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Abstract: A method for the simultaneous determination of 87 commonly used pesticides in China inclu-
ding 24 organophosphorous pesticides 15 organochlorine pesticides 12 azoles 9 pyrethroids 7 amides
and anilines 5 carbamates and other 15 pesticides in river water and seawater was established using solid
phase extraction ( SPE) -gas chromatography-mass spectrometry ( GC-MS) . GC-MS parameters influen—
cing separation and sensitivity were optimized and the effects of sample volume pH and salinity on SPE
were investigated. The purification was performed using NH, SPE cartridge. An internal standard and 5
surrogates were used for data analysis and quality control. The results indicated that under the optimized
conditions the limits of detection were in the range of 0. 1 —6. 6 ng/L. For most target pesticides recov—
eries were between 60% and 120% with relative standard deviations ( RSDs n =4) of 0.01% -9.7%

at the spiked levels of 5 ng/L and 20 ng/L in real river water and sea water matrices. The method was
successfully applied to monitor multi-class pesticides in surface water in Fujian Jiulong estuary and 20
pesticides including 5 organophosphorous pesticides 3 amides 4 azoles 3 carbamates 2 pyrethroids
and 3 other pesticides were detected in the mass concentration range of 1. 18 —660. 93 ng/L. The pro-
posed method can meet the requirement for the determination of trace pesticide residues in water samples.
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Fig. 1 SIM chromatograms of 87 target pesticide standards by GC-MS
The peak numbers are the same as in Table 1 according to the retention times. Su stands for surrogate.
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Fig. 2 Comparison of SIM chromatograms of river water extracts before and after cleanup using NH, cartridge
a. extract before cleanup; b. extract after cleanup.
1 87 GC-MS
Table 1 GC-MS parameters and IDL of 87 target pesticides and surrogates
Conc. / tp/ Selected ion Linear range/ IDL/
No. " Compound Class ) P2
(ug/L)  min (m/2) (pe/L) (g/L)
Su-  tributyl phosphate ( ) Sud 1000 13.774 99" 155 211 1.5 -500 0.9985 1.5
Su2 2 4 5 6-etrachloro-m—xylene Su-2 1000 13.095 2077 209 244 1.1 -500 0.9990 1.1
(245 6- )
Su3  simeconazole ( ) Su3 1000 22.270 121" 195 211 2.5 -1000 0.999%4 2.5
Su4  cyflufenamid ( ) Su4 1000 46.692 91" 188 247 3.6 -500 0.9978 3.6
Su-5  acrinathrin ( ) Su-5 2000 57.700 181" 208 289 5.5 -2000 0.9988 5.5
3 omethoate ( ) op 2000 12.422 110 150" 213 5.4 -1000 0.9998 5.4
6  monocrotophos ( ) oP 5000 14.906 127 192 223 7.7 -2500 0.9965 7.7
7  phorate ( ) opP 1000 15.099 121 231 260" 1.6 =500 0.9998 1.6
9  dimethoate ( ) op 1000 16.088 87 93 125° 2.3 -500 0.9937 2.3
12 terbufos ( ) op 1000 17.662 153 231" 288 0.8 -500 0.9984 0.8
13 cyanophos ( ) op 1000 17.761 109 125 243" 1.1 -500 0.9993 1.1
15 disulfoton ( ) (0)% 1000 18.687 88" 186 274 1.1 -500 0.9985 1.1
16  diazinon ( ) op 1000 18.693 179 276 304" 2.5-500 0.9990 2.6
19  iprobenfos ( ) opP 1000 19.891 204" 288 246 1.8 -500 0.9990 1.9
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Table 1 (Continued)
Conc. / g/ Selected ion Linear range / IDL/
No. " Compound Class ( /L) i (m/2) ( we/1) 2 ( we/1)

22 parathion_methyl ( opP 1000 21.802 109 125 263" 1.2 -500 0.9963 1.3
23 chlorpyrifos-methyl ( op 1000 21.909 125 286" 288 1.6 —500 0.9978 1.6
28  fenitrothion ( ) op 1000 24.676 125 277" 260 2.1-500 0.9942 2.1
31  malathion ( ) op 1000 26.428 127 158 173" 1.6 —500 0.9973 1.7
32 fenthion ( ) op 1000 26.799 169 245 278" 0.8 -500 0.9954 0.9
34 chlorpyrifos ( ) opP 1000 27.078 314" 258 197 2.0 -500 0.9997 2.1
35  parathion ( ) op 1000 27.128 137 263 291° 2.4 -500 0.9964 2.5
38  isocarbophos ( ) op 1000 27.926 110 121 136" 3.4 -500 0.9988 3.5
39  isofenphos-methyl ( op 5000 30.993 199" 231 241 0.9 -2500 0.9989 1.0
41  quinalphos ( ) op 1000 32.584 146" 157 298 0.9 -500 0.9995 1.0
46  methidathion ( ) op 1000 34.117 125 1457 302 1.2 -500 0.9984 1.3
54 profenofos ( ) op 5000 39.708 208 339" 374 3.9 -2500 0.9986 4.0
67  ethion ( ) op 1000 48.854 153 231" 384 1.9 -500 0.9975 1.9
68  triazophos ( ) op 2000 50.063 161" 257 313 3.1 -1000 0.9965 3.1
74 EPN ( ) op 2000 53.707 169" 185 323 2.6 -500 0.9948 2.6
8 «aBHC (a- ) ocl 1000 15.206 181 183 219" 1.0 -500 0.9985 1.0
10 B-BHC (B- ) ocl 1000 16.892 11 181 219° 1.1-500 0.999%4 1.1
11 yBHC (y- ) 0Cl 1000 17.107 111 183 219" 1.2 -500 0.9967 1.2
17  8BHC (65— ) 0oCl 1000 18. 808 181 183 219" 1.1-500 0.9971 1.1
25 heptachlor ( ) ocl 1000 22.017 272" 337 372 1.0 -500 0.9983 1.0
29  aldrin ( ) 0Cl 1000 25.145 263" 293 329 3.2 -500 0.9986 3.2
33 dicofol ( ) 0Cl 2000 26.955 111 139" 251 1.5 -1000 0.9986 1.5
48 endosulfan (a— ) 0oCl 5000 34.523 2417 277 339 1.5 -2500 0.9979 1.5
53 dieldrin ( ) ocl 1000 38.569 79" 263 277 1.7 -500 0.9993 1.7
57 p p'-dde (p p-dde) 0ocl 1000 40.099 246 316 318" 0.9 -500 0.9988 0.9
58  endrin ( ) 0Cl 5000 41.795 245 263" 281 1.0 -2500 0.9998 1.0
62  endosulfan (B- ) ocl 5000 43.791 2417 277 339 4.8 -2500 0.9961 4.8
66 p p”DDD (p p-DDD) ocl 1000 47.429 165 235" 237 0.8 -500 0.9989 0.8
70 p p”DDT (p p-DDT) 0Cl 1000 50.809 165 235" 237 0.9 -500 0.9973 1.0
77 tetradifon ( ) ocl 1000 54.776 159" 229 356 1.0 -500 0.9971 1.0
5 trifluralin ( ) AA 1000 14. 800 264 306" 335 1.0 -500 0.9996 1.0
40  pendimethalin ( AA 1000 30.993 191 252° 281 2.0 -1000 0.9978 2.0
27  metalaxyl ( ) AA 2000 23.262 160 206" 249 1.2 -500 0.9996 1.2
21 acetochlor ( ) AA 1000 21.780 162 174 223" 1.0 -500 0.9967 1.0
26  alachlor ( ) AA 1000 22.642 188" 237 269 1.5 -500 0.9983 1.5
30  metolachlor ( AA 1000 26.247 162 211 238" 1.0 -500 0.9996 1.0
50  butachlor ( ) AA 1000 37.580 176% 237 311 1.5 -500 0.9990 1.5
44 hexythiazox ( ) AA 1000 33.360 156 184 227" 2.8 -2000 0.9987 2.8
85  flumioxazin ( AA 1000 62.650 354 287" 259 2.6 -2000 0.9940 2.6
24 vinclozolin ( ) AA 1000 21.966 198 212 285" 1.4 -500 0.9993 1.4
43 procymidone ( ) AA 2000 33.337 255 283" 285 2.3 -1000 0.9987 2.3
72 iprodione ( ) AA 5000 53.530 187 245 314" 5.2 -2500 0.9936 5.2
37 triadimefon ( ) AZ 1000 27.498 181 208" 293 3.3 - 1000 0.9968 3.3
42 triadimenol ( ) AZ 2000 32.721 112" 128 168 1.4 -1000 0.9997 1.4
47  wiflumizole ( ) AZ 2000 34.421 206" 278 345 2.6 -1000 0.9984 2.6
49  paclobutrazol ( ) AZ 2000 34.879 125 167 236" 1.0 -500 0.9976 1.0
51 tricyclazole ( ) AZ 1000 37.971 135 162 189" 2.7 -1000 0.9956 2.7
52 hexaconazole ( ) AZ 2000 38.095 214" 231 256 2.9 -1000 0.9993 2.9
56  uniconazole ( ) AZ 2000 39. 864 70 234" 236 2.3 -500 0.9975 2.3
59  myclobutanil ( ) AZ 1000 42.094 179" 245 288 2.6 -500 0.9987 2.6
61  flusilazole ( ) AZ 1000 42.937 206 233" 315 1.6 - 1000 0.9992 1.7
69  propiconazole ( ) AZ 2000 50.932 173 259" 261 4.5 -500 0.9984 4.5
71  tebuconazole ( ) AZ 1000 51.716 163 250" 307 6.2 —2500 0.9979 6.2
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Table 1 (Continued)
. Conc. / g/ Selected ion Linear range / IDL/
No. " Compound Class ( /L) in (m/2) ( pe/l) r ( pe/l)

86  difenoconazole ( ) AZ 5000 63.543 265 323" 325 2.7 -500 0.9986 2.7
1 carbofuran ( ) C 1000 7.539 131 149 164" 1.0 -500 0.9955 1.0
isoprocarb ( ) C 1000 11.224 91 1217 136 1.0 -500 0.9997 1.0
fenobucarb ( ) C 1000 12.835 121" 150 207 1.0 -500 0.9997 1.0

20  pirimicarb ( ) C 1000 20.493 72 166" 238 1.9 -1000 0.9991 1.9
36  diethofencarb ( ) C 2000 27.292 196 225 267" 1.2 -2000 0.9933 1.2
75 bifenthrin ( ) p 1000 54.259 181° 165 166 3.7 -500 0.9971 3.7
76 fenpropathrin ( ) p 1000 54.420  181° 265 349 4.6 -500 0.9922 4.6
78  cyhalothrin ( ) P 2000 56.978 181" 197 208 3.6 - 1000 0.9989 3.6
80  permethrin ( ) P 2000 58.856 127 163 183" 6.6 - 1000 0.9943 6.6
81  cyfluthrin ( ) p 10000 60.030 163" 206 226 8.0 -5000 0.9940 8.0
82  cypermethrin ( ) P 5000 60. 685 163" 165 181 8.2 -2500 0.9987 8.2
83  etofenprox ( ) P 2000 61.289 135 163" 376 4.2 -1000 0.9986 4.2
84  fenvalerate ( ) P 5000 62.568 167 225 419 5.7 -2500 0.9971 5.7
87  deltamethrin ( ) P 10000 64.204 1817 208 253 5.6 —5000 0.9971 5.6
55  isoprothiolane ( ) M 1000 39.804 204 231 290" 1.3 -500 0.9987 1.3
63 kresoxim-methyl ( ) M 2000 44.997 131 206" 313 2.9 -1000 0.9988 2.9
73 bromopropylate ( ) M 1000 53.623 104 185 341° 1.0 -500 0.9990 1.0
60  buprofezin ( ) M 1000 42.511 105 172" 305 4.8 -500 0.9958 4.8
14 pyrimethanil ( ) M 2000 18.207 118 198" 199 1.0 -1000 0.9988 1.0
45 fipronil ( ) M 10000 33.658 213 367" 369 0.9 -5000 0.9990 0.9
64 chlorfenapyr ( ) M 1000 46.608 59" 247 408 3.9 -500 0.9990 3.9
65  fluazifopp-butyl ) M 1000 47.259 254 282° 383  2.4-500 0.9980 2.4
79  pyridaben ( ) M 1000 58.647 147" 309 364 1.3 -500 0.9989 1.3
18  chlorothalonil ( ) M 1000 19.104 264 266" 268 4.1-500 0.9973 4.1

1) the peak number of the target in Fig. 1; * Quantitative ion; Su: surrogate; Conc.: mass concentration in mixed standard; IDL: instrumental
detection limit. OP: organophosphorus pesticides; OCI: organochlorine pesticides; AA: amide and aniline pesticides; AZ: azole pesticides; C: car—

bamate; P: pyrethroid; M: miscellaneous pesticides.
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Table 2 Recoveries and method detection limits (MDLSs) of target pesticides spiked in river water and seawater samples

Recovery/% (n=4)

Pesticide River water Seawater MD/L{/

5 ng/L 20 ng/L 5 ng/L 20 ng/L (ng/L)
Omethoate ( ) - - - -
Monocrotophos ( ) 74.4 £3.0 74.5 £6.2 82.5+6.7 88.4+6.2 6.1
Phorate ( ) 70.5+1.4 77.4 £2.4 73.8+1.5 77.8 £3.7 1.2
Dimethoate ( ) 118.8 =11.1 140.2 +10.4 117.2 £13. 1 136.0£9.3 1.9
Terbufos ( ) 91.4 +1.7 82.7+2.7 84.1+1.6 91.4 +3.7 0.6
Cyanophos ( ) 83.0+2.8 73.2+2.2 76.1+2.3 80.3 £3.1 0.8
Disulfoton ( ) 77.3 0.7 82.7+0.3 73.8+3.2 74.6 £3.3 0.9
Diazinon ( ) 104.1 £8.2 88.4 4.5 103.3 £5.9 85.4+3.6 2.0
Iprobenfos ( ) 70.5 +11.5 84.4+7.1 70.5 +8.3 67.2+7.9 1.5
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Table 2 (Continued)

Recovery/% (n=4)

Pesticide River water Seawater MDL/
(ng/L)
5 ng/L 20 ng/L 5 ng/L 20 ng/L

Parathion_methyl ( ) 88.8 £10.0 118.5 +6.3 87.3+9.7 84.9 £9.7 1.0
Chlorpyrifos-methyl( ) 92.5+0.1 86.3+£3.4 85.8 £0.7 95.6 4.1 1.3
Fenitrothion ( ) 80.1+2.8 79.3 +4.0 69.1+3.8 67.2+5.7 1.7
Malathion ( ) 92.0+11.1 103.9 +7.2 104.8 =10 105.5 1.5 1.3
Fenthion ( ) 95.8+1.1 97.9 1.2 100.4 £0.8 94.7+1.9 0.7
Chlorpyrifos ( ) 90.7 £0.6 93.8 £3.6 88.7+2.6 99.0+6.3 1.6
Parathion ( ) 92.9+2.2 92.0+3.3 91.5+2.3 98.2+5.6 2.0
Isocarbophos ( ) 66.5 +10.2 88.0+11.5 120.8 +13.5 118.4 +£3.3 2.8
Isofenphos-methyl( ) 80.8 4.3 82.4+7.0 77.2 £3.0 61.5+10.0 0.8
Quinalphos ( ) 84.2+3.8 84.9+2.6 83.4+3.2 78.3 +£3.6 0.8
Methidathion ( ) 120.5 +4.4 119.8 +5.1 120.7 4.8 129.9 +4.2 1.0
Profenofos ( ) 111.2 2.2 107.5 2.5 111.9 4.7 112.8 £3.2 3.2
Ethion ( ) 95.3+8.0 120.3 £4.2 108.5 £5.8 103.2 +£3.9 1.5
Triazophos ( ) 100.4 +9.3 108.9 +7.9 116.7 +11.3 120.0 +5.4 2.5
EPN ( ) 85.9+4.4 87.4 2.1 84.7+3.4 84.0+1.8 2.0
a-BHC ( ) 65.2+5.4 52.2+4.6 57.8 +4.0 46.3 £5.7 0.8
B-BHC ( B- ) 65.2+5.4 52.2+4.6 57.8 £4.0 46.3 £5.7 0.9
y-BHC ( ) 65.2+5.4 52.2+4.6 57.8 £4.0 46.3 £5.7 1.0
§-BHC (6- ) 84.5+13.6 57.2+9.8 56.8 £10.8 50.7 3.7 0.9
Heptachlor ( ) 115.7 1.1 106.4 £2.4 113.4 £4.6 101.6 +6.7 0.8
Aldrin ( ) 51.1+2.2 51.3+1.1 54.4 +3.5 50.1+2.7 2.6
Dicofol ( ) 102.4 +1.3 93.6 4.1 88.4+2.3 84.6 +4.2 1.2
Endosulfan (a— ) 95.3+1.2 87.2+1.5 86.9+1.0 84.8 2.0 1.2
Dieldrin ( ) 72.1+9.3 36.4 +11.1 47.2£6.7 41.5+5.3 1.4
p p”-DDE (p p”-DDE) 81.4+3.4 81.6+2.4 70.0 4.4 74.9 £4.5 0.7
Endrin ( ) 89.3+1.9 86.5+1.5 76.4 3.7 88.6 +4.7 0.8
Endosulfan (8- ) 90.5+7.2 96.3 +3.5 87.3+5.1 91.6 £3.1 3.8

p p~-DDD (p p-DDD) 80.3 +3.1 80.0 1.5 70.6 £3.5 77.9 £3.5 0.6
p p”DDT (p p~DDT) 72.5+1.6 70.3 £3.2 58.8 4.6 77.5 7.5 0.8
Tetradifon ( ) 95.9+9.7 105.2 +5.4 96.8 £6.9 102.1 +£2.7 0.8
Trifluralin ( ) 54.9 £5.4 55.1+£3.9 49.9 +4.4 46.1 £5.1 0.8
Pendimethalin( ) 73.7+0.3 62.4+1.4 56.6 5.0 61.2+4.2 1.6
Metalaxyl ( ) 100.6 +4.7 101.7 2.8 87.1+£5.5 95.4 +£5.5 1.0
Acetochlor ( ) 74.5 +£6.9 80.8 3.4 76.8 £5.2 76.1+2.2 0.8
Alachlor ( ) 74.6 £5.0 77.8 £4.0 76.1+4.1 82.7+2.3 1.2
Metolachlor ( ) 89.4+2.4 87.6 3.0 94.3 +5.9 93.8 £4.0 0.8
Butachlor ( ) 94.4 +11.8 107.3 6.6 113.5+12.6 103.4 +6.0 1.2
Hexythiazox ( ) 109.5 7.2 114.0 +4.8 93.0+8.3 115.6 £9.9 2.2
Flumioxazin ( ) 88.2+0.3 82.1+0.2 86.5+3.2 82.4+£3.3 2.0
Vinclozolin ( ) 82.6x1.3 79.5 2.4 80.8 £2.4 72.5 £4.7 1.1
Procymidone ( ) 87.9£5.2 90.5+2.9 87.1x4.0 84.4 £3.0 1.9
Iprodione ( ) 97.0 5.9 81.3+3.6 85.9+4.3 90.9 +4.2 4.2
Triadimefon ( ) 96.5 1.7 91.3+1.6 94.4+2.4 89.3+3.6 2.7
Triadimenol ( ) 101.6 +6.6 103.6 +3.5 100.2 +4.7 100.2 +3.2 1.1
Triflumizole ( ) 78.1+9.1 85.7+4.6 82.4+6.7 82.9+2.6 2.0
Paclobutrazol ( ) 101.9 £5.8 102.5 2.9 101.7 4.4 100.8 £2.5 0.8
Tricyclazole ( ) 108.1 +0.2 99.6 0.5 106.6 £3.5 104.4 £3.2 2.2
Hexaconazole ( ) 97.3+7.6 101.1 £4.2 98.2£5.6 95.8 +4.0 2.3
Uniconazole ( ) 100.5 7.0 103.1 +3.6 101.7 5.3 99.8 +£3.3 1.9
Myclobutanil ( ) 103.5 £5.0 102.9£2.8 101.6 £3.7 100.2 +2.9 2.1
Flusilazole ( ) 97.9 +4.0 96.1+2.6 98.3 +3.8 92.8 +4.0 1.3
Propiconazole ( ) 100.1 7.9 104.1 +4.2 107.6 +7.4 99.2 +5.4 3.6
Tebuconazole ( ) 101.5 +5.1 101.1 +£3.0 100.0 +3.8 97.5+3.4 5.0
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Table 2 (Continued)

Recovery/% (n=4)

.. X MDL/
Pesticide River water Seawater
(ng/L)
5 ng/L 20 ng/L 5 ng/L 20 ng/L
Difenoconazole ( ) 94.0+9.8 101.4 £6.9 89.3+7.5 86.1+8.7 2.1
Carbofuran ( ) 80.7+7.6 87.6+3.7 71.7 £6.8 82.6+6.3 0.8
Isoprocarb ( ) 78.5£6.7 84.2+£5.2 71.4£5.6 69.1+7.0 0.8
Fenobucarb ( ) 88.8+1.9 86.0+1.0 90.7 £4.4 85.3+3.8 0.8
Pirimicarb ( ) 91.1 1.0 83.7+4.9 77.6 £2.6 97.4£8.0 1.5
Diethofencarb ( ) 98.8 £3.5 98.0+2.7 98.1+3.7 101.1+1.3 0.9
Bifenthrin ( ) 78.4+1.4 72.5%1.2 75.5£2.2 70.2 £3.0 2.9
Fenpropathrin ( ) 106.6 +4.2 93.3+2.9 91.9+6.1 104.8 £6.1 3.7
Cyhalothrin ( ) 92.0+4.8 99.5£2.5 90.1 3.4 92.8£2.2 2.9
Permethrin ( ) 126.2 4.1 130.9 +3.4 99.1+8.4 116.2 +8.3 4.0
Cyfluthrin ( ) 102.2 +£5.0 108.8 £2.4 97.6 £3.5 103.0 £2.2 6.4
Cypermethrin ( ) 106.3 +0.8 100.5 £2.4 97.0+0.6 93.1+3.1 6.6
Etofenprox ( ) 97.3+0.7 95.4+0.6 91.6 0.8 96.5+0.4 3.4
Fenvalerate ( ) 95.0£4.6 81.1+2.8 74.6 £4.3 91.0 £4.1 4.5
Deltamethrin ( ) 83.1+4.7 69.3+2.3 73.3£3.4 75.6 £2.6 4.4
Isoprothiolane ( ) 97.9£3.1 96.6 £2.8 97.6 £3.7 101.5 2.0 1.1
Kresoxim-methyl ( ) 105.9 £6.2 109.0 4.1 107.3 £5.3 110.4 0.4 2.3
Bromopropylate ( ) 81.1+11.9 111.1+11.7 87.4+15.6 100.7 £9.5 0.8
Buprofezin ( ) 68.8 £8.6 78.2£5.1 71.1 6.1 76.9 £2.4 3.8
Pyrimethanil ( ) 75.2£1.9 73.4£3.9 60.4 +£5.3 82.3+8.9 0.8
Fipronil ( ) 109.3 0.2 102.0 +0.2 104.2 2.3 103.2 +£2.2 0.7
Chlorfenapyr ( ) 86.2+11.4 99.0+6.5 90.1+8.2 96.1+2.9 3.1
Fluazifop-p-butyl ( ) 88.3+4.1 89.2+3.9 67.3+9.2 76.3 £9.1 1.9
Pyridaben ( ) 70.6 £4.4 73.1+2.8 68.2 3.1 66.2 3.1 4.1
Chlorothalonil ( ) 126.2 £3.1 113.1+2.6 99.0£7.5 110.0 £5.3 3.2
2.5 2
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