
GC/MS/MS 

Agilent 7000C GC/MS (MRM) 

162 1 μL

GC 

QuEChERS 

%RSD

(LOD) (LOQ)

0.05 0.5 mg/kg

: w:w 95% (70-120%)

0.01 mg/kg LOQ 0.01 - 2 mg/kg :

w:w LOQ 0.1 mg/kg 7



2

118 

(GRL) [1]

(MS/MS)

GC/MS/MS

Agilent 7000C GC/MS/MS

162 1000

MRM

G9250AA

QuEChERS [2,3,4] 

GC/MS QuEChERS 

Bond Elut QuEChERS 

[5] QuEChERS

GC/MS/MS QuEChERS 

(CFT) [6]

[7]

7000C GC/MS 

162 

CORESTA GRL [1] 

(YQ/T 47.1 – 2014) [12]

QuEChERS 

(MRM) GC/MS/MS 

0.01 - 2 mg/kg 

QuEChERS 

(LOD) 

(LOQ) mg/kg :

(w:w)

HPLC 
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: 2:1 v:v

(2 μg/mL) : 2:1 v:v

(ISTD) (20 μg/mL)

(2 μg/mL) (20 μg/mL) : (2:1, v:v) 

0.01 - 2 mg/kg :

w:w

QuEChERS

2 g 10 mL 5 mL 

Bond Elut QuEChERS 5982-

5650 Bond Elut QuEChERS 

5982-5022

QuEChERS 

1 mL 

 2 g  50 mL 

 10 mL  10 min

 10 mL  2000 rpm  2 min

 –18 °C  10 min

 5 mL  2000 rpm  2 min

 4000 rpm  5 min

 1.5 mL 

 2000 rpm  2 min

 4000 rpm  5 min
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Agilent 7890A (EI)

7000C

(EPC) (MMI) Agilent 7693A 

EPC Ultimate 

15 m Agilent J&W DB-5ms 

MassHunter 

MRM [8]

40.5 min 5 min 

MRM

MRM

MRM

1 2 3

1. 

1 Agilent J&W DB-5ms UI, 
15 m × 0.25 mm 0.25 μm 122-5512UI

MMI EPC
2 Agilent J&W DB-5ms UI, 

15 m × 0.25 mm 0.25 μm 122-5512UI
EPC 

1 μL

A 2 
B 2 

A 5 
B 5 

1 × 3 μL
3

MMI 70 °C 0 min 240 °C/min 
280 °C 
50 mL/min 1.25 min 

10 min 20 mL/min
3 mL/min
60 °C 1 min 40 °C/min 120 °C

5 °C/min 310 °C
1 1 mL/min
2 1.2 mL/min

18.700 min
40.5 min
310 °C 5 min EPC 50 psi

2 psi

EI, –70 eV
300 °C
180 °C
280 °C
3.75 min
2.25 mL/min
1.5 mL/min

MS1/MS2 
3
3

2. 

100/ 5182-0716
100/ 5182-0717

150 μL 100/
5183-2088

50/ 5183-4759
4 mm 

5190-2293
Bond Elut 5982-5650

QuEChERS 

Bond Elut 5982-5022
QuEChERS 
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3. MRM *

CE CE

3- 180.0 & 137.0 15 137.0 & 107.0 15

136.0 & 42.0 5 142.0 & 96.0 5

152.0 & 116.1 15 126.0 & 73.0 25

-S- 135.0 & 63.1 20 182.0 & 181.1 5

237.0 & 160.1 5 269.0 & 188.0 5

262.9 & 192.9 35 262.9 & 190.9 35
α- 262.8 & 192.9 30 195.0 & 160.0 10

214.9 & 58.1 10 214.9 & 200.2 5

160.0 & 77.1 20 160.0 & 77.0 20

160.0 & 77.1 20 132.0 & 51.0 30

344.1 & 171.9 40 344.1 & 329.0 15

266.0 & 148.1 5 233.9 & 146.0 20

292.0 & 264.0 5 292.0 & 206.0 10

190.0 & 102.0 10 190.0 & 74.0 20
β- 241.0 & 206.0 25 206.9 & 172.0 15

181.2 & 165.2 25 181.2 & 166.2 10

170.1 & 141.1 20 170.1 & 115.0 40

205.0 & 188.0 15 207.0 & 190.0 15

330.8 & 315.8 15 328.8 & 313.8 15

266.0 & 220.2 10 266.0 & 174.2 20

158.8 & 97.0 15 157.9 & 96.9 15

310.8 & 78.8 15 150.0 & 71.9 5

116.9 & 82.0 30 149.0 & 70.0 15

144.0 & 115.1 20 144.0 & 116.1 10

221.0 & 164.0 10 164.0 & 103.0 25

118.0 & 76.0 5 160.0 & 62.0 20

233.9 & 206.1 10 233.9 & 148.1 25
(oxythioquinox)

278.0 & 249.0 25 278.0 & 215.0 30

372.9 & 265.9 20 271.9 & 236.9 15

271.7 & 236.9 15 372.8 & 265.8 15

151.9 & 117.1 10 180.9 & 140.0 15

266.9 & 159.1 15 268.9 & 161.0 15

316.6 & 286.6 15 316.6 & 195.6 25

251.1 & 139.1 15 139.1 & 75.1 30

263.8 & 133.0 40 264.0 & 168.0 25

196.9 & 169.0 15 198.9 & 171.0 15

285.9 & 92.9 20 124.9 & 47.0 15

(DCPA) 300.9 & 223.0 25 298.9 & 221.0 25

125.0 & 89.0 15 204.0 & 78.0 30

226.0 & 206.0 15 162.9 & 127.0 5

λ- 208.0 & 181.0 5 181.1 & 152.0 25

165.1 & 127.1 5 163.1 & 127.1 5

161.9 & 89.0 5 89.0 & 46.0 15

157.0 & 75.0 5 155.0 & 75.0 5

252.9 & 93.0 15 253.0 & 174.0 5

-O 88.0 & 60.0 5 171.0 & 115.0 10

-S 88.0 & 60.0 5 126.0 & 65.0 10

88.0 & 60.0 5 142.0 & 78.9 10

169.1 & 109.0 15 169.1 & 125.1 5

*

304.0 & 179.0 15 137.1 & 84.0 10

184.9 & 93.0 10 185.0 & 109.0 15

160.1 & 124.1 10 206.1 & 176.0 10

262.9 & 193.0 35 262.9 & 191.0 35

322.8 & 264.8 15 264.9 & 202.0 20

153.0 & 125.0 15 153.0 & 91.0 30

110.0 & 47.0 35 153.0 & 110.0 10

187.0 & 152.0 5 243.0 & 187.0 10

86.9 & 46.0 15 92.9 & 63.0 10

(E) 301.0 & 139.0 15 300.9 & 165.0 10

(Z) 301.0 & 139.0 15 300.9 & 165.0 10

167.1 & 165.1 20 167.1 & 152.1 15

88.0 & 60.0 5 142.0 & 81.0 10

213.0 & 96.9 15 152.9 & 97.0 10

97.0 & 65.0 20 212.0 & 97.0 30

271.9 & 237.0 15 273.8 & 238.9 15

262.8 & 193.0 35 263.0 & 228.0 20

157.0 & 110.0 15 141.0 & 77.1 15

230.9 & 129.0 20 231.0 & 175.0 10

157.9 & 97.0 15 157.9 & 114.0 5

329.9 & 223.9 10 330.0 & 224.0 5

(phenamiphos) 303.0 & 154.0 15 303.0 & 180.0 20

319.8 & 292.0 10 291.8 & 214.0 10

304.0 & 196.0 5 304.0 & 122.0 15

(Ronnel) 285.0 & 269.9 15 286.9 & 272.0 15

277.0 & 260.1 5 277.0 & 109.0 15

291.8 & 156.0 15 292.8 & 96.8 20

278.0 & 169.0 15 278.0 & 109.0 15

309.9 & 105.0 10 124.9 & 47.0 10

125.0 & 47.0 10 278.0 & 109.0 15

224.9 & 119.0 15 167.0 & 125.1 5

156.9 & 107.1 15 198.9 & 107.0 25

143.0 & 107.1 20 157.0 & 109.0 25

260.0 & 130.0 15 261.8 & 130.1 15

245.9 & 137.0 5 245.9 & 109.0 15

124.9 & 47.0 15 170.0 & 93.0 5

219.0 & 183.0 5 181.0 & 145.0 15

α- 216.9 & 181.0 5 219.0 & 183.0 5

β- 218.9 & 183.1 5 219.0 & 183.0 5

δ- 217.0 & 181.1 5 219.0 & 183.1 5

271.7 & 236.9 15 273.7 & 238.9 15

352.8 & 262.9 15 354.8 & 264.9 15

182.9 & 118.9 25 289.0 & 219.0 30

124.0 & 89.0 10 124.0 & 63.0 35

283.8 & 213.9 30 281.8 & 211.9 30

202.9 & 134.0 15 203.0 & 78.0 30

245.9 & 91.0 15 203.9 & 91.0 5

313.8 & 55.9 20 313.8 & 244.9 10

257.0 & 119.0 15 257.0 & 162.0 5

264.0 & 222.2 5 238.0 & 165.2 10

CE CE



4 0.05 0.5 mg/kg 

95% 

70 - 120% 70 - 120% 

20% RSD 

(PDP) PDP 50 - 150% 

[9]

(RSD ≤ 20%) 70 - 120% 

QuEChERS 

pH

-d6 -d4

40 

[10] 

pH 

6

162.1 & 85.0 20 189.1 & 89.0 20

377.0 & 362.0 20 376.8 & 361.8 20

172.9 & 99.0 15 126.9 & 99.0 5

234.0 & 146.1 20 234.0 & 174.1 10

141.0 & 64.0 20 141.0 & 95.0 5

144.9 & 85.0 5 144.9 & 58.1 15

168.0 & 109.1 15 168.0 & 91.0 30

200.0 & 121.0 15 185.0 & 121.0 5

105.0 & 88.0 5 105.0 & 58.0 10

153.0 & 111.1 5 153.0 & 83.0 20

227.0 & 169.1 25 227.0 & 141.1 40

238.0 & 162.2 10 162.2 & 133.2 15

127.0 & 95.0 15 192.0 & 127.0 10

165.1 & 134.0 10 165.1 & 150.0 15

271.8 & 236.8 15 273.8 & 238.8 15

192.0 & 127.1 10 127.1 & 95.0 15

179.0 & 125.1 10 150.0 & 123.0 15

144.9 & 109.0 15 184.9 & 93.0 15

271.0 & 72.1 15 128.0 & 72.1 5

202.0 & 139.1 20 282.9 & 253.0 10
o,p'-DDD 235.0 & 165.2 20 237.0 & 165.2 20
o,p'-DDE 246.0 & 176.2 30 248.0 & 176.2 30
o,p'-DDT 235.0 & 165.0 20 237.0 & 165.0 20

155.9 & 110.0 5 155.9 & 79.0 20

163.0 & 132.1 5 232.9 & 146.1 10

98.0 & 58.0 10 145.0 & 71.9 20
p,p'-DDD 235.0 & 165.0 20 237.0 & 165.0 20
p,p'-DDE 315.8 & 246.0 15 246.1 & 176.2 30
p,p'-DDT 235.0 & 165.0 20 237.0 & 165.0 20

290.9 & 109.0 10 138.9 & 109.0 5

262.9 & 109.0 10 232.9 & 109.0 10

248.0 & 192.1 15 248.0 & 157.1 25

(penoxaline) 251.8 & 162.2 10 251.8 & 161.1 15

163.0 & 127.0 5 183.1 & 165.1 10

121.0 & 47.0 30 260.0 & 75.0 10

182.0 & 75.1 30 182.0 & 111.0 15

(E) 264.0 & 127.0 15 264.0 & 72.0 10

(Z) 264.0 & 127.0 15 192.9 & 127.0 5

176.1 & 103.1 25 176.1 & 131.1 15

238.0 & 166.2 10 166.0 & 55.1 20

290.0 & 125.0 20 232.9 & 151.0 5

338.8 & 268.7 15 207.9 & 63.0 30

110.0 & 63.0 25 110.0 & 64.0 15

308.9 & 238.9 15 266.9 & 239.0 5

221.0 & 193.1 10 232.0 & 204.1 10

298.0 & 156.0 20 157.0 & 102.0 30

371.8 & 298.9 10 163.0 & 136.0 10

153.1 & 46.1 15 199.0 & 92.0 5

177.1 & 87.0 30 177.1 & 127.1 15

197.0 & 135.0 30 197.0 & 142.0 25

230.9 & 129.0 20 230.9 & 175.0 10

264.0 & 97.0 25 199.0 & 97.0 20

330.8 & 108.9 15 328.8 & 108.9 15

158.9 & 111.0 20 353.8 & 226.8 10

212.0 & 139.0 15 212.0 & 125.0 10

143.0 & 79.0 10 175.0 & 79.0 10

208.0 & 181.1 5 208.0 & 111.0 20

168.0 & 70.0 10 128.0 & 65.0 25

257.0 & 162.1 5 161.2 & 134.2 5

145.0 & 109.0 12 109.0 & 79.0 10

139.0 & 75.0 30 139.0 & 111.0 15

305.9 & 264.0 5 290.0 & 248.0 5

234.1 & 137.0 15 234.1 & 165.1 10

141.9 & 78.9 10 145.0 & 87.0 5

3. MRM *

c CE CECE CE
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4. 162 (n = 3) %RSD (n = 3) LOD LOQ

3- 0.01-2 0.9958 95.26 11.98 106.21 6.17 0.0416 0.1388

0.01-2 0.9973 78.95 9.89 76.12 4.11 0.0036 0.0121

0.01-2 0.9985 101.3 2.34 107.03 2.11 0.0074 0.0246

-S- 0.01-2 0.9976 88.61 0.48 98.16 1.65 0.0014 0.0045

0.01-2 0.9984 99.29 3.2 100.68 1.86 0.0015 0.0052

0.01-2 0.9997 92.71 0.93 105.2 0.86 0.002 0.0068
α- 0.01-2 0.9993 101.24 4.88 108.07 2.46 0.0026 0.0088

0.01-2 0.9925 92.8 2.32 94.73 2.32 0.0018 0.0059

0.01-2 0.9942 103.94 5.11 88.6 0.57 0.0213 0.0711

0.01-2 0.9977 104.3 6.05 108.05 1.68 0.0037 0.0125

0.01-2 0.9996 104.12 2.07 106.13 2.77 0.001 0.0034

0.01-2 0.9796 86.6 3.81 85.13 2.57 0.0023 0.0077

0.01-2 0.9990 78.45 2.82 78.57 3.09 0.0023 0.0077
β- 0.01-2 0.9993 103.62 5.35 105.88 1.83 0.0067 0.0223

0.01-2 0.9999 103.37 1.28 108.8 1.61 0.0026 0.0088

0.01-2 0.9994 103.58 2.89 106.16 1.45 0.0027 0.0089

0.01-2 0.9992 96.42 1.63 101.98 1.86 0.0013 0.0044

0.01-2 0.9990 95.63 1.96 102.49 1.6 0.0012 0.0041

0.01-2 0.9764 86.01 2.22 84.08 2.05 0.0025 0.0083

0.01-2 0.9990 94.92 5.19 100.05 2.46 0.0026 0.0086

0.01-2 0.9991 94.37 22.53 74.16 10.38 0.0222 0.0739

0.01-2 0.9954 77.23 3.74 79.66 9.92 0.0061 0.0204

0.01-2 0.9991 98.84 0.78 102.09 2.79 0.0032 0.0107

0.01-2 0.9967 113.25 13.81 107.89 1.65 0.0134 0.0446

0.01-2 0.9980 83.01 5.14 98.27 0.6 0.0018 0.0059

(oxythioquinox) 0.01-2 0.9989 63.97 5.88 58.37 2.49 0.0017 0.0056

0.01-2 0.9982 129.44 2.96 123.13 3.23 0.004 0.0132

0.01-2 0.9994 94.74 7.3 105.68 2.6 0.0031 0.0103

0.01-2 0.9995 97.11 2.41 105.74 1.86 0.0027 0.0091

0.01-2 0.9996 92.57 2.85 93.24 1.97 0.0026 0.0086

0.01-2 0.9989 101.32 3.62 104.28 1.26 0.0011 0.0037

0.01-2 0.9886 92.29 1.41 93.14 3.44 0.0039 0.0129

0.01-2 0.9996 101.61 1.95 107.34 1.65 0.0011 0.0037

0.01-2 0.9958 31.84 15.52 46.19 3.11 0.0019 0.0065

0.01-2 0.9992 95.06 6.73 105.14 1.95 0.0025 0.0085

0.01-2 0.9982 94.51 3.18 100.01 1.85 0.0023 0.0076

(DCPA) 0.01-2 0.9996 99.72 3.62 106.3 1.58 0.0008 0.0027

0.01-2 0.9995 97.78 2.71 100.83 3.97 0.0014 0.0045

0.01-2 0.9940 99.34 4.3 99.79 2.14 0.0014 0.0047

λ- 0.01-2 0.9931 96.48 3.61 95.36 0.57 0.0012 0.004

0.01-2 0.9927 103.83 5.85 101.93 1.04 0.0025 0.0083

0.01-2 0.9971 78.53 7.59 88.67 2.76 0.003 0.0099

0.01-2 0.9999 86.41 0.64 93.17 6.56 0.0019 0.0062

0.01-2 0.9864 95.48 6.67 91.64 2.23 0.003 0.0101

-O 0.01-2 0.9991 107.06 10.43 101.67 2.54 0.0017 0.0057

-S 0.01-2 0.9980 94.01 6.46 98.75 2.47 0.002 0.0065

0.01-2 0.9979 93.46 6.69 99.2 2.36 0.004 0.0133

0.01-2 0.9945 90.44 4.22 86.32 3.97 0.0031 0.0103

0.01-2 0.9992 95.75 3.04 100.53 3.04 0.003 0.0099

%RSD

0.05 mg/kg 0.5 mg/kg

(mg/kg) R2 (%) %RSD (%) %RSD
LOD 
(mg/kg)

LOQ 
(mg/kg)
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0.01-2 0.9999 112.03 5.74 122.71 3.44 0.0037 0.0122

0.01-2 0.9950 93.75 2.11 95.61 4.68 0.0028 0.0092

0.01-2 0.9998 105.82 5.78 108.27 2.73 0.0043 0.0142

0.01-2 0.9985 105.12 2.14 108.8 1.27 0.0034 0.0115

0.01-2 0.9997 90.95 8.55 94.64 5.17 0.0036 0.0121

0.01-2 0.9998 99.98 5.29 105.32 1.69 0.003 0.01

0.01-2 0.9960 97.04 5.59 98.46 0.61 0.003 0.0101

(E) 0.01-2 0.9990 104.55 4.02 109.43 1.11 0.0017 0.0055

(Z) 0.01-2 0.9997 105.95 3.4 113.19 2.29 0.0028 0.0093

0.01-2 0.9996 101.55 4.29 105.3 1.21 0.0011 0.0036

0.01-2 0.9984 92.8 1.86 99.38 2.75 0.0023 0.0075

0.01-2 0.9965 94.79 5.19 99.66 0.95 0.0026 0.0088

0.01-2 0.9976 105.45 8.03 104.96 8.06 0.003 0.01

0.01-2 0.9995 102.74 2.37 106.35 1.13 0.0009 0.0031

0.01-2 0.9994 94.83 3.33 105.86 1.11 0.0039 0.0129

0.01-2 0.9946 96.29 3.99 97.99 2.26 0.0014 0.0048

0.01-2 0.9959 97.75 4.41 101.84 2.27 0.0016 0.0052

0.01-2 0.9989 93.44 5.69 100.76 1.57 0.0033 0.0108

0.01-2 0.9845 96.3 7.56 94.2 1.15 0.0039 0.0131

(phenamiphos) 0.01-2 0.9991 99.23 3.11 102.83 1.86 0.0023 0.0075

0.01-2 0.9979 101.7 3.25 102.54 1.47 0.0013 0.0045

0.01-2 0.9840 97.96 6.87 86.91 0.81 0.002 0.0067

(Ronnel) 0.01-2 0.9990 97.07 4.74 104.12 0.96 0.002 0.0065

0.01-2 0.9804 86.01 3.82 86.01 0.74 0.0026 0.0085

0.01-2 0.9874 113.76 2.77 120.81 3.12 0.0028 0.0094

0.01-2 0.9994 97.7 5.98 103.19 0.1 0.0024 0.0078

0.01-2 0.9979 93.67 6.96 97.65 2.82 0.0031 0.0102

0.01-2 0.9976 95.04 4.15 96.24 1.56 0.002 0.0066

0.01-2 0.9878 112.17 1.57 95.4 2.55 0.0072 0.0241

0.01-2 0.9959 106.16 2.37 106.38 2.89 0.0009 0.0031

0.01-2 0.9904 90.29 5.57 93.81 1.97 0.0023 0.0076

0.01-2 0.9906 75.72 5.77 71.03 8.01 0.0025 0.0082

0.01-2 0.9985 93.59 3.44 98.78 2.8 0.0017 0.0056

0.01-2 0.9971 86.49 2.55 87.42 3.52 0.0029 0.0098

0.01-2 0.9988 93.99 1.46 96.48 4.32 0.0013 0.0043

α- 0.01-2 0.9991 94.48 2.64 100.32 3.89 0.0015 0.0049

β- 0.01-2 0.9981 97.69 3.91 98.73 3.95 0.0012 0.0039

δ- 0.01-2 0.9990 96.07 3.67 97.4 4.18 0.0013 0.0043

0.01-2 0.9967 89.21 3.27 98.28 2.77 0.0013 0.0043

0.01-2 0.9993 95.93 3.73 105.75 2.06 0.002 0.0066

0.01-2 0.9996 104.44 6.65 106.73 2.91 0.0037 0.0125

0.01-2 0.9989 93.56 5.38 99.32 2.22 0.0029 0.0098

0.01-2 0.9997 83.24 2.29 95.74 3.13 0.0015 0.0051

0.01-2 0.9998 106.45 3.22 115.42 1.11 0.003 0.0099

0.01-2 0.9968 96.43 3.84 100.83 1.52 0.0035 0.0117

0.01-2 0.9999 99.45 5.51 105.61 2.37 0.0025 0.0085

0.01-2 0.9988 97.65 2.42 98.61 5.92 0.0029 0.0096

0.01-2 0.9822 87.37 1.75 87.92 1.55 0.0024 0.0081

0.01-2 0.9996 101.5 1.29 106.6 1.06 0.0009 0.0029

0.01-2 0.9991 96.11 3.87 104 1.77 0.0016 0.0052

0.01-2 0.9976 96.68 4.77 100.62 1.21 0.0021 0.007

%RSD

0.05 mg/kg 0.5 mg/kg

(mg/kg) R2 (%) %RSD (%) %RSD
LOD 
(mg/kg)

LOQ 
(mg/kg)
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0.01-2 0.9997 99.25 4.16 105.66 1.52 0.0026 0.0087

0.01-2 0.9985 64.8 9.05 72.27 3.05 0.004 0.0134

0.01-2 0.9980 94.26 2.82 98.29 1.07 0.0023 0.0075

0.01-2 0.9993 97.78 4.25 102.84 1.89 0.0017 0.0057

0.01-2 0.9973 92.5 2.96 100.65 1.07 0.0035 0.0118

0.01-2 0.9970 120.17 10.64 106.37 10.74 0.006 0.0201

0.01-2 0.9988 107.7 10.08 104.43 3.23 0.0179 0.0595

0.01-2 0.9970 93.03 1.39 94.25 5.39 0.0022 0.0072

0.01-2 0.9991 97.92 2.1 103.27 1.29 0.0009 0.003

0.01-2 0.9992 95.16 4.22 97.9 1.37 0.0058 0.0195

0.01-2 0.9991 99.65 4.42 101.16 3.76 0.0021 0.007

0.01-2 0.9995 88.83 1.75 103.68 1.92 0.001 0.0032

0.01-2 0.9946 88 10.24 90.02 2.7 0.0052 0.0172

0.01-2 0.9997 103.08 1 106.29 1.24 0.0013 0.0044

0.01-2 0.9872 27.35 2.48 15.82 18.06 0.0019 0.0062

0.01-2 0.9995 101.99 1.08 105.75 1.08 0.0025 0.0083

0.01-2 0.9924 93.4 2.75 94.42 1.19 0.0028 0.0095
o,p'-DDD 0.01-2 0.9997 101.75 0.8 110.48 1.03 0.001 0.0034
o,p'-DDE 0.01-2 0.9997 95.92 1.07 107.07 0.81 0.0015 0.0051
o,p'-DDT 0.01-2 0.9975 95.75 1.18 100 4.94 0.0021 0.007

0.01-2 0.9961 83.31 11.12 82.39 4.61 0.0037 0.0123

0.01-2 0.9995 106.24 3.18 106.29 1.77 0.0015 0.0051

0.01-2 0.9971 107.18 8.43 96.25 5.86 0.0207 0.0689
p,p’-DDD 0.01-2 0.9991 105.79 2.1 109.09 1.4 0.001 0.0032
p,p’-DDE 0.01-2 0.9990 158.52 6.65 111.94 2.2 0.0105 0.035
p,p’-DDT 0.01-2 0.9967 100.53 3.45 95.5 6.79 0.0036 0.0119

0.01-2 0.9754 88.29 3.98 86.33 1.52 0.003 0.0099

0.01-2 0.9863 87.19 4.1 88.47 3.18 0.0028 0.0094

0.01-2 0.9994 100.09 3.94 103.44 0.47 0.0018 0.0059

(penoxaline) 0.01-2 0.9769 82.87 3.16 83.8 1.8 0.003 0.0099

0.01-2 0.9993 102.01 0.87 107.26 1.24 0.002 0.0066

0.01-2 0.9978 94.43 3.97 98.14 2.82 0.0029 0.0095

0.01-2 0.9986 96.62 2.4 100.12 1.4 0.0012 0.0039

(E) 0.01-2 0.9971 93.1 13.39 98.58 3.89 0.0012 0.0041

(Z) 0.01-2 0.9972 97.94 4.64 98.44 2.45 0.0015 0.005

0.01-2 0.9996 110.28 1.59 106.4 2.06 0.0023 0.0075

0.01-2 0.9997 101.58 1.97 103.44 1.41 0.0014 0.0047

0.01-2 0.9981 95.16 4.76 101.25 1.21 0.0017 0.0058

0.01-2 0.9988 98.56 2.31 104.9 1.83 0.0024 0.0082

0.01-2 0.9993 97.23 4.97 103.62 1.99 0.0026 0.0087

0.01-2 0.9989 97.98 1.05 103.32 1.17 0.0016 0.0052

0.01-2 0.9970 99.63 1.98 100.77 1.4 0.0015 0.005

0.01-2 0.9984 99.95 3.3 101.18 3.7 0.0041 0.0138

0.01-2 0.9988 102.46 4.23 107.96 1.99 0.0014 0.0048

0.01-2 0.9939 94.61 7.7 85.95 3.14 0.0023 0.0076

0.01-2 0.9996 101.33 1.27 105.38 3.87 0.0014 0.0048

0.01-2 0.9996 95.89 6.64 99.87 5.37 0.0016 0.0052

0.01-2 0.9965 92.01 5.13 97.03 3.05 0.0024 0.0079

0.01-2 0.9972 91.68 4.51 100.41 2.53 0.0013 0.0042

0.01-2 0.9989 97.53 1.72 99.85 1.16 0.0025 0.0082

0.01-2 0.9997 103.63 2.25 106.68 2.12 0.0008 0.0028

%RSD

0.05 mg/kg 0.5 mg/kg

(mg/kg) R2 (%) %RSD (%) %RSD
LOD 
(mg/kg)

LOQ 
(mg/kg)
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0.01-2 0.9986 101.04 3.29 100.03 1.66 0.0018 0.006

0.01-2 0.9988 94.57 5.34 100.92 2.39 0.0028 0.0094

0.01-2 0.9994 97.77 3.36 103.18 2.13 0.002 0.0066

0.01-2 0.9998 96.31 4.96 104.37 0.66 0.0017 0.0058

0.01-2 0.9976 101.33 1.78 101.32 2.38 0.0022 0.0073

0.01-2 0.9970 86.41 12 84.19 5.46 0.0042 0.0138

0.01-2 0.9993 96.79 4.56 103.99 1.55 0.0031 0.0103

0.01-2 0.9887 91.83 6.06 92.37 2.27 0.0034 0.0113

0.01-2 0.9995 102.08 2.6 104.09 0.82 0.0025 0.0084

0.01-2 0.9944 86.29 11.05 85.34 2.68 0.0024 0.0081

%RSD

0.05 mg/kg 0.5 mg/kg

(mg/kg) R2 (%) %RSD (%) %RSD
LOD 
(mg/kg)

LOQ 
(mg/kg)

GC/MS/MS Ultimate (PUU) 1

PUU 

5 min

PUU 

2

5 min

3 200 1 μL 

GC/MS/MS

/

 1
15 m × 0.25 mm 0.25 μm

Agilent DB-5ms UI

 2
15 m × 0.25 mm 0.25 μm

Agilent DB-5ms UI

Agilent 7000C 
 7010

MS/MS

MMI
1 μL 

A

B

C

Agilent 7890 GC

 18.700 min

 40.5 min

 5 min

1. MRM 

GC/MS/MS A) B) Ultimate 

C) Agilent J&W DB-5ms UI 15 m × 0.25 mm

0.25 μm
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3. 200 1 μL 0.01 mg/kg 

5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63 65 67 69 71
0

0.2
0.4
0.6
0.8
1.0
1.2
1.4
1.6

×107

C

 (min)

×108

B

0.2

0.6

1.0

1.4

1.8

2.2  15 min 

 310 °C 

 40.5 min

 310 °C  5 min0.2

0.6

1.0

1.4

1.8

2.2

×108

A

2. 

+ MRM (125.0 & 89.0)

 (min)
16.0 16.2 16.4 16.6

0

0.2

0.4

0.6

0.8

1

1.2
16.213 min

 (min)
16.0 16.2 16.4 16.6

0

0.2

0.4

0.6

0.8

1

1.2

125.0 & 89.0, 204.0 & 78.0
Ratio = 34.5 (28.4–42.6)

+ MRM (208.0 & 181.1)

 (min)
20.6 20.8 21.0 21.2

0
0.5

1
1.5

2
2.5

3
3.5

4
4.5

20.969 min

 (min)
20.6 20.8 21.0 21.2

0
0.5

1
1.5

2
2.5

3
3.5

4
4.5

208.0 & 181.1, 208.0 & 111.0
Ratio = 75.7 (59.1–88.7)

+ MRM (179.0 & 125.1)

 (min)

24.3 24.5 24.7

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

24.577 min

 (min)

24.3 24.5 24.7

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

179.0 & 125.1, 150.0 & 123.0
Ratio = 22.6 (19.4–29.1)

×104 ×104 ×103 ×103

+ MRM (163.0 & 127.0)

 (min)
32.5 33.0 33.5

0
0.5

1
1.5

2

2.5
3

*32.660 min

 (min)
32.5 33.0 33.5

0

1
2
3
4
5

6

163.0 & 127.0, 183.1 & 165.1
Ratio = 193.1 (88.9–133.3)×103 ×103

×104 ×104 + MRM (163.0 & 127.0)

 (min)
32.5 33.0 33.5

0
0.5

1
1.5

2

2.5
3

*32.660 min

 (min)
32.5 33.0 33.5

0

1
2
3
4
5

6

163.0 & 127.0, 183.1 & 165.1
Ratio = 193.1 (88.9–133.3)×103 ×103
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8 92% 

(R2) > 0.99

R2 0.98 -

0.99 R2 0.97 - 0.98 

4

10

LOQ MRL

LOD LOQ EPA

99% t [11]

LOD LOQ 162 LOQ ACAC

GRL [1]

162 GC/MS

LOQ LC/MS

3-

/

y = 0.807738*x + 2.128478E–4

R2 = 0.9994

0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

0
0.2
0.4
0.6
0.8
1.0
1.2
1.4
1.6

×10–1 ×10–1

y = 0.460464*x + 2.811171E–4

R2 = 0.9997

0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

y = 1.117237*x + 6.481064E–4

R2 = 0.9996

0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

0
0.2
0.4
0.6
0.8
1.0
1.2
1.4
1.6
1.8
2.0
2.2

y = 2.033208*x + 4.841767E–4

R2 = 0.9996

0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

0
0.4
0.8
1.2
1.6
2.0
2.4
2.8
3.2
3.6
4.0

y = 0.301193*x – 4.983957E–4

R2 = 0.9985

0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

0

1

2

3

4

5

6

0

1

2

3

4

5

6 y = 0.313208*x – 0.001383
R2 = 0.9940

0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

4. 
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LOQ 

EI MRM 

LOQ LOQ

EI 

1,2,3,6- LOD LOQ 

RSD

5A LOQ 0.1 mg/kg 

162 159 LOQ 

161 0.1 mg/kg %RSD 15%

5B %RSD 

0.05 0.5 mg/kg RSD 

GC/MS/MS 

162 0.05 mg/kg 160 

(98.8%) 0.5 mg/kg 161 (99.4%)

%RSD 15%

95% 

15% RSD%

DDT p,p’-DDT 

GC

p,p’-DDT

(13C12-p,p’-DDT) GC

5. 162 %RSD (A) LOQ 

0.1 mg/kg (B) 0.05 

0.5 mg/kg 

0

10

20

30

40

50

60

70

80

90

100

0 ~ x ~ 5 5 < x ~ 10 10 < x ~ 15 15 < x ~ 20 20 < x ~ 100

%RSD 

0 ~ x ~ 5 5 < x ~ 10 10 < x ~ 15 15 < x ~ 20 20 < x ~ 100

%RSD 

0

20

40

60

80

100

120

140

160

A

B

~ LOQ

0.1 mg/kg

0.05 mg/kg
0.5 mg/kg
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0.1 mg/kg

6

A 
 1

B
 2 

C 
 3 

D 
 1 

E 
 2

F 
 3

6. (A-C) 

(D-F) 0.1 mg/kg 

3 1

2
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Agilent 7000C GC/MS/MS

EI Extractor HED-EM

HED-EM 

LOQ ACAC GRL 162 

92% (R2 > 0.99) 95% 

(%RSD < 15%)

QuEChERS Bond Elut QuEChERS 

95% (70 - 120%)
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