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Extraction and Detection of Pyrethroids Pesticides in Fish Using
Acetonitrile-Salt-H,O System Coupled with Gas Chromatography
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(School of Chemical and Biological Science and Engineering, Yantai University, Yantai 264005)

Abstract Based on the acetonitrile-salt-H,O aquatic two phase system, an effective sample pretreatment
method was developed for the analysis of pyrethroids pesticides residues in fish by gas chromatography
(GC). The fluorescence quenching method and GC were applied to study the form of pyrethroids pesticides
in protein matrix of aquatic products. The influence factors on formation of acetonitrile-salt-H,O system
were discussed in depth. Meanwhile, the influence of the protein on extraction of pyrethroids pesticides from
fish was detailedly investigated. The results showed that pyrethroids strongly bound with BSA by the hy-
drophobic interaction. In the @(acetonitrile) 80%, a slow but full protein denaturation takes place, which
causes the unfolding of protein and the release of pyrethroids. Then the drug residues was extracted into up-
per phase with high extraction efficiencies. Furthermore, the polarity of p(acetonitrile) 80% is greater than ¢
(acetonitrile) 100%, the fat-soluble impurities are extracted less in ¢(acetonitrile) 80% aqueous solution than
that of in g(acetonitrile) 100%. Therefore the purification steps were greatly simplified. The anhydrous
magnesium sulfate (MgSO,) and primary secondary amine (PSA) were added in upper phase to eliminate the
moisture and other impurities. Then, the pyrethroids pesticides in extract (upper phase) was directly analyzed
by GC. This method has been applied to the determination of pyrethroids pesticides residues in fish. The de-
tection limits were in the range of 8~14 ng/mL, and the spiked recovery of fish were 81.1%~96.4%.
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Table 1 The binding constants Kp and thermodynamic parameters of BSA-pyrethroid pesticides procedures

Pesticides T/IK Kg/(Lemol™") AH" /(kJsmol ™" AG" /(kJTemol ™" AS”/(Jomol 'K )

Cetamethrin 298 242X 101 —3.26 —25.01 25.77
310 230X 10 —3.26 —25.88 25.77
_ 298 156X 10* —2.09 —23.92 73.26
Fenpropathrin 310 1.51x10* —2.09 —24.80 73.26
298 1.63x10* —8.83 —24.03 51.01
Cyhalothrin 310 1.42%10* —8.83 —24.03 51.01
_ 298 2.18%10* —10.85 —24.75 46.64
Cypermethrin 310 1.84%10* —10.85 —24.75 46.64
Femalorate 298 2.00% 101 —28.56 —24.54 13.49
310 128X 10 —28.56 —24.37 13.49
Deliamethrin 298 LlleOj 15.76 —23.08 130.3
310 1.42X10 15.76 —24.64 130.3
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Figure 1 Phase diagrams of acetonitrile-K,HPO,-water systems
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Table 2 The effect of protein and fish oil on the extraction efficiency of pyrethroids pesticides

Extraction efficiency of water as the

Extraction efficiency of BSA as the Extraction efficiency of fish oil as the

Pesticides matrix/% matrix/% matrix/%
Acetonitrile Ethyl acetate Acetonitrile Ethyl acetate Acetonitrile Ethyl acetate
Tetramethrin 89.69 73.73 80.01 68.48 86.90 88.77
Fenpropathrin  101.66 67.60 85.02 59.50 84.57 85.82
Cyhalothrin 96.52 79.31 88.97 65.56 88.59 90.23
Cypermethrin =~ 94.31 80.16 87.34 67.19 90.14 93.11
Fenvalerate 95.74 92.14 89.16 64.12 103.23 80.07
Deltamethrin ~ 93.89 85.03 80.23 60.25 84.96 100.97
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Figure 2 Effect of different percentage of acetonitrile on the
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extraction efficiency of pyrethroids pesticides
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PeapUA. I WAL M ¥ P 0 5D AR, 47 T A U 154
R 3 ANEGA T LA S5 PR A HE Y 50
Table 3  Effect of different cleanser on the extraction efficiency of pyrethroids pesticides
Extraction efficiency/%
Sorbent
Tetramethrin Fenpropathrin Cyhalothrin Cypermethrin Fenvalerate Deltamethrin

PSA 85.91 85.50 86.56 97.62 95.95 98.83

PAX 74.19 78.02 78.98 90.96 88.59 92.08

GDX 67.12 73.17 74.07 70.90 71.40 68.74

PSA+GDX 70.69 77.56 78.52 73.12 70.40 61.87

PSA+PAX 77.33 83.59 84.62 80.83 84.91 81.83

GDX+PAX 65.48 77.62 78.58 78.71 76.09 69.56
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9.0 10.0 11.0 12.0 13.0 14.0 15.0

B3 A kRS IR S R bR SRS P, B3 B (1R =9.592 min). FRFSNE(5R=9.931 min). HIRLFZHNE(,x=11.581 min).
A F SR (R =12.190 min). FURAIEE(Gr=14.211 min)FIIRF 4§ HE(r=15.153 min)

Figure 3 The typical chromatogram of fish sample spiked with tetramethrin (retention 9.592 min), fenpropathrin (retention 9.931 min),
cyhalothrin (retention 11.581 min), cypermethrin (retention 12.190 min), fenvalerate (retention 14.211 min) and deltamethrin (retention
15.153 min) at 0.1 pg/g

R4 AP PR JUE I I INAR R S5 (n=3)
Table 4 Results for the determination of pyrethroids pesticides in spiked fish (n=3)

Pesticides Detection limit/(ugemL ™) Spiked/(ugsmL™")  Found/(ugemL™") Recovery/% RSD/%
0.1 0.091 91.5 2.31
Tetramethrin 0.014 0.2 0.175 87.9 2.58
0.5 0.463 92.7 222
0.1 0.087 87.3 2.57
Fenpropathrin 0.012 0.2 0.164 82.3 3.98
0.5 0.450 90.0 2.44
0.1 0.090 90.3 2.12
Cyhalothrin 0.009 0.2 0.179 89.5 1.27
0.5 0.482 96.4 1.84
0.1 0.093 93.1 2.29
Cypermethrin 0.008 0.2 0.169 84.5 1.95
0.5 0.464 92.8 2.01
0.1 0.083 83.7 2.65
Fenvalerate 0.011 0.2 0.166 83.1 1.21
0.5 0.421 84.2 3.01
0.1 0.081 81.1 2.87
Deltamethrin 0.009 0.2 0.170 85.0 3.02
0.5 0.437 87.4 1.35
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