50 100 μg/L

3 5 μg/L

6 RSD MRM

2 LOD RSD

2  
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0 Conc. Ratio
0.0

2.5

5.0

7.5

Area Ratio

 0 Conc. Ratio
0.0

0.5

1.0

1.5

2.0

2.5
Area Ratio

0 Conc. Ratio
0.0

2.5

5.0

7.5

10.0

Area Ratio

 

                                                      

8.75 9.00

0.0

2.5

5.0

7.5

(x100,000)

136.00>103.00
136.00>121.00

8.
86

0

13.00 13.25

0.0

0.5

1.0

1.5

2.0

(x100,000)

305.10>290.10
305.10>180.10

13
.0

59

13.00 13.25 13.50

0.0

2.5

5.0

7.5

(x100,000)

173.10>127.00
173.10>99.00

13
.2

81

 

                                                       

3 3  

2 LOD RSD %   

 
 

r 

LOD 

(μg/kg) 

RSD% 

(n=6)  
r 

LOD

μg/kg) 

RSD%

(n=6) 

1  0.9993 0.055 1.75 28  0.9997 0.001 3.27 

2  0.9993 0.125 2.93 29  0.9997 0.112 5.73 

3  0.9990 0.543 2.87 30  0.9999 0.002 2.46 

4  0.9994 0.333 3.50 31  0.9998 0.027 1.94 

5  0.9996 0.693 5.73 32  0.9999 0.011 4.78 

6  0.9990 0.062 5.35 33  0.9999 0.481 5.64 

7  0.9992 0.366 5.48 34 o,p'-DDE 0.9999 0.044 3.47 

8  0.9996 0.007 3.55 35  0.9998 0.003 5.09 

9  0.9992 0.109 3.16 36  0.9995 0.003 4.22 

10  0.9995 0.007 4.34 37  0.9999 0.113 2.70 

11 �-666 0.9998 0.662 4.23 38 p,p'-DDE 0.9999 0.016 3.47 

12  0.9997 0.013 5.34 39  0.9990 0.019 5.40 

13  0.9992 0.068 4.94 40 o,p'-DDD 0.9999 0.016 4.25 

14  0.9996 2.708 4.85 41 o,p'-DDT 0.9992 0.036 5.96 

15  0.9996 0.459 4.84 42  0.9998 0.003 4.49 

16  0.9997 0.287 5.33 43  0.9996 0.028 4.26 
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17 �-666 0.9993 0.002 3.48 44 p,p'-DDT 0.9995 0.029 6.79 

18 �-666 0.9996 0.012 5.89 45  0.9995 0.024 4.32 

19  0.9995 0.005 5.43 46  0.9991 0.190 3.93 

20  0.9994 0.066 5.78 47  0.9997 0.106 2.71 

21  0.9991 1.398 3.75 48  0.9992 0.320 5.61 

22 �-666 0.9992 0.002 4.48 49 0.9994 0.184 5.73 

23  0.9997 0.440 4.66 50  0.9998 0.004 5.14 

24  0.9999 0.031 3.30 51 0.9992 0.241 4.94 

25  0.9999 0.142 2.33 52  0.9995 0.016 3.15 

26  0.9996 0.004 3.65 53  0.9995 0.014 2.67 

27  0.9999 0.001 3.40 54  0.9993 0.774 2.59 

2.3

0.005 mg/kg 0.02 mg/kg 5

5 RSD% 3  

3  

  
 0.005mg/kg  0.02mg/kg 

% RSD % % RSD %  

1  98.07 1.05 101.58 2.77 

2  99.29 0.91 96.80 3.17 

3  116.26 1.34 112.66 3.34 

4  123.99 1.03 114.86 3.74 

5  80.83 1.39 107.96 1.81 

6  108.03 1.11 100.49 3.17 

7  116.08 0.63 114.54 1.90 

8  126.52 0.74 116.77 2.49 

9  72.53 0.28 86.95 0.50 

10  113.92 0.70 112.01 2.24 

11 �-666 119.48 0.78 106.65 5.52 

12  95.75 0.91 98.98 2.62 

13  113.46 1.10 99.72 1.22 

14  111.44 0.54 104.01 1.58 

15  82.61 0.21 86.41 0.37 

16  107.41 0.18 108.47 0.35 

17 �-666 115.63 0.60 103.83 2.44 

18 �-666 108.30 0.75 97.81 3.15 

19  119.83 0.51 106.61 1.51 

20  99.12 0.37 97.33 1.25 

21  106.09 1.26 107.08 0.69 

22 �-666 115.72 0.34 107.10 0.91 

23  113.93 0.32 112.92 1.19 

24  114.81 0.50 99.18 1.22 
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25  119.96 0.26 110.20 0.82 

26  113.43 0.23 104.50 0.46 

27  120.07 0.23 114.71 0.31 

28  109.57 0.36 98.48 0.33 

29  111.51 0.16 104.46 0.37 

30  116.48 0.17 112.76 0.48 

31  114.71 0.16 111.49 0.48 

32  119.04 0.22 102.26 0.79 

33  121.42 0.25 110.26 0.54 

34 o,p'-DDE 107.54 0.12 106.09 0.59 

35  110.32 0.16 109.30 0.35 

36  85.21 0.31 95.90 3.39 

37  119.69 0.16 108.55 0.90 

38 p,p'-DDE 105.04 0.14 104.33 0.57 

39  122.58 0.28 116.85 1.48 

40 o,p'-DDD 105.07 0.27 103.50 1.64 

41 o,p'-DDT 106.43 0.37 98.23 1.19 

42  108.70 0.17 103.17 0.87 

43  109.54 0.13 106.76 0.91 

44 p,p'-DDT 111.69 0.51 88.66 1.90 

45  104.04 0.23 98.61 1.31 

46  106.86 0.16 100.98 1.04 

47  105.13 0.14 105.98 0.93 

48  103.01 0.38 91.23 0.72 

49  119.25 0.17 100.84 0.86 

50  110.15 0.17 106.49 0.72 

51  122.79 0.33 103.01 1.02 

52  112.11 0.45 101.26 0.83 

53  118.50 0.21 106.39 1.10 

54  111.69 0.28 100.76 0.97 

  

2.4

5.0 7.5 10.0 12.5 15.0 17.5 20.0

0.0

0.5

1.0

1.5

2.0

(x1,000,000)

 

4 MRM  
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4  

  μg/kg) 

1 
 0.047 

 4.865 

2 

 0.303 

 1.487 

 0.200 

 

3

GCMS-TQ8030 QuEChERS

54

0.005 mg/kg 0.02 mg/kg 70.0% 120.0%
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GCMS

0.00~1.4 

�g/mL 0.998 0.2 �g/mL 6

1.67% 92.6 %

0.0002 �g/L  

    

 

 ( )

1 2-

 

(Ethylene dibromide) ,

 

GCMS-QP2010 Ultra GB/T5009.73-2003

 

 

1

1.1

    GCMS-QP2010 Ultra 

1.2

    GCMS  

Rtx-5MS, 30 m×0.25mm×0.25�m 

250  

 

3 mL/min 

40 (5 min)_15 /min_100 (1min) _20 /min_280  

 

49.5kPa 

1.00 mL/min 
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EI 

230  

280  

SIM 

1.3

25 g 0.001 g 250 mL 150 mL -

5+1 20~25 48 h 24 h 10.0 mL 25 mL

2 g 2 min 30 min GCMS  

 

2  

2.1  

1 1  

4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0
(x10,000)

188.00 (10.00)
109.00 (1.07)
107.00 (1.00)
TIC

 

1 (1.0�g/mL)  

1  

  CAS N0.
min  

  

 Ethylene dibromide 106-93-4 6.270 107 109 188 

2.2

0.1 0.2 1.0 1.4 �g/mL
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0.00 0.25 0.50 0.75 1.00 1.25
0.0

0.5

1.0

1.5
(x100,000)

 2 R = 0.998

2.3

0.1�g/mL 3

0.0002 �g/mL  

2.4

0.2�g/mL 6

2  

2  

No. 1 2 3 4 5 6 RSD (%) 

 26345 26894 25786 26459 26890 26897 1.67 

 6.272 6.272 6.272 6.271 6.270 6.265 0.04 

2.5

0.6 �g/mL 3  

5.25 5.50 5.75 6.00 6.25 6.50 6.75 7.00 7.25 7.50 7.75 8.00 8.25

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

(x10,000)

188.00 (50.00)
109.00 (1.07)
107.00 (1.00)
TIC

 

3  

 

�
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3  

No. �g/mL  �g/mL %  %

1 

0.6 

0.573 95.5 

92.6 2 0.609 101.5 

3 0.485 80.8 

3

    GCMS-QP2010 Ultra

0~1.4 �g/mL 0.998 6

1.67% 92.6%  
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GC-2010 Plus

0.005~0.1 μg/mL r 0.999

0.01 μg/mL RSD 2.19% 0.0003 �g/mL 3

82.5%  

   

 

,

1963

 

0.05 

mg/kg 0.1 mg/kg

0.05mg/kg MRL 0.05 mg/kg  

GC-2010 Plus GB/T5009.180-2003

 

 

1.

1.1

    GC-2010 Plus  

1.2

GC  

230  

1�L 

 

1 min 

 

 

100kPa 

Rtx-1, 30m×0.25mm×0.25μm 
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60 (1 min)_30 /min_240 (10min) 

ECD 

250  

1.0nA 

30 mL/min 

1.3

1.3.1

5g 0.0001 100 mL 10 mL

10 min 25 mL 25 mL 1 mL

2 mL  

1.3.2

PT- 4 mL 4 mL — 2+1 2 mL

 

1.3.3

10 mL — 2+1

5 mL 1.0 mL  

 

2.  

2.1

2.5 5.0 7.5 10.0 12.5 15.0 min

0.0

1.0

2.0

3.0

4.0

5.0uV(x10,000)

1 (0.04 �g/mL) 

2.2

0.005 0.01 0.02 0.04 0.06 0.1 μg/mL

2  
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 0.000 0.025 0.050 0.075
0.0

0.5

1.0

1.5

2.0
(x100,000)

 
     2  

2.3

0.01 �g/mL 6 3

1 2  

 

1  

  CAS No.  �g/mL

 Oxadiazon 19666-30-9 0.999 0.0003 

 

2  

�g/mL   RSD%  RSD% 

0.01 23925 2.19 13.221 0.004 

 

2.4

0.04 �g/mL 3  

9.0 10.0 11.0 12.0 13.0 14.0 15.0 min

0.0

0.5

1.0

1.5

2.0

2.5

3.0

uV(x10,000)

 
3  

 

 

R=0.999 
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3  

No. �g/mL  �g/mL %  %

1 

0.04 

0.033 82.5 

82.5 2 0.032 80.0 

3 0.034 85.0 

3.  

GC-2010 Plus 0.005~0.1μg/mL

0.0003 �g/mL(3 ) 82.5%
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R=0.9998 100.30 106.59% 0.07 �g/L

 

    

 

2013 6 1 GB 2762-2012

Cd 0.2 mg/kg.  

 

 

1.

1.1

AA 7000( ) 

 

 

1.2

228.8 nm        

0.7 nm 

BGC-D2       
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8 mA 

1.3

    ( ) 

    ( ) 

1.4

0.5 g 5 mL 2 mL

25 mL  

 

2.  

2.1

    (Cd 0.00 0.50 1.00 2.00 3.00 �g/L)  

 

         1  

    0.00 3.00 �g/L

r=0.9998  

2.2

    1# 2# 1# 2#

 

1  

 (mg/kg) RSD% 

1# 1.28 0.33 

2# 1.36 0.31 

1# 0.11 0.37 

2# 0.13 0.26 
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2.3

    11 3

0.07 �g/L 1 #

2  

2  

 

 

 

 
 

 

(mg/L) 

 

(%) 

1# 0.51 0.50 

1.04 106.59 

1.01 100.30 

1.03 105.00 

3.  

    AA7000 (SN0778-1999)
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HVG-ICP-AES

GB 2762-2012 ICP-AES

GBW10010

0.01 0.006 mg/kg  

      

2013 6 1 GB 

2762-2012 0.02 mg/kg

0.5 mg/kg HVG-ICP-AES GBW10010

HVG-ICP-AES  

1

1.1

ICPE-9000                

HVG-1  

1.2

1+1 24

HNO3  

HVG 2.5 g 2.0 g 500 mL

208 mL 500 mL 5 M HCl  

1.3

1.00 g 0.1 mg GBW10010

8 mL 1

2 min 25 mL 2.5 mL 50 g/L

10% 15  
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2.

2.1

1  

1  

 

 

 

 

 

 
 

 

L/min

 

L/min  L/min

 

MHz  kW  

  Mini  10 0.6 0.7 27.12 1.2 

* 30s 

2.2

10 mL 50 g/L 10% 100 mL

15 min 2 1 2  

2  

   �g/L  

As 0.00 2.00 5.00 20.0 

Hg 0.00 0.50 1.00 10.0 

 

 

 

 

 

 

 

 

 

 

 

      1  

 

0 5 10 15 20
Concentration (ug/L)

0

10

20

30

40

50

60

70

In
te

ns
ity

As 193.759 nm (1)

r = 0.99998
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          2  

r 0.9999  

2.4

2  

                                        3  

4  

2.5

10 3

0.0 2.5 5.0 7.5 10.0
Concentration (ug/L)

0

50

100

150

200

250

300

350

400

450

In
te

ns
ity

Hg 184.950 nm (1)

r = 0.99998

75

100

In
te

ns
ity

As 193.759 Best 
1  

GBW10010 �

STD� � 5��g/L�

50

75

100

In
te

ns
ity

Hg 184.950 Best 
1  

STD� � 0.5��g/L�

GBW10010 �



�

� 58

3  

3   

 (�g/L) (mg/kg) 

As         0.49           0.01 

Hg         0.03          0.0006 

GB 2762-2012

2013 6 1 0.5 mg/kg 0.02 mg/kg  

2.6

GBW10010 4  

4  GBW10010  

 

 g  

 

mL  

 

�g/L  mg/kg

GBW10010  

mg/kg  

RSD 

%  

As 1.2047 25 4.64 96.20 102±8 2.62 

Hg 1.2013 25 0.267 0.0055 0.0053±0.0005 5.66 

 

3.

GB 2762-2012 ICP-AES

GBW10010

0.01 0.006 mg/kg  



�

� 59

ICP-AES

GB 2762-2012 ICP-AES

GBW10010

0.006 mg/kg

 

    ICP-AES  

16~38 

GB 2762-2012 2013 6 1

0.2 mg/kg ICP-AES GBW10010

ICP-AES  

 

1

1.1

ICPE-9000  

1.2

1+1 24

HNO3  

1.3

1.00 g 0.1 mg GBW10010

8 mL 1

2% 25 mL  
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2.

2.1

1  

1  

 

 

 

 

 

 
 

 

L/min

 

L/min  L/min

 

MHz  kW  

  Mini  10 0.6 0.7 27.12 1.2 

* 40s 

2.2

2% 2  

2  

                          �g/L  

Cd 0.00 5.00 10.0 20.0 30.0 

 

 

 

 

 

 

 

 

 

 

     1  

0.00 30 �g/L r 0.9999  

2.4

2  

                                        

0 10 20 30
Concentration (ug/L)

0

50

100

150

200

250

300

350

400

450

500

In
te

ns
ity

Cd 214.438 nm (1)

r = 0.99997
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                                     2  

2.5

10 3

3  

3   

 (�g/L) (mg/kg) 

Cd         0.28        0.006 

0.006 mg/kg GB 2762-2012

2013 6 1 0.2 mg/kg  

2.6

GBW10010 4  

4  GBW10010  

 
 

g  

 

mL  

 

�g/L  mg/kg

GBW10010  

mg/kg  

RSD 

%  

Cd 1.1283 25 3.80 0.084 0.085±0.005 1.62 

 

3.

GB 2762-2012 ICP-AES

GBW10010

0.006 mg/kg

 

200

300
In

te
ns

ity

Cd 214.438 Best 
1  

GBW10010 �
STD�5��g/L�
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�

�

MultiNA

MultiNA “ ” 3 PCR 0.65 kbp 0.77 kbp

0.87 kbp  

MultiNA  

�

PCR

DNA

 

13 BCEIA 2009 MultiNA

DNA/RNA

MultiNA DNA

 

MultiNA GB/T19557.7-2004

 

�

   MCE-202“MultiNA”  

DNA 20 9103 

PCR RR211A 

 DNA-2500 Reagent Kit for MultiNA P/N 292-27912-91 

SYBR Gold nucleic acid gel stain Invitrogen S-11494 

pGEM DNA Markers promega G1741 

10 DNA ( )
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20 DNA DNA

10 ng/L DNA PCR PCR

MultiNA PCR  

�

1� �

�

�
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2 DNA PCR  

Ladder: pGEM® DNA Markers (Promega) 

NC: Negative Control 

PC: Positive Control 

10 20 DNA PCR

PCR MultiNA PCR 2 NC PCR Negative 

Control DNA PC Positive Control PCR Control Template

PCR Control Template PCR 0.88 kbp 2.7 kbp

Negative Control Positive Control

PCR  

2 Marker DNA solution 4 DNA 0.65 kbp, 

0.77 kbp, 0.87 kbp, 1.6 kbp Marker DNA solution “

” 0.65 kbp  0.77 kbp  0.87 kbp3 PCR

“ ” 1.6 kbp PCR 10

5 “ ” 3 “ ”

5 “ ” “ ”

 

 

3.  

MultiNA 108

75 1

DNA/RNA
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LC-30A

LC-30A

LC-30A

0.1 �g/mL~ 10 �g/mL 0.9999 0.03 �g/mL

0.09 �g/mL 0.2 �g/mL 1 �g/mL 5 �g/mL 6

0.06~0.14% 0.43~1.08% 1 mg/kg

95.4%   

   

(Deoxynivalenol, DON, CAS No. 51481-10-8)

DON

1.0 mg/kg

GB2761-2011 

1.0 mg/kg  

    

 

GB/T23503-2009  

0.5 

mg/kg  

GB/T23503-2009 LC-30A

 

 

1.  

1.1  
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LC-30A LC-30AD

DGU-20A5 SIL-30AC CTO-30A SPD-M20A

CBM-20Alite LabSolutions Ver. 5.42SP3  

1.2

Shim-pack XR-ODS III 2.0 mmI.D.×50 mm L., 1.6 �m 

A B  

0.6mL/min 

3 �L 

40  

218 nm 190-370 nm  

B 15% 1  

1  

Time(min) Module Command Value 

1.00 Pumps Pump B Conc. 30 

1.50 Pumps Pump B Conc. 30 

1.51 Pumps Pump B Conc. 15 

5.00 Controller Stop  

1.3

    100 �g/mL - 15:85

v/v 0.1 �g/mL 0.2 �g/mL 0.5 �g/mL 1 �g/mL 2 �g/mL 5 �g/mL

10 �g/mL  

1 mm 25 g

100 mL 5 g 2 min

2 mL

1 /s 5 mL

1 /s ~2 /s 2~3 mL 1 mL

1 /s - 15:85 v/v

1 mL 0.22 �m  
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2.  

2.1

1 1.031 min 218 nm  

 

 

 

 

  1 2.0 �g/mL  

2.2

7 1.2

2 Y = (3651.0)X 

+ (-212.315) 0.1~10 �g/mL 0.9999  

 

 

 

 

 

     2  

2.3

    0.1 �g/mL LabSolutions

3 10 ) 17.81

0.03 �g/mL 0.09�g/mL 0.1 �g/mL   

0.0 1.0 2.0 3.0 4.0 min
-0.25

0.00

0.25

0.50

0.75

1.00mAU
218nm,4nm (1.00)

D
O

N

 

   3 0.1 �g/mL  

0.0 1.0 2.0 3.0 4.0 min
-0.5

0.0

0.5

1.0

1.5

2.0

2.5

mAU
218nm4nm (1.00)

D
O

N

0.0 2.5 5.0 7.5 Conc.
0

5000

10000

15000

20000

25000

30000

35000

Area
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2.4

0.2 mg/L 1 mg/L 5mg/L 6

0.06~0.14% 0.43~1.08%

 

2 n=6  

(mg/L) RSD RSD 

0.2 0.10% 1.08% 

1 0.14% 0.88% 

5 0.06% 0.43% 

2.5

1.3

1 mg/kg 2 0.5 �g/mL 4

5 6

95.4% 3  

0.0 1.0 2.0 3.0 4.0 min
-0.5

0.0

0.5

1.0

1.5

2.0

2.5

mAU
218nm,4nm (1.00)

D
O

N

 

  4 0.5 �g/mL  

0.0 1.0 2.0 3.0 4.0 min
-0.5

0.0

0.5

1.0

1.5

2.0

2.5

mAU
218nm,4nm (1.00)

 

     5  
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0.0 1.0 2.0 3.0 4.0 min
-0.5

0.0

0.5

1.0

1.5

2.0

2.5

mAU
218nm,4nm (1.00)

D
O

N

 

    6 1 mg/kg  

3  

 
 

(mg/kg) 

 

(mg/kg) 

 

(%)          

-1 1 0.946 94.6 

-2 1 0.962 96.2 

 -- --  95.4 

3.

LC-30A

0.1�g/mL~10 �g/mL

0.9999 0.03 �g/mL 0.09 �g/mL 0.2 �g/mL 1 �g/mL

5 �g/mL 6

0.06~0.14% 0.43~1.08% 1 mg/kg 95.4%.
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LC-30A

LC-30A

B1 B2 0.125 �g/mL ~ 2.5 �g/mL

0.9995 2 �L 0.02 0.01 �g/mL 0.06 0.03 

�g/mL 6 0.048~0.085%

1.337~1.798% 78.4%~87.5%

 

    

 

 (Fumonisin, FB) 

GB2761-2011 

FDA 2 mg/kg  

    

 

    LC-30A B1 B2

 

 

1  

1.1  

    LC-30A LC-30AD

DGU-20A5R SIL-30AC CTO-30A RF-20AXS

CBM-20A LabSolutions Ver. 5.42SP3  

1.2

1.2.1 25 mL 25 mL 50 mL  

1.2.2 PBS 8.0 g 1.2 g 0.2 g 0.2 g 
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990 mL 2 mol/L pH 7.0 1 L  

1.2.3 OPA 40 mg OPA 1 mL 0.1 mol/L Na2B4O7 5mL

2- MCE 50 �L 1  

1.3

Shim-pack XR-ODS II 3.0 mmI.D.×75 mm L., 2.2 �m 

A 0.1 mol/L B 72:28 v/v pH 3.5  

1.0 mL/min 

2 �L     40  

Ex=335 nm Em 440 nm 

 

1.4

1.4.1 B1 B2 + 1+1 0.125 0.25 0.5 1.0 2.5 �g/mL

 

1.4.2  

    20 g 250 mL 50 mL

20 min 2500 g 10 min

50 mL

10 mL 100 mL 40 mL PBS

10 mL  

    10 mL 10 mL

1 2 /

10 mL PBS

1.5 mL

1 mL/min ~2 mL/min 60

4 + 1+1 400 �L

0.22 �m  

    50 �L 1 mL

50 �L OPA 30 s 3 min 2 �L
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2.  

2.1

2.5 �g/mL 1 B1 B2 2.456 min

6.927 min  

0.0 2.5 5.0 7.5 min

0

500

1000

1500
mV

B
1

B
2

 

1 B1 B2  

2.2

5

2 3

1  

0.0 0.5 1.0 1.5 2.0
0

1000000

2000000

3000000

4000000

0.0 0.5 1.0 1.5 2.0
0

2500000

5000000

 

          2 B1               3 B2  

1  

 CAS No. Y= aX+b R 

B1(Fumonisin B1, FB1) 116355-83-0 Y=182437X-3393 0.9995 

B2(Fumonisin B2, FB2) 116355-84-1 Y=232351X-2991 0.9999 

2.3

    0.125 �g/mL 3

10 ) 2 4  
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0.0 2.5 5.0 7.5 min

0

25

50

75mV

B1

B2

 

4  

2 (�g/mL) 

   

B1 0.02 0.06 

B2 0.01 0.03 

2.4

6

0.048~0.085% 1.337~1.798%  

3 n=6  

(�g/mL)  R.T. (RSD%) Area (RSD%) 

0.2 
 B1 0.079 1.765 

 B2 0.064 1.337 

1.0 
 B1 0.085 1.558 

 B2 0.072 1.332 

2.0 
 B1 0.048 1.652 

 B2 0.064 1.798 

2.5

B1 0.04 mg/kg

5 5 6

4  



�

� 75

0.0 2.5 5.0 7.5 min

0

25

50

75

mV

B
1

0.0 2.5 5.0 7.5 min

0

250

500

mV

B
1

B
2

 

            5             6 ( 2.0 mg/kg) 

4  

 

 
 

 

(mg/kg) (%) 

1 
B1 0.2 87.0 

B2 0.2 82.7 

2 
B1 1.0 84.6 

B2 1.0 78.4 

3 
B1 2.0 87.5 

B2 2.0 81.7 

3.

LC-30A
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LC-30A A

LC-30A A

0.5 �g/L ~ 50 �g/L 0.9999

2 �L 0.15 �g/L 0.5 �g/L

0.03~0.31% 0.41~1.91%

88.3%~96.7%  

A   

 (Ochratoxins) A B C D 4

A (Ochratoxin A ,OTA) A

B

A

GB2761-2011 

A 5 �g/kg  

A

 

GB/T 5009.96-2003 LC-30A

A  

 

1.  

1.1  

    LC-30A LC-30AD

DGU-20A5R SIL-30AC CTO-30A RF-20AXS

CBM-20A LabSolutions Ver. 5.42SP3  

1.2

1.2.2 PBS 8.0 g 1.2 g 0.2 g 0.2 g 

990 mL 2 mol/L pH 7.0 1 L

1  
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1.3

Shim-pack XR-ODS II 3.0 mmI.D.×75 mm L., 2.2 �m 

A 2% B 60:40 V/V  

1.0 mL/min 

2 �L     40  

Ex=333 nm Em 460 nm 

 

1.4

1.4.1

A 0.5 �g/L 1 �g/L 2 �g/L 5 �g/ L

20 �g/ L 50 �g/ L  

1.4.2

    50.0 g 5.0 g 100 mL - 80+20

22000 r/min 2 min

10.0 mL 40.0 mL PBS

 

10 mL 10.0 mL

1 2 /

2 mL 3 mL 10 mL PBS 10 mL

2 mL 3 mL

1.0 mL 1 mL/min 2 mL/min 0.22 

�m  

 

2.  

2.1

5 �g/L 1 4.656 min. 
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0.0 2.5 5.0 min

0

10

20

30

40

mV

 

1 A  

2.2

6 A

2

1  

0 10 20 30 40
0

250000

500000

750000

 

2 A  

 1  

 CAS No. Y= aX+b R 

A(Ochratoxins A ,OTA) 303-47-9 Y=16794.1X+224.25 0.9999 

2.3

    0. 5 �g/L 3

10 0.15 �g/L 0.5 �g/L 3  

0.0 2.5 5.0 min

0

1

2

3

4

mV

 

3  

2.4
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6

0.03~0.31% 0.41~1.91%  

2 n=6  

(�g/L) R.T. (RSD%) Area (RSD%) 

0.5 0.31 1.91 

5 0.04 1.01 

20 0.03 0.41 

2.5

A

5 4 5

3  

0.0 2.5 5.0 min

0

5

10

15

20
mV

0.0 2.5 5.0 min

0

5

10

15

20

mV

 

       4                5 ( 5 �g/kg) 

3  

 

 

 

(�g/kg) 

 

(�g/kg) 

 

(%) 

1 2 0.5 96.7 

2 5 0.5 88.3 

3 10 0.5 92.4 

3

LC-30A A
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LC-30A

LC-30A

G1 B1 0.2 �g/L ~ 50 �g/L G2 B2 0.06 �g/L 

~ 15 �g/L 0.9999 2 �L 0.002 ~ 0.019 �g/L

0.007 ~0.065 �g/L (G1 B1 0.5 2 10 �g/L G2 B2 0.15 0.6

3 �g/L) 6 0.11~0.39%

0.13~1.34% 88.8%~108%  

   

(AFT)

GB2761-2011 B1 20 

�g/kg  

B1 G1

 

     

 

      

LC-30A

G1 B1 G2 B2  

 

1.  

1.1  

LC-30A LC-30AD

DGU-20A5R SIL-30AC CTO-30A RF-20AXS
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CBM-20Alite LabSolutions Ver. 5.42SP3 Romer AflaStar R

 

1.2

Shim-pack XR-ODS III 2.0 mmI.D.×50 mm L., 1.6 �m 

/ 45/55,v/v  

0.2mL/min 

2 �L  

30  

Ex=360 nm Em 440 nm 

1.3

    (B1,G1: 1.0 mg/L; B2,G2: 0.30 mg/L)

B1 G1: 0.2 0.5 1.0 2.0 5.0 10 20 50 �g/L B2 G2: 0.06 0.15 0.30

0.60 1.5 3.0 6.0 15 �g/L8  

    25 g±0.1 g 20 250 mL

100 mL / 80/20,v/v 2 min 2 mL

12mL 1~2 /s 2×5 mL

1~2 /s 2×0.5 mL 2×0.5 mL

2mL 0.22 �m  

 

2.  

2.1

1  G1 B1 0.5 �g/L  G2 B2 0.15 �g/L

2.110 2.584 3.288 4.105  

0.0 1.0 2.0 3.0 4.0 5.0 min

0.0

0.1

0.2

0.3

0.4

0.5

0.6mV
Detector A Ex:360nm,Em:440nm 

G
2

G
1

B
2

B
1

 
1 G2 G1 B2 B1  

2.2
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8 1.2

2 3 4 5

2  

0.0 2.5 5.0 7.5 10.0 12.5 Conc.
0

25000

50000

75000

100000

125000

150000

175000
Area

0 10 20 30 40 Conc.
0

25000

50000

75000

100000
Area

 

2 G2              3 G1  

0.0 2.5 5.0 7.5 10.0 12.5 Conc.
0

50000

100000

150000

200000

250000

300000

350000
Area

0 10 20 30 40 Conc.
0

50000

100000

150000

200000

250000

Area

 
         4 B2            5 B1  

2  

 CAS No. Y= aX+b R 

G2(Aflatoxin G2) 7241-98-7 Y=11213.00X 0.9999 

G1(Aflatoxin G1) 7220-81-7 Y=1958.68X 0.9999 

B2(Aflatoxin B2) 1165-39-5 Y=22545.30X 0.9999 

B1(Aflatoxin B1) 1162-65-8 Y=5506.77X 0.9999 

2.3

    G1 B1 0.2 �g/L G2 B2 0.06 �g/L

LabSolutions ASTM 4.75-5.75 min

3 10 ) 3 6  

0.0 1.0 2.0 3.0 4.0 5.0 min

0.00

0.05

0.10

0.15

0.20

0.25
mV
Detector A Ex:360nm,Em:440nm 

G
2

G
1

B
2

B
1

 

6   
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3 (�g/L) 

  

G2 0.003 0.011 

G1 0.019 0.065 

B2 0.002 0.007 

B1 0.009 0.030 

2.4

6

0.11~0.39% 0.13~1.34%  

4 n=6  

  R.T. (RSD%) Area (RSD%) 

G1 

0.5 0.128 1.344 

2.0 0.390 0.687 

10 0.122 0.219 

B1 

0.5 0.140 1.333 

2.0 0.374 0.274 

10 0.111 0.472 

G2 

0.15 0.126 1.034 

0.60 0.379 0.147 

3.0 0.116 0.116 

B2 

0.15 0.140 0.562 

0.60 0.370 0.296 

3.0 0.116 0.130 

2.5

1.3

7

8 9 10 11

5  
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          7                      8  

0.0 1.0 2.0 3.0 4.0 5.0 min

0.00

0.25

0.50

0.75

1.00

mV
Detector A Ex:360nm,Em:440nm 

G
2

G
1

B
2

B
1

 0.0 1.0 2.0 3.0 4.0 5.0 min

0.00

0.25

0.50

0.75

1.00

mV
Detector A Ex:360nm,Em:440nm 

G
2

G
1

B
2

B
1

 

            9                    10  

       G1 B1:2�g/kg G2 B2:0.6�g/kg            G1 B1:1�g/kg G2 B2:0.3�g/kg

0.0 1.0 2.0 3.0 4.0 5.0 min

0.00

0.25

0.50

0.75

1.00

mV
Detector A Ex:360nm,Em:440nm 

G
2

G
1

B2

B1

           11  

       G1 B1:4�g/kg G2 B2:1.2�g/kg

 

5  

 
 

(�g/kg) 

 

(�g/kg) 

 

(%) 

G1 

1.0 0.948 94.8 

2.0 1.820 91 

4.0 4.132 103 

B1 

1.0 0.896 89.6 

2.0 1.776 88.8 

4.0 4.3 108 

0.0 1.0 2.0 3.0 4.0 5.0 min

0.00

0.25

0.50

0.75

1.00

mV
Detector A Ex:360nm,Em:440nm 

0.0 1.0 2.0 3.0 4.0 5.0 min

0.00

0.25

0.50

0.75

1.00

mV
Detector A Ex:360nm,Em:440nm 
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G2 

0.3 0.296 98.7 

0.6 0.572 95.3 

1.2 1.212 101 

B2 

0.3 0.292 94.3 

0.6 0.568 94.7 

1.2 1.248 104 

3.

LC-30A

G1 B1 0.2 �g/L ~ 50 �g/L G2 B2 0.06 �g/L ~ 15 �g/L

0.9999 2 �L 0.002 ~ 0.019 �g/L 0.007 

~0.065 �g/L  6

0.11~0.39% 0.13~1.34% 88.8%~108%
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LC-30A

LC-30A

G1 B1 0.5 �g/L ~ 10 �g/L G2 B2 0.15 �g/L ~ 3 �g/L

0.999 2 �L 0.002 ~ 0.011�g/L 0.007 

~0.038�g/L (G1 B1 0.5 2 10 �g/L G2 B2 0.15 0.6 3 �g/L) 6

0.04~0.20% 0.15~0.80%

89.4%~103%  

   

(Aflatoxin, AFT)

GB2761-2011 B1

20 �g/kg  

B1 G1

 

   MFC

AFT MFC 10

 

    GB/T5009.23-2006 LC-30A

G1 B1 G2 B2  

 

1.  

1.1  

LC-30A LC-30AD

DGU-20A5R SIL-30AC CTO-30A RF-20AXS

CBM-20Alite LabSolutions Ver. 5.42SP3  

1.2
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Shim-pack XR-ODS III 2.0 mmI.D.×50 mm L., 1.6 �m 

A B : 3:1 v/v  

0.6 mL/min 

2 �L     40  

Ex=360 nm Em 440 nm 

B 22% 1  

1  

Time(min) Module Command Value 

2.00 Pumps Pump B Conc. 45 

3.00 Pumps Pump B Conc. 60 

5.00 Pumps Pump B Conc. 60 

5.10 Pumps Pump B Conc. 22 

8.00 Controller Stop  

1.3

    (B1,G1: 1.0 mg/L; B2,G2: 0.30 mg/L)

B1 G1: 0.50 1.0 2.0 5.0 10 �g/L B2 G2: 0.15 0.30 0.60 1.5 3.0 �g/L

200 �L

200 �L - 85+15 0.22 �m  

GB/T5009.23-2006 14.1~14.3 0.22 

�m  

 

2.  

2.1

1  G1 B1 2�g/L  G2 B2 0.6�g/L

1.689 2.102 2.363 2.762  

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 min
-0.25

0.00

0.25

0.50

0.75

1.00

1.25

1.50

1.75

2.00

2.25

2.50

2.75

3.00

3.25

3.50
mV

Detector A Ex:360nm,Em:440nm 

G
1

B1
G

2

B2

 

1 G1 B1 G2 B2  

2.2
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5 1.2

2 3 4 5

2  

0.0 2.5 5.0 7.5 Conc.
0

5000

10000

15000

20000

Area

0.0 2.5 5.0 7.5 Conc.
0

10000

20000

30000

40000

50000

Area

 

         2 G1             3 B1    

0.0 0.5 1.0 1.5 2.0 2.5 Conc.
0

2500

5000

7500

Area

0.0 0.5 1.0 1.5 2.0 2.5 Conc.
0

5000

10000

15000

Area

 

          4 G2            5 B2  

2  

  CAS No. Y= aX+b R 

G1 Aflatoxin G1 1165-39-5 Y=2164.99X-352.090 0.9996 

B1 Aflatoxin B1 1162-65-8 Y=5352.15X-439.673 0.9994 

G2 Aflatoxin G2 7241-98-7 Y=3159.62X-142.456 0.9997 

B2 Aflatoxin B2 7220-81-7 Y=5733.56X-94.928 0.9992 

2.3

    G1 B1 0.5 �g/L G2 B2 0.15 �g/L

LabSolutions 3 10 )

3 6  

p

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 min

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0mV
Detector A Ex:360nm,Em:440nm 

G
1

B1
G

2
B2

 

6  
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3 (�g/L) 

   

G1 0.011 0.038 

B1 0.003 0.011 

G2 0.005 0.016 

B2 0.002 0.007 

2.4

6

0.04~0.20% 0.15~0.80%  

4 n=6  

(�g/L)  R.T. (RSD%) Area (RSD%) 

0.5 
 G1 0.20% 0.67% 

 B1 0.09% 0.37% 

0.15 
 G2 0.05% 0.80% 

 B2 0.04% 0.49% 

2 
 G1 0.20% 0.16% 

 B1 0.19% 0.15% 

0.6 
 G2 0.20% 0.22% 

 B2 0.18% 0.19% 

10 
 G1 0.18% 0.22% 

 B1 0.18% 0.21% 

3 
 G2 0.17% 0.23% 

 B2 0.16% 0.18% 

2.5

1.3

2 7 8

5  

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 min

0.00

0.25

0.50

0.75

1.00

1.25

1.50

1.75

2.00

2.25

2.50

2.75

3.00mV
Detector A Ex:360nm,Em:440nm 

G
1 B1

G
2

B2

 

  7  
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0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 min

0.00

0.25

0.50

0.75

1.00

1.25

1.50

1.75

2.00

2.25

2.50

2.75

3.00

3.25
mV

Detector A Ex:360nm,Em:440nm 

G
1

B1
G

2

B2

 

   8  

5  

 
 

(�g/kg) 

 

(�g/kg) 

 

(%) 

G1 0.153 1.0 89.4 

B1 0.088 1.0 99.3 

G2 0.082 0.3 103 

B2 0.013 0.3 99.1 

3.

LC-30A

G1 B1 0.5 �g/L ~ 10 �g/L G2 B2 0.15 �g/L ~ 3 �g/L

0.999 2 �L 0.002 ~ 0.011 �g/L 0.007 

~0.038 �g/L  6

0.04~0.20% 0.15~0.80% 89.4%~103%  

 

 

 

 

 

 

 

 



�

� 91

B1 G1 0.01~0.05 �g/mL B2 G2 0.003~0.015 �g/mL

R 0.999 LOD LOQ 0.060~0.159 ng/mL 0.200~0.530 ng/mL

89% 102%  

   

 

(Aflatoxin AFT)

B1

20 �g/kg 1995

15 �g/kg  

 

B1 G1

 

B1 B2 G1 G2  

 

1.

1.1

1.1.1 

    LC-20AD( ) DGU-20A5( ) SIL-20A(

) CTO-20A( ) RF-20A( ) CBM-20A( ) LCsolution(

)  

1.1.2 

    LC-20AD( ) CRB-6A( )
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(PTFE 0.5 mm I.D.×1000 cm L.) 

1.1.3 

    Alfa test VICAM VICAM B1

B2 G1 G2 Supeclo HPLC Merck HPLC

Merck Millipore  

1.2

1.2.1 

    (B1 G1 1.0 mg/L B2 G2 0.30 mg/L)

 

1.2.2 

    5 g 0.01 g) 60% 50 

mL 60 min 5 mL 50 mL

25 mL 1~2 / 10 mL

1 mL 1 /

2 mL 0.45 �m  

1.3

1.3.1 

/ / =20/25/55(v/v) 

0.8 mL/min 

Intersil ODS-SP 4.6 mm I.D.×250 mm L. 5 �m 

40  

20 �L 

Ex=360 nm Em=440 nm 

1.3.2 

0.05 % 0.5 g 100 mL 1000 mL) 

0.3 mL/min 

70  

2.

2.1
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1  

 

1 (G2 0.006 �g/mL G1 0.020 �g/mL B2 0.006 �g/mL B1 0.020 �g/mL) 

B1 G1 0.010 0.020 0.030 0.040 0.050 �g/mL B2 G2

0.003 0.006 0.009 0.012 0.015 �g/mL 2~ 

5 1 AFT 2  

     2 G2                       3 G1  

      4 B2                      5 B1  

 

 

3.5� 1.0� 2.0� 3.0 4.0 B2 B1 7.0 8.0 9.0 10.0 12.0 min

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5
mV�
¼ì²âÆ÷ A:Ex:360nm,Em:450nm

G2

G1

B2

B1

0.0000 0.0025 0.0050 0.0075 0.0100 0.0125
0

10000

20000

30000

40000

0.00 0.01 0.02 0.03 0.04
0

10000

20000

30000

40000

50000

60000

70000

0.0000 0.0025 0.0050 0.0075 0.0100 0.0125
0

10000

20000

30000

40000

50000

60000

70000

0.00 0.01 0.02 0.03 0.04
0

25000

50000

75000

100000
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1  

  CAS No. Y=AX+B R 

G2 Aflatoxin G2 7241-98-7 Y=3127978X-1147.2 0.999 

G1 Aflatoxin G1 1165-39-5 Y=1402621X+920.5 0.999 

B2 Aflatoxin B2 7220-81-7 Y=4512250X-1413.7 0.999 

B1 Aflatoxin B1 1162-65-8 Y=1998433X+1581.4 0.999 

2 AF (ng/mL) 

   

G2 0.074 0.247 

G1 0.159 0.530 

B2 0.060 0.200 

B1 0.136 0.454 

2.2

    ( G2 0.006 �g/mL G1 0.020 �g/mL B2 0.006 �g/mL B1 0.020 

�g/mL) 3

RSD %<0.5 % RSD %<1.3 %  

3 AF (n=6) 

 
 

RSD% 

 

RSD% 

G2 0.04 0.40 

G1 0.05 0.78 

B2 0.04 1.25 

B1 0.05 0.83 

2.3

    1.2 B2 B1 6

4  

 

6  
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4  

 
 

(ng/mL) 

 

(�g/kg) 

G2 --- --- 

G1 --- --- 

B2 0.53 4.30 

B1 10.07 81.76 

2.4

    50 % 2.5 g

7 89%-102% 5  

 

7  

5  

 (�g/mL) % 

G2 3 101.6 

G1 10 100.8 

B2 3 93.7 

B1 10 89.5 

3.

    

R 0.999 89% 102%
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B1 B2 G1 G2 0.104 ~ 2.08 ng/mL R

0.999 B1 0.04 ng/mL 0.013 ng/mL

0.330% 3.288%

 

      

 

    (Aflatoxin, AFT)

B1 B2 G1 G2 B1

4 �g/kg B1 2 �g/kg

B1 20 �g/kg

-

B1 G1

 

KBr Br2 Br2

B1 G1  

1                 

1.1  

Nexera LC-30A LC-30AD×2

DGU-20A5 SIL-30AC CTO-20AC RF-20AXS  

CBM-20A LabSolutions Ver. 5.41  

1.2



�

� 97

 365 nm 435 nm 

KOBRA CELL®  

 100 �A 

  Shimadzu Shim-pack XR-ODS III 2.0 mm I.D.×150 mm L., 2.2 �m 

   A� (3/1 v/v)  

           B�250 mL 100 �L 50 mg 

 0.40 mL/min 

5 �L 

 40  

A/B = 63/37(v/v) 

1.3

104 ng/mL 0.104 0.208 0.624 1.04

2.08 ng/mL 0.22 �m  

2

2.1

B1 B2 G1 G2 1 B1 B2

G1 G2 0.08 0.024 0.08 0.024 ng/mL 0.208 ng/mL  

0.0 2.5 5.0 7.5 10.0 min

0.00

0.05

0.10

0.15

0.20
mV

G
2

G
1 B
2 B
1

 

              1 B1 B2 G1 G2 ( 0.208 ng/mL) 

2.2

0.104 0.208 0.624 1.04 2.08 ng/mL

2 3 4 5  
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   0.0 1.0 Conc.
0.00

0.25

0.50

0.75

1.00

Area(x10,000)

     0.0 1.0 Conc.
0.0

0.5

1.0

1.5

2.0

Area(x10,000)

 

Y = (5516.65)X + (-189.304)             Y = (10161.0)X + (-342.329) 

R = 0.9999                              R = 0.9992 

   2 G2                     3 G1  

0.0 1.0 Conc.
0.0

0.5

1.0

1.5

2.0

2.5

Area(x10,000)

     0.0 1.0 Conc.
0.0

1.0

2.0

3.0

Area(x10,000)

 

Y = (12769.4)X + (-229.674)           Y = (15336.9)X + (-349.647) 

R = 0.9998                                R = 0.9997 

   4 B2                 5 B1  

2.3

1.04 ng/mL 5

1  
1 (n=5) 

  CAS No. R.T. (RSD%) Area (RSD%) 

G2 Aflatoxin G2 7241-98-7 0.330 2.338 

G1 Aflatoxin G1 1165-39-5 0.313 0.989 

B2 Aflatoxin B2 7220-81-7 0.318 2.234 

B1 Aflatoxin B1 1162-65-8 0.319 3.288 

2.4
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0.104 ng/mL 6

B1 11.2 0.04 ng/mL 0.013 ng/mL  

0.0 2.5 5.0 7.5 10.0 min

0.000

0.025

0.050

0.075

0.100
mV

G
2

G
1

B
2

B
1

 
6 B1 B2 G1 G2 ( 0.104 ng/mL) 

3.

    Nexera LC-30A

B1 B2 G1 G2 0.104 ~ 

2.08 ng/mL R 0.999 B1 0.04 ng/mL

0.013 ng/mL

0.330% 3.288%  
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3

LC-30A LCMS-8040

3 SPE

4 5 ~ 150 ng/mL 

5 ng/mL 10 ng/mL 100 ng/mL 3 3

0.08 ~ 1.2% 0.67 ~ 4.98%

4 10 ng/mL 104.38 

~117.71% DON 15-ADON 16 ng/mL 

92 ng/mL  

    

Vomitoxin DON

DON

1998 3

1.0 mg/kg 1 mg/kg

(Zearalenone ZON) F-2

2011

60 mg/kg LC-MS/MS

LC-30A LCMS-8040

3  

 

1.  

1.1  

    LC-30A LCMS-8040

LC-30AD×2 DGU-20A5 SIL-30AC CTO-30AC

CBM-20A LCMS-8040 LabSolutions Ver. 5.50
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1.2

 LC-30A  

 Shimadzu Shim-pack XR-ODS III, 2.0 mmI.D.×75 mmL., 1.6 �m 

A 10 mM NH4Ac  

B  

 0.3 mL/min 

10 �L 

40  

B 10% 1  

1  

Time(min) B.Con. 

2.00 60 

4.00 95 

4.50 100 

5.50 100 

5.70 10 

8.00 Stop 

LCMS-8040 

ESI  

 -3.5 kV 

3.0 L/min 

15 L/min 

 

250  

400  

MRM  

20 ms  
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 3 ms 

MRM 2 

2 MRM  

 
 

 
 CAS No. 

Q1 Pre 

Bias(V) 

CE 

(V) 

Q3 Pre 

Bias(V) 

1 Zearalmone  

(ZON) 
 17924-92-4 317.05 

131.20* 20.0 15.0 30.0 

175.25 20.0 15.0 24.0 

2 Deoxynivalenol 

(DON)  
51481-10-8 295.05 

265.05* 20.0 20.0 12.0 

138.00 20.0 20.0 17.0 

3 
3-Acetyldeoxynival

enol 

3-ADON  

3-

 

50722-38-8 337.05 

307.20* 20.0 23.0 11.0 

173.20 20.0 23.0 11.0 

4 15-Acetyldeoxyniv

alenol (15-ADON)

15-

 

88337-96-6 337.05 

150.15* 20.0 24.0 18.0 

219.15 20.0 24.0 11.0 

5 
13C-DON 

 

13C-

 
- 310.10 279.15 20.0 14.0 11.0 

6 
13C-ZON 

 

 13C-
 - 335.10 140.15 20.0 23.0 31.0 

7 
13C-3-ADON 

 

13C-3-

 

- 354.10 323.10 20.0 17.0 11.0 

*  

1.3

 

    1000 ng/mL

150 100 75 50 25 10 5 ng/mL 13C-DON 13C-ZON 13C-3-ADON

20 ng/mL  

 

2.5 g 40 mL 10 mL - 86+14

1 h 15000 rpm 15 min 5 mL 

5 mL 10 mL 40

/ 10 mM (v/v=50/50) 1 mL 30 s, 0.22 �m 

 

 

2.
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2.1 MRM

    10 ng/mL MRM 1  

317.05>131.20(-)
337.05>307.20(-)
337.05>150.15(-)
295.05>265.05(-)

0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 min

0.0

1.0

2.0

3.0

4.0

5.0

6.0
(x1,000)

DON
15�ADON

3�ADON ZON

 
1 10 ng/mL MRM  

2.2

    5 10 25 50 75 100 150 ng/mL 1.2

2~5

4

3  

0 50 100 Conc. Ratio
0

1

2

3
Area Ratio

 0 50 100 Conc. Ratio
0.0

0.5

1.0

1.5

Area Ratio

 

2  DON  3 15-ADON  

0 50 100 Conc. Ratio
0.0

1.0

2.0

3.0

Area Ratio

 0 50 100 Conc. Ratio
0.0

0.5

1.0

1.5

2.0

Area Ratio

 

4  3-ADON  5  ZON  
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3 4  

No.   r (ng/mL)  (ng/mL)

1 DON Y = (0.0206871)X + (-0.0430373) 0.9987 0.31 0.94 

2 15-ADON Y = (0.0116655)X + (-0.0280959) 0.9987 0.51 1.53 

3 3-ADON Y = (0.0223806)X + (-0.00177429) 0.9995 0.02 0.06 

4 ZON Y = (0.0141913)X + (-0.0141720) 0.9998 0.29 0.88 

2.3

    5 ng/mL 10 ng/mL 100 ng/mL 3 3

0.08 ~ 1.2% 0.67 ~ 4.98%  
4 n=3  

 
RSD% 5 ng/mL  RSD% 10 ng/mL  RSD% 100 ng/mL  

R.T Area R.T Area R.T Area 

DON 1.20 1.83 0.71 0.67 0.27 2.27 

15-ADON 0.41 4.89 0.44 2.10 0.10 1.47 

3-ADON 0.50 4.85 0.36 1.45 0.16 2.94 

ZON 0.38 2.09 0.08 3.49 0.15 2.17 

2.4

    10 ng/mL 6 4

DON 15-ADON 3-ADON ZON 114.71 117.71 104.38

116.41%  

1.0 2.0 3.0 4.0 5.0 min

0.0

1.0

2.0

3.0

4.0

5.0

6.0

(x1,000)

317.05>131.20(-)
337.05>307.20(-)
337.05>150.15(-)
295.05>265.05(-)

DON

15�ADON

3�ADON ZON

 
6 10 ng/mL  

2.5

    DON 15-ADON 16 ng/mL 92 ng/mL

7  
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0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 min

0.0

1.0

2.0

3.0

4.0

5.0
(x10,000)

317.05>131.20(-)
337.05>307.20(-)
337.05>150.15(-)
295.05>265.05(-)

DON

15�ADON

 
7  

3.

    LC-30A LCMS-8040

3 4 5 ~ 150 ng/mL 

10 ng/mL 3

0.10 ~ 1.2% 0.67 ~ 5.85%

DON 15-ADON 16 ng/mL 92 ng/mL  
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3

LC-30A LCMS-8040

3 / SPE

3 5 ~ 100 ng/mL 

5 ng/mL 10 ng/mL 50 ng/mL 3 3

0.15 ~ 0.49% 2.03 ~ 4.67%

3 86.75 76.68

86.96% FA1 FA2 FA3 17 16 17 

ng/mL  

   

 (Fumonisin FB)  (Fusarium moniliforme 

Sheld)

2001 (FDA)

2 mg/kg

FDA (CVM)

1~50 mg/kg

HPLC LC-MS/MS

LC-30A LCMS-8040

3  

 

1.  

1.1  

    LC-30A LCMS-8040

LC-30AD×2 DGU-20A5 SIL-30AC CTO-30AC

CBM-20A LCMS-8040 LabSolutions Ver. 5.50
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1.2

 LC-30A  

 Shimadzu Shim-pack XR-ODS III, 2.0 mmI.D.×75 mmL., 1.6 �m 

A 0.1%  

B /  1/1, v/v  

 0.35 mL/min 

10 �L 

40  

B 55% 1  

1  

Time(min) B.Conc. 

0.50 55 

3.20 80 

3.30 100 

3.80 100 

4.00 55 

6.00 Stop 

LCMS-8040 

ESI  

 4.5 kV 

3.0 L/min 

15 L/min 

 

250  

400  

MRM  

50 ms  
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 3 ms 

MRM 2 

2 MRM  

  
 

( ) 
CAS No. 

Q1 Pre 

Bias(V)

CE 

(V) 
Q3 Pre Bias(V)

1 B1 
Fumonisin B1 

FB1  
116355-83-0 722.40

352.30* 50.0 -26.0 -41.0 

334.15 50.0 -26.0 -43.0 

2 B2 
Fumonisin B2 

FB2  
116355-84-1 706.40

336.25* 50.0 -26.0 -42.0 

318.25 50.0 -26.0 -41.0 

3 B3 
Fumonisin B3 

FB3  
136379-59-4 706.40

336.20* 50.0 -26.0 -39.0 

318.35 50.0 -26.0 -39.0 

4 
13C-

B1 

13C-FB1 

 
- 756.45 356.35 50.0 -22.0 -47.0 

*  

1.3

 

    / (50/50) 10 mg/L / (50/50)

100 50 20 10 5 ng/mL 13C-FA1 10 

ng/mL  

 

    2.0 g 40 mL , 10 mL / 50/50

3 12000 4 15 1 mL 10 mL

3:1 10 mL 5 mL 5 mL 3:1

MultiSep®211 FUM 5 mL 3:1 5 mL 10 mL 99:1

10 mL 50 / (50/50) 1 mL

30 s 0.22 �m ,  

 

2.

2.1 MRM

    10 ng/mL MRM 1  
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0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 min

0.00

0.25

0.50

0.75

1.00

1.25

(x10,000)

3:706.40>336.20(+)
2:706.40>336.25(+)
1:722.40>352.30(+)

FB2 FB3FB1

 
1 10 ng/mL MRM  

2.2

    5 10 20 50 100 ng/mL 1.2

2~5 3

3  

0.0 25.0 50.0 Conc. Ratio
0.0

2.5

5.0

7.5
Area Ratio

 0.0 25.0 50.0 Conc. Ratio
0.0

0.5

1.0

1.5
Area Ratio(x10)

0.0 25.0 50.0 Conc. Ratio
0.0

0.5

1.0

1.5

Area Ratio(x10)

2 FB1  3 FB2  4 FB3  

3 3  

No.   r (ng/mL)  (ng/mL)

1 FA1 Y = (0.0694484)X + (0.385874) 0.9968 0.03 0.09 

2 FA2 Y = (0.146872)X + (0.201620) 0.9990 0.24 0.73 

3 FA3 Y = (0.187816)X + (0.171904) 0.9995 0.34 1.04 

2.3

    5 ng/mL 10 ng/mL 50 ng/mL 3 3

0.15 ~ 0.49% 2.03 ~ 4.67%  
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4 n=3  

 
RSD% 5 ng/mL  RSD% 10 ng/mL  RSD% 50 ng/mL  

R.T Area R.T Area R.T Area 

FB1 0.34 4.66 0.22 4.03 0.21 3.61 

FB2 0.49 3.94 0.26 4.35 0.12 2.84 

FB3 0.16 4.67 0.24 2.03 0.15 3.60 

2.4

     FA1 FA2 FA3 50 10 10 ng/mL

5 3 FA1 FA2 FA3 86.75 76.68

86.96%  

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 min

0.00

0.25

0.50

0.75

1.00

1.25
(x10,000)

3:706.40>336.20(+)
2:706.40>336.25(+)
1:722.40>352.30(+)

FB2
FB3

FB1

 
5  

2.5

    FA1 FA2 FA3 17 16 17 ng/mL

6  

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 min

0.0

0.5

1.0

1.5

2.0

(x10,000)

3:706.40>336.20(+)
2:706.40>336.25(+)
1:722.40>352.30(+)

FB2 FB3FB1

 

6  
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3.

    LC-30A LCMS-8040

3 3 5 ~ 100 ng/mL 

3 0.15 ~ 0.49%

2.03 ~ 4.67% FA1 FA2 FA3

17 16 17 ng/mL  
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�

�

SSIIb M810

PCR MultiNA PCR

 

MultiNA   

 

 

 

”

 

MultiNA GB/T19495.4-2004  

PCR

 

 

1.

1.1

   MCE-202“MultiNA”  

1.2

DNA-500 P/N292-27910-91 

SYBR Gold nucleic acid gel stain Invitrogen S11494 

25bp DNALadder Invitrogen 10597-011 

DNeasy Plant Maxi kit QIAGEN 66163 

1.3

3  MON810   1)  

DNA PCR JAS �
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QIAGEN DNeasy Plant Maxi 1 g DNA

DNA 10 ng/uL PCR PCR

SSIIb M810 3 PCR

DNA PCR

DNA MultiNA PCR  

1 MultiNA  

 

2.
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2  

 

 SSIIb :114bp ( 2) DNA

PCR MON810

 M810:113bp 

MultiNA

PCR  

 

3.  

MultiNA
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GPC-GC-MS/MS

GPC-GC-MS/MS

1~50 μg/L 0.998

10μg/L 5 RSD% 5.0% 0.05 mg/kg

70.0~120.0%

 

GPC-GC-MS/MS    

 

 

GB2763-2012

CAC

GB2763-2012

0.1 mg/kg 0.05 mg/kg

0.01 mg/kg  

GC-MS/MS

MRM

 

 

1  

1.1

    GPC-GC-MS/MS  

1.2

GPC  

Shodex CLNpak EV-200 2.1mm×150mm  

/ 3/7 V/V  

0.1 mL/min 
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40  

10 μL 

GC-MS/MS  

5m×0.53mm 

Rtx-5 MS 5m×0.25mm×0.25�m 

Rtx-5 MS 25m×0.25mm×0.25�m   

82 (5 min)_8 /min_300 (7.75 min) 

PTV 120 (5min)_100 /min_250 (33.7min) 

120kPa(0min)_100kPa/min _180kPa(4.4min)_(-49.8 kPa/min)_120kPa 

(33.8 min) 

5.0mL/min_(-10mL/min)_   0 mL/min(6min)_10mL/min_5mL/min(5min) 

7 min  

9.7 min 

300 200  

MRM 1 

1.3

    1  

1.  

1. MRM  

No.   CAS CE  CE

1 11.075 Dichlorvos  62-73-7 185>93 14  185>109 14

1.0 g

1.5 mL

15 mL  

5 mL  

5 min 

50 mg PSA 

50 mg C18 

5 min 
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2 17.750 Trifluralin  1582-09-8 306>264 8  306>206 14

3 18.167 (Phorate) 298-02-2 260>75 8  260>231 4

4 18.250 �-666 Alpha-HCH  319-84-6 219>183 8  219>145 18

5 19.000     �-666 Beta-HCH  319-85-7 219>183 8  219>147 20

6 19.200 �-666 Gamma-HCH  58-89-9 219>183 8  219>147 20

7 19.617 Chlorothalonil  1897-45-6 266>231 14  266>168 22

8 20.008 �-666 Delta-HCH  319-86-8 219>183 10  219>145 22

9 20.217 Pirimicarb  23103-98-2 238>166 12  238>96 28

10 20.775 
Chlorpyrifos-methyl  

5598-13-0 286>93 22  286>271 14

11 20.842 Metribuzin  21087-64-9 198>153 8  198>110 10

12 20.967 Methyl parathion 298-00-0 263>109 14  263>136 8

13 21.142 Heptachlor  76-44-8 272>237 20  272>117 32

14 21.633 Fenitrothion  122-14-5 277>260 6  277>109 14

15 21.900 Malathion  121-75-5 173>127 6  173>99 14

16 22.033 Chlorpyrifos  2921-88-2 314>258 14  314>286 8

17 22.083 Aldrin  309-00-2 277>206 15  277>241 15

18 22.258 Parathion  56-38-2 291>109 14  291>137 6

19 22.342 (Triadimefon) 43121-43-3 208>181 10  208>127 14

20 22.892 (Pendimethalin) 40487-42-1 252>162 10  252>191 8

21 23.117 
Heptachlor-exoepoxide  

1024-57-3 353>263 14  353>282 12

22 23.700 Methidathion  950-37-8 145>85 8  145>58 14

23 23.725 - Trans-Chlordane  5103-74-2 373>337 10  373>143 26

24 24.058 - Cis-Chlordane  5103-71-9 373>266 22  373>337 6

25 24.642 p,p'-DDE 72-55-9 246>176 28  246>211 22

26 24.758 Dieldrin  60-57-1 277>206 15  277>241 15

27 25.292 Endrin  72-20-8 263>191 30  263>193 28

28 25.717 p,p'-DDD 72-54 - 8 235>165 24  235>199 14
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29 25.757 - Beta-Endosulfan  33213-65-9 339>160 18  339>267 4

30 25.950 Endrin aldehydel  7421-93-4 281>209 30  281>246 20

31 26.542 Endosulfan sulfate 1031-07-8 387>289 10  387>253 16

32 26.650 p,p'-DDT 50-29-3 235>165 22  235>199 14

33 27.725 Endrin ketone  53494-70-5 317>101 20  317>147 15

34 28.042 Methoxychlor  72-43-5 227>169 24  227>212 14

35 28.083 Fenpropathrin  39515-41-8 265>210 12  265>172 14

36 28.900 -1 Cyhalothrin-1 68085-85-8 197>161 8  197>141 12

37 29.142 -2 Cyhalothrin-2 68085-85-8 197>161 8  197>141 12

38 30.442 Pyridaben  96489-71-3 147>117 22  147>132 14

39 31.367 -1 Cypermethrin-1 52315-07-8 181>152 22  181>127 22

40 31.508 -2 Cypermethrin-2 52315-07-8 181>152 22  181>127 22

41 31.575 -3 Cypermethrin-3 52315-07-8 181>152 22  181>127 22

42 31.633 -4 Cypermethrin-4 52315-07-8 181>152 22  181>127 22

43 32.550 Flumioxazin  103361-09-7 354>326 8  354>176 20

44 32.575 -1 Fenvalerate-1  51630-58-1 419>225 6  419>167 12

45 32.850 -2 Fenvalerate-2  51630-58-1 419>225 6  419>167 12

46 33.225 
-1

Difenoconazole-1  
119446-68-3 323>265 14  323>202 28

47 33.325 
-2

Difenoconazole-2  
119446-68-3 323>265 14  323>202 28

48 33.375 -1 Deltamethrin-1  52918-63-5 253>93 18  253>172 4

49 33.683 -2 Deltamethrin-2  52918-63-5 253>93 20  253>172 8

2

2.1

MRM 2  
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12.5 15.0 17.5 20.0 22.5 25.0 27.5 30.0 32.5

0.00

0.25

0.50

0.75

1.00

1.25

1.50

1.75

2.00

(x1,000,000)

 
2 MRM 50 �g/L  

2.2

/ 3/7 V/V 1 5 10 20 50μg/L

0.998 2 3

10 ug/L 5 RSD

1 �g/L 3 2  

0.0 25.0 Conc.
0.0

2.5

5.0

7.5
Area(x10,000)

0.0 25.0 Conc.
0.0

0.5

1.0

Area(x100,000)

 0.0 25.0 Conc.
0.0

2.5

5.0
Area(x100,000)

 

                                                              �-666 

0.0 25.0 Conc.
0.0

0.5

1.0

Area(x100,000)

0.0 25.0 Conc.
0.0

1.0

2.0

3.0

Area(x100,000)

 0.0 25.0 Conc.
0.0

2.5

5.0

7.5
Area(x10,000)

 

                                                                  

3. 6  
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2 RSD% (n=5)  

No.   RSD %  (�g/kg) 

1  0.9990 4.74 1.07 

2  0.9991 3.98 0.35 

3  0.9999 1.67 0.36 

4 �-666 0.9999 2.77 0.04 

5 �-666 0.9998 2.11 0.15 

6 �-666 0.9998 3.69 0.07 

7  0.9997 2.90 0.69 

8 �-666 0.9999 2.38 0.15 

9  0.9997 3.77 0.19 

10  0.9999 2.69 0.22 

11  0.9999 3.50 1.10 

12  0.9991 2.42 0.94 

13  0.9999 2.49 0.04 

14  0.9993 2.56 0.92 

15  0.9995 1.74 0.12 

16  0.9999 2.24 0.25 

17  0.9998 2.64 0.31 

18  0.998 2.58 0.67 

19  0.9997 1.89 0.86 

20  0.9993 3.04 0.37 

21  0.9999 2.25 0.14 

22  0.9998 2.50 0.07 

23 -  0.9998 1.69 0.19 

24 -  0.9999 1.26 0.07 

25 p,p'-DDE 0.9999 2.07 0.02 

26  0.9999 2.03 0.45 

27  0.9999 2.62 0.71 

28 p,p'-DDD 0.9999 1.34 0.02 

29 -  0.9999 2.23 0.85 

30  0.9999 0.73 2.22 

31  0.9999 1.09 0.40 

32 p,p'-DDT 0.9998 1.82 0.03 

33  0.9999 2.38 0.24 

34  0.9998 2.41 0.07 

35  0.9996 3.29 0.90 

36  0.9992 4.85 1.26 

37  0.9997 2.41 0.46 

38  0.9992 2.10 2.74 

39  0.998 3.12 2.01 

40  0.9993 2.48 0.28 

41  0.9999 1.97 0.53 

42  0.998 1.84 0.62 
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2.3

0.05 mg/kg 3

 

3 

No.  
%  

%
RSD 

%  1 2 3 

1  103.10 104.29 107.99 105.13 2.43 

2  82.69 90.50 94.16 89.12 6.57 

3  94.31 96.24 98.72 96.43 2.29 

4 �-666 92.45 94.46 96.01 94.31 1.89 

5 �-666 95.27 98.83 101.00 98.36 2.94 

6 �-666 93.10 97.98 98.58 96.55 3.11 

7  72.34 72.47 75.92 73.58 2.76 

8 �-666 95.23 98.02 99.56 97.60 2.25 

9  102.85 106.03 107.46 105.45 2.24 

10  95.08 98.24 98.57 97.29 1.98 

11  105.37 105.10 108.77 106.41 1.92 

12  103.43 109.24 111.79 108.16 3.96 

13  74.44 70.24 71.98 72.22 2.92 

14  103.33 109.17 110.89 107.80 3.68 

15  111.56 117.63 121.97 117.06 4.46 

16  92.81 95.83 94.33 94.33 1.60 

17  73.21 70.84 79.85 74.63 6.26 

18  100.41 104.81 107.84 104.35 3.58 

19  97.98 103.25 106.95 102.72 4.39 

20  88.80 92.89 93.96 91.88 2.97 

21  87.46 89.22 90.86 89.18 1.90 

22  103.90 107.73 101.28 104.30 3.11 

23 -  72.64 75.66 75.97 74.76 2.46 

24 -  78.14 79.66 80.87 79.56 1.72 

25 p,p'-DDE 70.80 74.96 70.68 72.15 3.37 

26  80.69 83.41 80.82 81.64 1.88 

27  80.17 83.08 83.22 82.16 2.09 

28 p,p'-DDD 91.51 93.67 94.80 93.33 1.79 

29 -  93.57 95.15 96.44 95.05 1.51 

30  72.94 75.25 71.36 73.19 2.67 

31  98.76 101.88 104.31 101.65 2.73 

32 p,p'-DDT 73.94 75.70 77.03 75.56 2.05 

33  99.21 100.20 102.68 100.69 1.77 

34  96.67 98.46 100.79 98.64 2.10 

35  89.39 94.27 94.01 92.56 2.96 

36  90.39 96.69 105.32 97.47 7.69 
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37  84.45 88.83 89.60 87.63 3.17 

38  92.59 98.88 101.16 97.55 4.55 

39  100.74 101.69 109.91 104.11 4.84 

40  93.78 98.64 104.81 99.08 5.58 

41  124.74 126.30 104.80 118.61 10.11 

42  83.83 89.92 97.01 90.25 7.31 

 

3

    GPC-GC-MS/MS

0.05mg/kg

70.0% 120.0%
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KOH- NaHSO4

KOH 5

r2 0.995~0.999 RSD%<6.3%

 

   

 

12

3

(TFAs) TFAs

4%

 

- RT-2560

 

1

1.1

    GC-2010 Plus 

1.2

Rt-2560, 100 m × 0.25 mm × 0.2 μm 

240  

 

10:1 

 

19 cm/sec 

110 3 min _4 /min_240 25 min  

FID 250  
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N2 30 mL/min 

H2 40 mL/min 

AIR 400 mL/min 

1.3

60 mg 5 mL 4 mL 200 �L KOH-

30 s 1 g NaHSO4

5  

2

2.1

37 FAME C16:1n9t, C18:1n6t, C20:1n11t, 

C22:1n13t 1 C22:0 C20:3n6

2

 
1  

 

 
 

2  
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2.2

1 FAME 3  

1 FAME  

No.  
 

(�g/mL) r2 
No.  

  

(�g/mL) r2 

1 C4:0 10~400 0.999 21 C18:2n6t 5~200 0.998 

2 C6:0 10~400 0.999 22 C18:2n6c 10~400 0.998 

3 C8:0 10~400 0.999 23 C20:0 10~400 0.995 

4 C10:0 10~400 0.999 24 C20:1n11t 10~250 0.996 

5 C11:0 5~200 0.999 25 C18:3n6 5~200 0.997 

6 C12:0 10~400 0.999 26 C20:1 5~200 0.998 

7 C13:0 5~200 0.999 27 C18:3n3 5~200 0.996 

8 C14:0 10~400 0.998 28 C21:0 5~200 0.996 

9 C14:1 5~200 0.999 29 C20:2 5~200 0.999 

10 C15:0 5~200 0.999 30 C22:0+C20:3n6 15~600 0.998 

11 C15:1 5~200 0.999 31 C22:1n13t 10~500 0.996 

12 C16:0 15~600 0.997 32 C22:1n9 5~200 0.996 

13 C16:1n9t 10~500 0.998 33 C20:3n3 5~200 0.995 

14 C16:1 5~200 0.999 34 C20:4n6 5~100 0.997 

15 C17:0 5~200 0.998 35 C23:0 5~200 0.999 

16 C17:1 5~200 0.999 36 C22:2 5~200 0.998 

17 C18:0 10~200 0.996 37 C24:0 10~200 0.996 

18 C18:1n6t 10~500 0.999 38 C20:5n3 5~200 0.997 

19 C18:1n9t 2~200 0.997 39 C24:1 5~200 0.996 

20 C18:1n9c 10~400 0.998 40 C22:6n3 5~200 0.997 
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0 250 Conc.
0

250000

500000

750000

1000000

Area

0 100 Conc.
0

100000

200000

300000

400000

500000

600000

700000
Area

0 100 Conc.
0

100000

200000

300000

400000

500000

600000

700000

Area

 

                     C16:1n9t                  C16:1                     C18:2n6t 

3 FAME  

2.3

6 2  

2  

No.  
RSD 

%  
No.  

RSD 

%  

1 C4:0 1.26 21 C18:2n6t 4.87 

2 C6:0 1.98 22 C18:2n6c 4.44 

3 C8:0 2.98 23 C20:0 2.93 

4 C10:0 4.07 24 C20:1n11t 4.02 

5 C11:0 4.31 25 C18:3n6 3.98 

6 C12:0 4.94 26 C20:1 2.00 

7 C13:0 3.91 27 C18:3n3 5.15 

8 C14:0 4.52 28 C21:0 2.80 

9 C14:1 4.39 29 C20:2 3.05 

10 C15:0 5.51 30 C22:0+C20:3n6 5.87 

11 C15:1 3.28 31 C22:1n13t 5.99 

12 C16:0 3.83 32 C22:1n9 4.76 

13 C16:1n9t 2.75 33 C20:3n3 3.04 

14 C16:1 2.91 34 C20:4n6 5.11 

15 C17:0 3.32 35 C23:0 4.31 

16 C17:1 4.28 36 C22:2 3.67 
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17 C18:0 2.69 37 C24:0 6.27 

18 C18:1n6t 3.44 38 C20:5n3 3.38 

19 C18:1n9t 4.87 39 C24:1 2.48 

20 C18:1n9c 3.53 40 C22:6n3 2.19 

2.4

4 5

3  

 

4  

5  

3  

 No.  mg/g RSD% n=3

1 C6:0 7.0 5.4 

2 C8:0 40.8 4.8 

3 C10:0 29.5 7.9 
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4 C12:0 195.7 8.7 

5 C13:0 7.04 6.2 

6 C14:0 76.6 4.9 

7 C16:0 44.2 8.5 

8 C18:0 17.0 6.6 

9 C18:1n9c 26.1 10.6 

10 C18:2n6c 10.6 11.4 

11 C20:0 2.7 8.0 

12 C20:1 1.3 7.9 

13 C22:0+C20:3n6 3.3 8.9 

14 C24:0 2.2 12.6 

 

3

    GC-2010 Plus

RSD%<6.3%  
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TBHQ

80%

50~250 μg/mL r2 0.999

78.4~105.6% RSD

5.3~12.8% 0.06 μg/mL TBHQ

 

  

 

 

TBHQ, CAS No. 1948-33-0

TBHQ

(FAO/WHO) (GB 2760-2011) TBHQ

200 mg/kg

Kashanian TBHQ DNA TBHQ

TBHQ

TBHQ TBHQ  

 

1.

1.1

GC-2010 Plus ( FID )

1.2

Rtx-5 30 m × 0.25 mm × 0.25 μm 

60 _15 /min_250 _25 /min_280 10 min  

 

1 mL/min 

230  

 

5:1 

1μL 

FID 280  
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400 mL/min 

40 mL/min 

30 mL/min 

1.3

2.0 g 25 mL 6 mL 80% 10

6000 r/min 3 min 6 mL 80% 

60

CS2 2 mL CS2 2 mL  

2.

2.1

50 �g/mL

 
1 50 �g/mL  

2.2

50 100 150 200 250 μg/mL TBHQ

Y = 4035X -53426 R2 0.9997

50 μg/mL 3 0.06 μg/mL  

50 100 150 200 Conc.
0

250000

500000

750000

1000000
Area

 

      2   
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2.3

5, 20 100 mg/kg

3 1  3 4

20 mg/kg  

1  TBHQ  

ID  (RSD, n=3) 

TBHQ 
5 mg/kg   20 mg/kg 100 mg/kg 5 mg/kg  20 mg/kg 100 mg/kg 

78.4% 97.3% 105.6% 12.8% 6.8% 5.3% 

 

 

3   

 

4  20 mg/kg TBHQ  

2.4

3 2

5 6  
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2  

No. mg/kg  RSD% n=3  

1 56.3 4.1 

2 51.9 7.9 

     

5 1  

 

6 2  

3.

    GC-2010 Plus,

TBHQ 50~250 μg/mL

0.06 μg/mL(3 ) 78.4~105.6%

TBHQ  
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GPC-GCMS

-

PSA C18 GPC-GCMS

74.13~113.25% 1~100 

μg/L [�] 6 RSD 10.0% 0.007~1.129μg/kg

 

GPC-GCMS   

 

(Polycyclic Aromatic Hydrocarbons PAHs)

200 PAHs [�] [�]

PAHs BaP PAHs

BaP 2.0 �g/kg GB2762-2012

BaP 10 �g/kg  

 

1.

1.1

- GPC-GCMS 

1.2

GPC  

Shodex CLNpak EV-200 2.1 mm×150 mm  

/ 3/7 V/V  

0.1mL/min 

40  

10 μL 

GCMS  

5m×0.53mm 

Rtx-5 MS 5m×0.25mm×0.25�m 

Rtx-5 MS 25m×0.25mm×0.25�m   

PTV 120 4.5min -80 /min-280 33min  

82 (5min) _15 /min_200 (0min) _5 /min_300 (7min) 
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120kPa 0min -100kPa/min-180kPa 4.4min --49.8 kPa/min-120kPa 33min  

7 min 

260  

280   

SIM    

 

1.3

1.3.1

5 1  

1  �g/L  

  CAS No. 1 2 3 4 5 

1  91-20-3 10 50 100 500 1000 

2  208-96-8 20 100 200 1000 2000 

3  83-32-9 10 50 100 500 1000 

4  86-73-7 2.0 10 20 100 200 

5  85-01-8 1.0 5.0 10 50 100 

6  120-12-7 1.0 5.0 10 50 100 

7  206-44-0 2.0 10 20 100 200 

8  129-00-0 1.0 5.0 10 50 100 

9 [a]  56-55-3 1.0 5.0 10 50 100 

10  218-01-9 1.0 5.0 10 50 100 

11 [b]  205-99-2 2.0 10 20 100 200 

12 [k]  207-08-9 1.0 5.0 10 50 100 

13 [a]  50-32-8 1.0 5.0 10 50 100 

14 [1,2,3-cd] 193-39-5 2.0 10 20 100 200 

15 [a,h]  53-70-3 1.0 5.0 10 50 100 

16 [g,h,i]  191-24-2 2.0 10 20 100 200 
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1.3.2  

2.

2.1 16

16 BaP10�g/L 1  

10.0 12.5 15.0 17.5 20.0 22.5 25.0 27.5 30.0 32.5 35.0

0.00

0.25

0.50

0.75

1.00

1.25

1.50

1.75

(x100,000)
TIC TICTIC TICTIC TICTIC

9
10

2
3

4

11
12

13

5
6 14

15
16

7 8

1

 
1  16  

1 2 3 4 5 6 7 8 9 [a] 10 11 [b] 12 [k]

13 [a] 14 [1,2,3-cd] 15 [a,h] 16 [g,h,i]  

2.2

16  

 

 

 

 

 

 

 

PSA/C18 

 

0.5g  
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                                                          [a]

                                       [b]                      [k]

0 50 Conc.

25000

50000

75000

Area

0 50 Conc.

50000

100000

150000

200000

250000

300000
Area

0 50 Conc.
0

50000

100000

150000

200000

Area

0 50 Conc.
0

500000

1000000

1500000

Area

0 50 Conc.
0

250000

500000

750000

1000000

1250000

1500000
Area

0 50 Conc.
0

250000

500000

750000

Area

0 50 Conc.
0

250000

500000

750000

1000000

Area

0 50 Conc.
0

500000

1000000

1500000

2000000

2500000
Area

0 50 Conc.
0

250000

500000

750000

1000000

Area

0 50 Conc.

50000

75000

100000

125000

150000
Area

0 50 Conc.
0

250000

500000

750000

1000000

1250000

Area

0 50 Conc.
0

100000

200000

300000

Area
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            [a]                      [1,2,3-cd]                    [a,h]

            [g,h,i]

                           2  16  

2.3

1μg/L GCMSsolution 3

2  

2   

  
/ 

min  

 

R 

 

μg/kg  
 

1  9.275 0.9977 0.117 128 127 129 

2  11.608 0.9999 0.774 152 151 150 

3  11.925 0.9994 1.029 153 151 152 

4  12.900 0.9999 0.099 166 165 167 

5  14.958 0.9991 0.007 178 176 179 

6  15.083 0.9990 0.054 178 176 179 

7  18.417 0.9991 0.016 202 200 101 

0 50 Conc.
0

250000

500000

750000

Area

0 50 Conc.
0

100000

200000

300000

400000

500000

Area

0 50 Conc.
0

250000

500000

750000

1000000

1250000

Area

0 50 Conc.
0

250000

500000

Area
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8  19.175 0.9995 0.008 202 200 101 

9 [a]  24.025 0.9996 0.020 228 226 229 

10  24.158 0.9996 0.014 228 226 229 

11 [b]  28.575 0.9996 0.020 252 250 253 

12 [k]  28.700 0.9996 0.020 252 250 253 

13 [a]  29.850 0.9986 0.048 252 250 253 

14 [1,2,3-cd]  34.142 0.9986 0.094 276 138 277 

15 [a,h]  34.342 0.9995 0.027 278 279 276 

16 [g,h,i]  35.183 0.9991 0.091 276 277 137 

2.4

10 μg/L 6

3  

3  

  RSD% RSD% 

1  0.010 8.24 

2  0.009 9.03 

3  0.008 7.22 

4  0.008 6.06 

5  0.013 6.69 

6  0.007 7.40 

7  0.008 2.46 

8  0.008 1.32 

9 [a]  0.010 1.12 

10  0.012 1.68 

11 [b]  0.023 2.31 

12 [k]  0.041 1.85 

13 [a]  0.027 2.75 

14 [1,2,3-cd]  0.034 7.19 

15 [a,h]  0.003 6.92 

16 [g,h,i]  0.081 6.32 
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2.5

10μg/kg

GPC-GCMS 4  

4  

  %  

1  74.13 

2  79.05 

3  79.47 

4  76.32 

5  79.61 

6  86.23 

7  89.67 

8  100.64 

9 [a]  96.51 

10  101.71 

11 [b]  105.16 

12 [k]  104.51 

13 [a]  105.81 

14 [1,2,3-cd]  109.78 

15 [a,h]  113.25 

16 [g,h,i]  108.40 

3.

GPC GPC
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84% 112%

 

  

 

 

(GC) (HPLC)

GC/MS

GC/MS

84% 112%  

 

1.

1.1

    GCMS-QP2010 Ultra  

1.2

Rtx-5Sil MS  30 m×0.25 mm×0.25 �m 

275 (12 min) _20 /min_300 (12min) 

 

48.5 cm/sec 

300  
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20:1 

1�L 

    EI 

230  

280  

3 min 

Scan 

1.3

 

                          

2.  

2.1  

4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0

0.0

2.5

5.0

7.5
(x1,000,000)
TIC

 

1   (100 �g/mL) TIC  

50mL : 1:1 V/V �

�

30mL 15mL 60% 100 1 �

�

1.0 g  

�

GC/MS �
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1   

 CAS No.  (m/z)  (m/z) 

Cholesterol  57-88-5 301 386 275 

2.2

1.0 5.0 10 20 50 100 �g/mL

2 R=0.99955

0.42�g/mL  

0.0 25.0 50.0 75.0 Conc.
0.0

0.5

1.0

1.5

Area(x1,000,000)

 

2   

2.3

100�g/mL 5 2  

2  

 1  2  3  4  5 RSD% 

 651732 652869 665268 657653 692979 2.559  

 8.500  8.497 8.495 8.501 8.502 0.034  

2.4

1.0 g 5.0 �g/mL 50 �g/mL 3

3 84% - 112%  

3 (n=3) 

 (�g/mL) 
 (%) 

 (%) RSD (%) 
1 2 3 

5.0 84.62 94.32 100.49 93.11 8.54 

50 98.22 106.25 111.04 105.17 6.16 

2.5

8.64 �g/mL 100 �g/mL
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89.92%  

4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0

0.25

0.50

0.75

1.00

(x10,000,000)

3 TIC  

100 �g/mL  

3.

GCMS-QP2010 Ultra

, 84% 112%  
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GCMS

GCMS-QP2010 Ultra 37

 

  

 

“ ” /

SN/T1945-2007

 

 

1.

1.1

    GCMS-QP2010 Ultra 

1.2

CP-Sil88  100m×0.25mm×0.2um 

70 _20 /min _160 5min _2 /min _225 30min  

 

1.0 mL/ min 

220  

 

50:1 

1 μL 

220  

225  

SCAN 



�

� 146

1.3

 
 1   

2.

2.1

15.0 20.0 25.0 30.0 35.0 40.0 45.0 50.0 55.0 60.0 65.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

(x100,000)
TIC

1
2

3

4

5

6

7

8

9
10

11
12

13
14 15

16

17
18

19 20
21

22
23

24
25

26
27

28
29

30
31

32

33
34

35

36

37

 

2. 37 TIC  

2.2

Peak# Compound Name 

1 C4:0

2 C6:0

3 C8:0

4 C10:0

5 C11:0

5mL �200mg�

� � � � � � � � � � � � � 5 mL 0. 4 mol/LKOH-MeOH �

30 min�

30 min GCMS  
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6 C12:0

7 C13:0

8 C14:0

9 C14:1

10 C15:0

11 -10- C15:1(cis-10)

12 C16:0

13 C16:1

14 C17:0

15 -10- C17:1(cis-10)

16 C18:0

17 -9- C18:1n9t

18 C18:1n9c

19 C18:2n6t

20 C18:2n6c

21 C20:0

22 �- C18:3n6

23 -11 C20:1

24 C18:3n3

25 C21:0

26 -11,14- C20:2

27 C22:0

28 -8,11,14- C20:3n6

29 -13- C22:1n9

30 -11,14,17- C20:3n3

31 C23:0

32 C20:4n6

33 -13,16- C22:2

34 C24:0

35 -5,8,11,14,17- C20:5n3

36 C24:1

37 -4,7,10.13.16.19- C22:6n3

2.3

    

97%

100 g 1  

1. 

  
 

mg/100g  

 

mg/100g  
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C14:0  29 37 

C15:0  9 10 

C15:1 -10-  0 10 

C16:0  10299 13882 

C16:1  74 98 

C17:0  71 75 

C17:1 -10-  45 35 

C18:0  2872 1816 

C18:1n9t -9-  73 87 

C18:1n9c  49679 30115 

C18:2n6t  9 32 

C18:2n6c  27602 49784 

C20:0  1283 506 

C18:3n6 �-  28 118 

C20:1 -11  1299 311 

C18:3n3  157 475 

C21:0  21 0 

C20:2 -11,14-  19 20 

C22:0  2517 125 

C22:1n9 -13-  138 50 

C23:0  39 18 

C24:0  1402 169 

2  

 
 

mg/100g  

 

mg/100g  

 656 2499 

 18541 16640 

 51256 30639 

 27786 50378 

3  

 
 

mg/100g  

 

mg/100g  

C18:1n9t 73 87  

C18:2n9t12t 9 32 

C18:2n9c12t 306 1096 

C18:2n9t12c 289 1035 

C18:3n9t12t15c 0 27 

C18:3n9c12c15t 26 112 

C18:3n9t12c15c 26 110 

1

C18:2t C18:3t
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3.

    GCMS-QP2010 Ultra 37
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GPC-GCMS

GPC-GCMS 19

GPC

GCMS

19 0.995 6

0.08 % 8.7 %

GPC-GCMS     

 

 “ ”

 

17 kg ,

GB 2763-2012 

 2012 1

“ ” 2015

 

GPC

PTV

 

 

1.

1.1

    - GPC-GCMS  

1.2

GPC  

Shodex CLNpak EV-200 2.1mm×150mm  

/ 3/7 V/V  

0.1mL/min 

40  

10 μL 

GCMS  

5m×0.53mm 
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  Rtx-5 MS 5m×0.25mm×0.25�m 

Rtx-5 MS 25m×0.25mm×0.25�m   

82 (5min)_8 /min_300 (7.75min) 

PTV 120 5min _100 /min_250 33.7min  

9.7 min 

250  

250  

SIM

1.3

    1 mg/mL GPC =3:7 V/V

1.0 μg/mL GPC 5.0 10 20 30 50 100 

μg/L  

1.4  

   0.5 g

3 4000 r/min

GPC-GCMS  

 

2

2.1

1 1.0 μg/mL 19 TIC  
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                      1 19  

No.   CAS No. (min) (m/z) (m/z) 

1 �-  �-HCH 319-84-6 18.458 219 183,181,111 

2  hexachlorobenzene 118-74-1 18.675 284 286,249,142 

3 �-  �- HCH 319-85-7 19.217 219 181,109,183 

4 �-  �- HCH 58-89-9 19.367 181 183,219,109 

5 �-  �- HCH 319-86-8 20.025 219 183,181,109 

6  fenitrothion 122-14-5 21.817 277 260,125,109 

7  chlopyrifos 2921-88-2 22.367 197 97,125,314 

8  parathion 56-38-2 22.392 291 109,97,139 

9  dicofol 115-32-2 22.433 139 250,141,111 

10 p,p'-DDE p,p'-DDE 72-55-9 23.958 246 248,318,176 

11 o,p'-DDD o,p'-DDD 53-19-0 25.767 235 237,165,199 

12 o,p'-DDT o,p'-DDT 789-02-6 25.858 235 246,237,165 

13 p,p'-DDT p,p'-DDT 50-29-3 26.675 235 237,165,246 

14  fenpropathrin 39515-41-8 28.067 97 181,125,265 

15 1 cyhalothrin 1 91465-08-6 28.933 181 197,208,141 

16 2 cyhalothrin 2 91465-08-6 29.192 181 197,208,141 

17 1 permethrin 1 52645-53-1 30.142 183 165,163,127 

18 2 permethrin 2 52645-53-1 30.300 183 163,165,127 

19 1 cyfluthrin 1 68359-37-5 30.900 163 165,206,199 

20 2 cyfluthrin 2 68359-37-5 31.008 163 199,206,165 

21 3 cyfluthrin 3 68359-37-5 31.117 163 165,206,199 

22 4 cyfluthrin 4 68359-37-5 31.167 163 199,206,165 

23 1 cypermethrin 1 52315-07-8 31.308 163 209,207,165 

24 2 cypermethrin 2 52315-07-8 31.425 163 209,165,207 

25 3 cypermethrin 3 52315-07-8 31.533 163 165,207,209 

26 4 cypermethrin 4 52315-07-8 31.575 163 209,207,165 

27 1 fenvalerate 1 51630-58-1 32.508 167 225,152,125 

28 2 fenvalerate 2 51630-58-1 32.775 167 125,225,152 

2.2

1.2

2  
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        �-                                             �-  

           
       �-                   �-                         

              
                                             

              
       p,p'-DDE                      o,p'-DDD                    o,p'-DDT 

            
        p,p'-DDT                                         

            
                                                  

      
                                           

2  
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2 19  

No.  r μg/L  

1 �-  0.9990 0.28 

2  0.9996 0.12 

3 �-  0.9983 0.20 

4 �-  0.9977 1.09 

5 �-  0.9990 0.43 

6  0.9952 0.27 

7  0.9984 0.39 

8  0.9953 0.56 

9  0.9988 0.32 

10 p,p'-DDE 0.9995 0.09 

11 o,p'-DDD 0.9996 0.07 

12 o,p'-DDT 0.9971 0.37 

13 p,p'-DDT 0.9958 0.18 

14  0.9985 5.47 

15  0.9959 1.39 

16  0.9976 1.45 

17  0.9998 8. 58 

18  0.9959 7.64 

19  0.9972 2.79 

2.3

20 μg/L 6

3 RSD

0.005 % ~ 0.08 % 1.6 % ~ 8.7 %  

3  (n=6)  

No.  
RSD (%) 0.05 mg/kg) 

.  %  RSD %  

1 �-  0.04 5.3 68.7 5.24 

2  0.04 1.6 62.7 4.34 

3 �-  0.03 5.9 69.0 6.88 

4 �-  0.03 4.8 71.8 2.39 

5 �-  0.01 5.7 81.9 3.77 

6  0.01 5.4 123.5 6.73 

7  0.005 4.5 83.1 7.28 

8  0.03 5.9 111.3 8.49 

9  0.005 2.9 77.2 9.42 

10 p,p'-DDE 0.06 7.3 80.9 7.66 

11 o,p'-DDD 0.005 4.2 72.6 2.47 

12 o,p'-DDT 0.004 8.7 86.6 5.80 

13 p,p'-DDT 0.002 6.5 106.2 9.28 
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14  0.004 2.7 80.6 8.44 

15  0.08 3.1 75.4 8.81 

16  0.004 5.9 83.0 3.81 

17  0.004 4. 5 94.7 4.4 

18  0.01 8.3 87.3 10.8 

19  0.005 6.7 94.2 6.55 

2.4

19 0.05 mg/kg

3 3  

 

3.

    GPC-GCMS 19

6

8.7% GPC
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GCMS-TQ8030

GCMS-TQ8030

1~100 �g/L 1 �g/kg

63~104% 0.001~0.067 �g/kg

GC-MS/MS   

Polycyclic Aromatic Hydrocarbons  PAHs 2 2

 

PAHs

PAHs EC NO 1881/2006

[a] 2 �g/kg 8 PAHs

5 �g/kg PAHs 2 �g/kg GB2762-2012

[a] 10 �g/kg  

PAHs

PAHs

 

9:1 C18

1 �g/kg 63~104%

0.001~0.067 �g/kg MRM

 

 

1.

1.1  

    GCMS-TQ8030 

1.2 

Rxi-5Sil MS 30 m × 0.25 mm × 0.25 μm 

60 (1 min) _20 /min _200 (1 min) _10 /min _310 (10 min) 

 

40 cm/sec 
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280  

 

2 �L 

EI 

230  

280  

MRM 1 

1.3

2 g 200�g/L 100 �L 10 mL

20 mL / 9:1 v/v

1:1  

10 mL 10 mL / 1:1 v/v C18

C18 10 mL / 1:1 v/v 10 mL

 

10 mL C18 1 mL

 

 

2.

2.1

8.0 9.0 10.0 11.0 12.0 13.0 14.0 15.0 16.0 17.0 18.0 19.0 20.0 21.0 22.0

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

(x100,000)

 

1 50 �g/L TIC  
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1  

NO.  CAS No. 
(min)

  

Precursor>Product CE Precursor>Product CE

1 -d10 15067-26-2 7.875 162.0>160.0 25 162.0>134.0 27

2  83-32-9 7.917 153.0>127.0 30 153.0>77.0 31

3  86-73-7 8.592 166.0>139.0 40 166.0>115.0 35

4 -d10 1517-22-2 10.175 188.0>160.0 21 188.0>158.0 33

5  85-01-8 10.217 178.0>176.0 29 178.0>152.0 20

6  120-12-7 10.317 178.0>176.0 29 178.0>152.0 20

7  206-44-0 12.675 202.0>200.0 30 202.0>152.0 25

8  129-00-0 13.167 202.0>200.0 30 202.0>152.0 25

9 [a]  56-55-3 15.958 228.0>226.0 34 228.0>202.0 20.

10 -d12 1719-03-5 15.975 240.0>236.0 34 240.0>212.0 26

11  218-01-9 16.033 228.0>226.0 34 228.0>202.0 20

12 [b]  205-99-2 18.342 252.0>250.0 34 252.0>226.0 20

13 [k]  207-08-9 18.392 252.0>250.0 34. 252.0>226.0 20

14 [a]  50-32-8 18.992 252.0>250.0 34 252.0>226.0 20

15 -d12 1520-96-3 19.108 264.0>260.0 40 264.0>236.0 25

16 [1,2,3-cd] 193-39-5 21.200 276.0>274.0 40 276.0>275.0 25

17 [a,h]  53-70-3 21.267 278.0>276.0 42 278.0>252.0 25

18 [g,h,i]  191-24-2 21.767 276.0>274.0 40 276.0>275.0 25

2.2

100 mg/L 1.0 10 20 50 100 �g/L

MRM  

3 2  
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0.0 1.0 Conc. Ratio
0.00

0.25

0.50
Area Ratio

0.0 1.0 Conc. Ratio
0.0

0.1

0.2

Area Ratio

 0.0 1.0 Conc. Ratio
0.0

2.5

5.0
Area Ratio

 

                                                                            

            R = 0.9997                       R = 0.9996                         R = 0.9996 

0.0 1.0 Conc. Ratio
0.0

2.5

Area Ratio

 0.0 1.0 Conc. Ratio
0.0

2.5

5.0

7.5

Area Ratio

0.0 1.0 Conc. Ratio
0.0

2.5

5.0

7.5

Area Ratio

 

                                                            

R = 0.9990                    R = 0.9994                       R = 0.9986 

0.0 1.0 Conc. Ratio
0

1

2

3
Area Ratio

 0.0 1.0 Conc. Ratio
0

1

2

3

4
Area Ratio

0.0 1.0 Conc. Ratio
0.0

2.5

5.0
Area Ratio

 

             [a]                                                   [b]  

             R = 0.9993                       R = 0.9997                    R = 0.9978 

0.0 1.0 Conc. Ratio
0.0

2.5

5.0
Area Ratio

 0.0 1.0 Conc. Ratio
0.0

2.5

Area Ratio

0.0 1.0 Conc. Ratio
0

1

2

3

4
Area Ratio

 

            [k]                       [a]                    [1,2,3-cd]  

             R = 0.9991                      R = 0.9999                    R = 0.9988 
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0.0 1.0 Conc. Ratio
0.0

2.5

Area Ratio

 0.0 1.0 Conc. Ratio
0.0

2.5

5.0

Area Ratio

 

         [a,h]                       [g,h,i]  

           R = 0.9999                       R = 0.9999 

2  

2.3

20 �g/L 100 �L

1.0 �g/kg 3

 

2 

 
      %  

%  

RSD 

%  

 

�g/kg  1    2    3 

 80.36 73.86 87.95 80.72  8.74  0.023 

 82.80 77.97 80.00 80.25  3.02  0.067 

 80.98 68.98 69.68 73.22  9.20  0.010 

 66.20 63.72 63.24 64.38  2.47  0.009 

 77.77 67.22 66.67 70.56  8.87  0.002 

 84.07 71.51 69.17 74.92  10.69  0.001 

[a]  89.27 71.31 72.11 77.56  13.08  0.008 

 97.75 104.03 103.11 101.63  3.34  0.006 

[b]  87.34 93.44 88.96 89.91  3.52  0.003 

[k] ]  63.47 75.16 72.97 70.53  8.81  0.007 

[a]  93.62 86.64 87.44 89.23  4.28  0.009 

[1,2,3-cd]  103.98 98.66 96.72 99.79  3.76  0.006 

[a,h]  69.85 78.39 76.32 74.85  5.95  0.004 

[g,h,i]  83.47 99.56 94.16 92.40  8.86  0.007 
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2.4 SIM

SIM MRM 1 �g/kg

SIM

MRM

 

                   SIM                        MRM  

                 
13.0 13.5

0.00

0.25

0.50

0.75

1.00
(x100,000)

201.00
202.00

13.00 13.25 13.50

0.0

0.5

1.0

1.5

2.0

(x10,000)

202.00>152.00
202.00>200.00

 

                
21.5 22.0

0.00

0.25

0.50

0.75

1.00

(x100,000)

274.00
276.00

21.5 22.0

0.00

0.25

0.50

0.75

1.00

1.25

(x10,000)

276.00>275.00
276.00>274.00

 
                2 SIM MRM 1 �g/kg  

 

3.

GCMS-TQ8030

1.0 �g/kg 63%~104% MRM

 

�

[g,h,i] �
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GCMS

GCMS-QP2010 Ultra

2~100 mg/kg r

0.999 RSD 2.26% 9.76 �g/kg 3

89.2~97.2%  

   

 

“ ”

“ ”

GB2716-2005 50 mg/kg

GB1537-2003 GB10464-2003 GB11765-2003

GB19111-2003 GB19112-2003

50 mg/kg  

GB/T 5009.37-2003

- -FID SN/T 0801.23-2002

- -FID  

AOC-5000 GCMS-QP2010 Ultra

 

1.

1.1

AOC-5000  

GCMS-QP2010 Ultra  

1.2

AOC-5000  

80  

90  

20min 

500�L 

GC  

Rxi-5Sil MS,30m×0.25mm×0.25μm 
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40 (3min)20 /min200  

150  

 

40 1 

 

36.3 cm/sec 

200  

250  

scan 1  

35~120amu

1.3  

70

2h GCMS  

80g 100 mL

0.0001g 0.09g

90g 1000 mg/kg  

1.4

5g 20 mL  

2.  

2.1

1 (50 mg/kg) 

 

1  
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    CAS    

1 1.924 2,2-  2,2-Dimethylbutane 75-83-2 57 43 71 

2 2.071 2-  2-Methylpentane 107-83-5 43 71 57 

3 2.157 3-  3-Methylpentane 96-14-0 57 56 41 

4 2.262  n-Hexane 110-54-3 57 41 86 

5 2.527  Methylcyclopentane 96-37-7 56 69 41 

6 2.918  Cyclohexane 110-82-7 56 84 69 

2.2

1.3

20 mL 5g 0.0001g

2 5 20 50 80 100 mg/kg 2  

 
2,2-                                2-    

 
3-                                    
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2  

2 mg/kg 6 3

2  

2 LOD RSD %  

   LOD �g/kg  RSD% 

1 2,2-  0.9992 5.77 1.96 

2 2-  0.9991 2.93 0.51 

3 3-  0.9995 7.62 2.23 

4  0.9996 9.76 2.15 

5  0.9996 5.31 2.26 

6  0.9996 9.04 1.75 

2.3

4 mg/kg 25 mg/kg

3  

3  

  
4 mg/kg 25 mg/kg 

/% RSD% /% RSD% 

1 2,2-  90.8 3.87 91.6 4.59 
2 2-  92.5 2.84 97.2 3.23 
3 3-  92.5 4.12 90.8 4.53 
4  94.8 4.18 90.9 3.20 
5  93.5 4.04 89.6 3.08 
6  94.0 4.27 89.2 2.97 

2.4

1.4 3

4 4  

 
3 1  
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4 2  

4 mg/kg  

  1 2 

1 2,2-  N.D N.D 

2 2-  N.D N.D 

3 3-  N.D N.D 

4  N.D N.D 

5  N.D N.D 

6  N.D N.D 

3.  

    GCMS-QP2010 Ultra

2~100 mg/kg 9.76mg/kg(3 ) RSD

2.26% 89.2%~97.2%
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HPLC [a]

[a] [a] 0.8~40.0 

ng/mL R 0.999 LOD LOQ 0.07 0.22 ng/mL. 

(a)   

 

[a] Benzo(a)Pyrene CAS No. 50-32-8

[a]  

 

1 [a] [Benzo(a)Pyrene]  

[a]

[a]

( )

[a]

 

GB 2762-2012 (256) GB 2716-2005

[a] 10 �g/kg  

HPLC [a]  

 

1.

1.1

    LC-20AD( ) DGU-20A3( ) SIL-20AC( ) CTO-20AC( )

RF-20AXS( ) CBM-20A( ) LCsolution( ) (a)

99.6 % Cerilliant HPLC Merck Millipore  

1.2

1.2.1 
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    [a]  

1.2.2 

    GB/T 22509-2008 [a]  

1.3

/  = 83/17(v/v) 

1.0 mL/min 

10 �L 

Intersil ODS-SP 4.6 mm I.D.×250 mm L. 5 �m 

40  

Ex = 384 nm Em = 406 nm 

2.

2.1

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 min

0

5

10

15

20

25

30

mV
 A:Ex:384nm,Em:406nm 

B
aP

 

 2 [a] (4 ng/mL) 

    [a] 0.8 ng/mL 2.0 ng/mL 4.0 ng/mL 20 ng/mL 40 ng/mL

3 1  

0 10 20 30
0

1000000

2000000

3000000

4000000

5000000

 

      3 [a]  
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1 [a]  

 
Y=AX+B 

R 
A B 

[a]  123153 6775 0.9999 

0.4 ng/mL [a] 4 3 10

[a] 2  

2.5 5.0 7.5 10.0 12.5 15.0 17.5 min

-1.0

-0.5

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5mV
 A Ex:384nm,Em:406nm 

B
aP

 

4 [a] (0.4 ng/mL) 

2 [a]  

 LOD(ng/mL) LOQ(ng/mL) 

[a]  0.07 0.23 

2.2

    [a] 4.0 ng/mL

3 RSD 0.025 % RSD 0.64 %  

3 (n = 6) 

 No. (min)  

[a[  

1 12.792 562991 

2 12.792 556580 

3 12.793 560445 

4 12.790 558299 

5 12.793 558852 

6 12.793 552392 

RSD% 0.025 0.64 

2.3

    10 �g/kg

5 4 97.5%~111.2%  
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5  

4  

 
 

(�g/kg) 

 

(%) 
(%) 

[a]  10 

97.5 

104.6 111.2 

105.0 

2.4

    1.2 6 5  

 

6  

5  

 
(�g/kg) 

1 2 3 

[a]  4.87 9.85 3.49 

3.

    [a] 0.8~40.0 ng/mL

R 0.999 LOD LOQ 0.07 0.22 ng/mL 97.5~111.2%. 

5.0 10.0 15.0 min

0

5000

10000

15000

uV

1�

2�

3�

—� �

� 10��g/kg�

0.0 5.0 10.0 15.0 min

0

5000

10000

15000

20000

25000

30000

uV
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RF-20AXS [a]

(Benzopyrene, cas: 50-32-8)

[a] [e] [a]

[a]

[a]

RF-20AXS [a] 0.0056 

�g/L 0.017 �g/L  

    [a]  

 

(Benzopyrene)

[a] [e] [a] (Benzo(a)Pyrene CAS No. 

50-32-8)  

 

 

GB 2762-2012 (256) GB 2716-2005

[a] 10 �g/kg

2010

6 RF-20AXS

[a]  

 

1.

1.1

1.1.1 

    HPLC  

1.1.2 



�
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    LC-20AD SIL-20A CTO-20A CBM-20A DGU-20A3

RF-20AXS  

1.2

    LiChrospher® 100 RP-18e(4 mm I.D.×250 mm L. 5 �m) /

=15/85(v/v) 1.0 mL/min 35 384 nm

412 nm 10 �L  

1.3

1.3.1 [a]

    5

1.0 �g/L 2.0 �g/L 5.0 �g/L 10 �g/L 20 �g/L  

1.3.2 

    GB/T 22509-2008

[a] (90/10

v/v)  

2.

2.1 [a]

    [a] 1.0 �g/L 2.0 �g/L 5.0 �g/L 10 �g/L 20 �g/L

1 2 1 1.0000 0.0056 

�g/L 0.017 �g/L  

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 min

0

25

50

75

100

mV
 A:Ex:384nm,Em:412nm 

 

1 [a]  

1 [a]  

Level (min)    

1 11.88 149933 12495 330 

2 11.87 308875 12439 1254 

3 11.87 783693 12471 3811 
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4 11.87 1577426 12471 6822 

5 11.88 3168033 12561 15437 

 

0.0 5.0 10.0 15.0
0

500000

1000000

1500000

2000000

2500000

3000000

 

2 [a]  

(Y=(158841)X+(-9603.23) R=1.0000) 

2.2

    3 2 [a] 11.87 

min 13.8 �g/L  

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 min

0

25

50

75

100

125

150
mV

 A:Ex:384nm,Em:412nm 

 

3 [a]  

2  

 
 

(min) 
  

 

(�g/L) 

[a]  11.87 2189460 12248 13.8 

3.

LC-20A [a]

0.0056 �g/L 0.017 

�g/L  
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- ( )

102.5% 0.9998 93.3%

0.9998 94.3% 0.9994

 

    

 

 

 

- ( )

 

 

1.

1.1

AA-7000  

1.2

1+1 24  

 

 

Cu 2 mg/kg Fe 10 mg/kg Ni 10 mg/kg  
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[Nb(NO3)5] 1000 mg/L “ ”  

 

1.3

1:2 1

1  

1  

 
 

nm  
 

  

s

 

mL/min

 

s  

 

mL/min

Cu 324.8  900 50 300 2700 2 50 

Fe 248.3  1200 50 300 2700 2 50 

Ni 232.0  800 50 300 2400 2 50 

Fe  100 �L 1000 mg/L

100 60s 2700 5s 300 �L

2700  

 

2.

2.1

1  

 

        1  

r=0.9998 10

3 0.03 mg/kg  
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2

2  

2  

  
 

mg/kg  

 

mg/kg  

RSD 

(%) 

Cu 14# 0.98 0.99 3.07 

3

3  

 
 

mg/kg

 

mg/ kg

 

mg/ kg %

Cu 0.98 0.4 1.39 102.5 

2.2

1  

 

      2  

r=0.9998 10

3 0.05 mg/kg  

2

4  

  
 

mg/ kg

 

mg/ kg  

RSD 

(%) 

Fe 14# 0.52 0.50 6.22 
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3

5  

 
 

mg/ kg

 

mg/ kg

 

mg/ kg %  

Fe 0.52 0.30 0.80 93.3 

2.3

1  

 

      3  

r=0.9994 10

3 0.03 mg/kg  

2

6   

 
 

 

 

mg/ kg  

 

mg/ kg  

RSD 

(%) 

Ni 14# 0.46 0.45 3.44 

3

7  

 
 

mg/ kg  

 

mg/ kg  

 

mg/ kg  %  

Ni 0.46 0.35 0.79 94.3 

3.
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GB/T 5537-2008  

0 0.08 mg r2 0.9995 RSD 0.21%

89 -96%  

   

 

GB/T 5537-2008   

 

1.

1.1

    

650 nm

 

1.2

UV-2600  

10 mm  

1.3

    101 2h 

    2.5% 28 mL 60 mL

2.5 g 100 mL 24 h  

    0.015% 0.075 g 500 mL  

    50% 25 g 25 mL  
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    1:1  

    0.2193 g 500 mL,

 0.1 mg/mL  

    10 mL 100 mL

 0.01 mg/mL  

2.

2.1

    0 0.5 1 2 3 4 mL 5 4.5 4 3 2 1mL

4 mL 1 mL 3~4

10 min 10 min

650 nm

0.00 0.01 0.02 0.04 0.06 0.08 mg

 

2.2

    10 g 0.001 g 0.5 g

550 600

2 h 10 mL 1:1 5 min

100 mL 5 mL 

3~4

1:1 2

 

5 mL 25 mL  4 mL 1mL

3~4 10 min

10 min

650 nm   

  

3.  

3.1
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 (mg)
0.00 0.02 0.04 0.06 0.08

A
bs

.

0.41

0.30

0.20

0.10

-0.04

y = 4.62105 x - 0.00007
r2 = 0.99950

     1  

    0 0.08 mg

r2=0.99950  

3.2

     

31.26**
2

1

V
V

m
PX �  

X mg/g         P mg  

m g         V1 mL    

V2 mL 26.31  

1# 2#  

1  

    

 

 

(g) 

 

(mL) 
(mL)

 

(�g)

 

(mg/g)

1# 10.06 100 5 0. 73 0.038

2# 10.07 100 5 0. 81 0.042

3.3

    1# 11 RSD 0.21%  

3.4

1# 1 mL 2 mL 20 �g 40 �g
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2  

 

 

 

(�g)

 

(�g)

 

(�g)

 

(%)

1# 0.70
20 18.50 89.0

40 39.11 96.0

 

4.  

    GB/T 5537-2008  

0 0.08 mg r2 0.9995 RSD 0.21%

89 -96%  
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(ATR-FTIR)

966 cm-1 R 0.998

75~117% RSD 1.1% ATR-FTIR

 

    

 

(TFA)

 

TFA 1994

TFA 4% TFA

(AOAC) 1999 TFA

TFA 2003 6

TFA 2003

7 2006 1 1

TFA 2009

 

SN/T 2326-2009 

 

1.

1.1
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1  

    (TFA) C-H TFA

966 cm-1

TFA -  

1.2

( 99%) Nuchekprep  

(Canola) 

( ) 

1.3

IRAffinity-1 

    (HATR ZnSe ) 

4000~700 cm-1 

  4 cm-1 

64  

  DLATGS 

1.4

    ( 0.0001 g) 0% 0.05% 0.09%

0.5% 1.0% 4.5% 9.0%  

    ATR 4 cm-1 64

65  

966 cm-1  

 

2.
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750100012501500175020002500300035004000
1/cm

0

0.15

0.3

0.45

0.6

0.75

0.9

1.05

Abs

0\0#
1\1#
2\2
3\3
4\4
5\5
6\6

FTIR Measurement  

2  

950952.5955957.5960962.5965967.5970972.5975977.5980
1/cm

0.15

0.175

0.2

0.225

0.25

0.275

0.3

0.325

0.35

0.375

0.4

Abs

6
5
4
3
2

1#

FTIR Measurement  

3 950-980 cm-1  

750100012501500175020002500300035004000
1/cm

0

0.15

0.3

0.45

0.6

0.75

0.9

1.05

Abs

0#

FTIR Measurement  

4  4  

950952.5955957.5960962.5965967.5970972.5975977.5980
1/cm

0.16

0.18

0.2

0.22

0.24

0.26

0.28

0.3

Abs

0#

FTIR Measurement  

5  4 950-980 cm-1  

    2 4 400~4000 cm-1 966 cm-1
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- IRSolution

 

0 1 2 3 4 5 6 7 8 9
Arb.Units

0.21

0.225

0.24

0.255

0.27

0.285

Abs

Abs = +2.138E-1 + 7.920E-3 * c 1̂, r = 0.997632  

Abs = 0.2138+ 0.007868 * c 

r = 0.998 

6  

    4  

 (%) 

1 0.00 

2 1.03 

3 1.07 

4 3.55 

    75~117% 3# 6 RSD 1.1%  

3.

    SN/T 2326-2009 
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B1

0.15%

 

 

 

1.

1.1

1.2

    Shimadzu IRAffinity-1 

    ATR ZnSe  

4000 700 cm-1 

  4 cm-1 

20 
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Happ-Genz

1.3

 10  

            

          1 1                        2  1  

 

15001550160016501700175018001850
1/cm
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-0.0006

-0.0004

-0.0002
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0.0002

0.0004

Abs/(1/cm)̂ 2

FTIR Measurement           750100012501500175020002500300035004000
1/cm

0

0.01

0.02
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0.04

0.05

Abs
30

03
.1
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24
.0

9
28

52
.7

2

1

14
58

.1
8

11
63

.0
8

10
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7

72
3.

31

FTIR Measurement  
3  1                     4 2  
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FTIR Measurement             

    5 2                   6 2  

750100012501500175020002500300035004000
1/cm

0

0.01
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0.04
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Abs
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28
52
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61
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FTIR Measurement
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-0.0004
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FTIR Measurement
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FTIR Measurement         750100012501500175020002500300035004000
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FTIR Measurement  

7 3                           8 3  
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FTIR Measurement  

9 3                        10 4  
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11 4                   12  4  
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FTIR Measurement          750100012501500175020002500300035004000
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-0.001
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-0.0005
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FTIR Measuremet  

13 5                         14 5
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FTIR Measurement

15 5                       16 6  
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FTIR Measurement           
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FTIR Measurement  
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FTIR Measurement
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FTIR Measurement

27 9                     28 10
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FTIR Measurement  

31  10              32  10                   

   

2.

3008 cm-1

=C-H 2922 cm-1 2853 cm-1 1744 cm-1( C=O) 1460 cm-1

1377 cm-1 -CH3 1159 cm-1 =C-O-C 1097 cm-1 =C-O-C 721 cm-1(

) 5# 3400 cm-1 1639 cm-1

3400 cm-1 1639 cm-1

 

1850~700 cm-1 1744 cm-1 721 cm-1

1300~1000 cm-1 C-O

8

1718 cm-1 2 4 5

1716 cm-1 4 5 2

8  
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3.

5

3400 cm-1 1639 cm-1 5 3400 cm-1 1639 cm-1

3400 cm-1 1639 cm-1

v C=O

4 5 8 4 1716 cm-1

8

  

 

 

 

 

                       


