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Abstract 

 This research developed sample preparation techniques for efficient analyses of 

contaminants and residues in foods. This extended research started three years ago from 

modified QuEChERS methods for pesticide residues in rice grains and grain products. This 

unique QuEChERS procedure covers high water solubility herbicides that are very difficult to 

detect. Sample analysis was performed on low-pressure gas chromatography-tandem mass 

spectrometry (LP-GC/MS-MS) that quantifies 150 pesticides in different agricultural matrices. 

The analysis time was reduced 4-fold, from 30 mins by GC/MS-MS to 6.5 min. The method 

was fully validated and was found to be reliable (average recoveries 70-120%, reproducibility 

< 20% RSD) with good sensitivity (LOD <5 ng/g) and offers high sample throughput which 

makes it suitable for routine analysis. 

 Simple and sensitive method for multiresidue analysis of 24 common veterinary 

drugs from 8 classes (3 aminoglycosides, 3 -lactams, 2 lincosamides, 4 macrolides, 4 

quinolones, 4 sulfonamides, 3 tetracyclines, and amprolium) in chicken muscle was also 

developed. The method employed simple liquid-liquid extraction step followed by analysis by 

liquid chromatography–tandem mass spectrometric using hydrophilic interaction liquid 

chromatography (HILIC). The method proved to be very efficient with 0.1-10 g kg-1 limits of 

detection, recoveries ranged between 53–99% at 0.5-MRL, MRL, and 1.5-MRL spiking 

levels, satisfactory precision (RSD 15%) were also observed. The method was successfully 

tested on real samples (chicken muscle, shrimp, and egg) and is suitable for routine 

monitoring purposes. 

 Alternative extraction method, a carrier-mediated hollow-fiber liquid-phase 

microextraction (HF-LPME), was evaluated on antibiotic residues in water matrix. Eleventh 

common antibiotics were selected and the HF-LPME procedure was optimized in water using 

small and inexpensive disposable hollow fiber membrane. The proposed HF-LPME 

procedure was much superior to traditional extraction technique and provided up to 156 

times enrichment. The detection limits ranged from 10-250 ngL-1 with relative recovery 

between 79-118% 
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Executive Summary 

 This research aims to develop sample preparation techniques for efficient 

analyses of contaminants and residues in foods and is divided into three parts: 

Part 1: Sample preparation techniques for pesticides in food and agricultural products which 

are divided into 3 projects:  

1.1) The determination of the herbicide residues in rice by modified QuEChERS 

extraction and liquid chromatography-tandem mass spectrometry. 

1.2) Extension of the QuEChERS method for pesticide residues in cereals to flaxseeds, 

peanuts and doughs. 

1.3) Fast, low-pressure gas chromatography-tandem mass spectrometry for analysis of 

150 pesticide residues in fruits and vegetables 

 

Part 2: Micro-scale membrane extraction of glyphosate and aminomethylphosphonic acid in 

water followed by high-performance liquid chromatography and post-column derivatization 

with fluorescence detector. 

Part 3:  Determination of antibiotic residue in foods which divided into 2 parts: 

3.1) Efficient hydrophillic interaction liquid chromatography-tandem mass spectrometry for 

multiclass analysis of veterinary drugs in chicken muscle. 

3.2)  Simulteneous determination of multiclass antibiotic residues in water using carrier-

mediated hollow-fiber liquid phase microextraction coupled with ultra-high 

performance liquid chromatography tandem mass spectrometry. 

In Part 1, a new method for the analysis of 13 phenoxy acid herbicides in rice was 

successfully developed, based on dispersive SPE (QuEChERS) extraction followed by ultra-

performance liquid chromatography-tandem mass spectrometry. The extension of the method 

was further and evaluated for determination of pesticide residues in flaxseeds, doughs, and 

peanuts. This method gave efficient separation of pesticides from fat and removal of 

coextracted substances better than gel permeation chromatography or use of a freeze-out 



xx 
 

step, which involved excessive use of organic solvent and/or lengthy. A new detection 

method of low-pressure gas chromatography-tandem mass spectrometry (LP-GC/MS-MS) 

was also developed and evaluated for the identification and quantification of 150 pesticides 

in various fruits and vegetables. The analysis time was reduced 4-fold, from 30 mins by 

GC/MS-MS to 6.5 min. The method was fully validated and was found to be reliable 

(average recoveries 70-120%, reproducibility < 20% RSD) with good sensitivity (LOD <5 

ng/g) and offers high sample throughput which makes it suitable for routine analysis. 

 In Part 2, a carrier-mediated supported liquid membrane micro-extraction using 

single hollow fiber membrane suitable for the determination of the herbicide glyphosate and 

its main metabolite aminomethylphosphonic acid in water was developed. The method 

detection limits are 0.22 g/L for glyphosate and 3.40 g/L for aminomethylphosphonic 

acid. The procedure was validated and showed good accuracy and precision over a large 

linear dynamic range.  

 In Part 3, we demonstrated the used of simple and sensitive method for 

multiresidue analysis of 24 common veterinary drugs from 8 classes (3 aminoglycosides, 3 

-lactams, 2 lincosamides, 4 macrolides, 4 quinolones, 4 sulfonamides, 3 tetracyclines, and 

amprolium) in chicken muscle. The method employed simple liquid-liquid extraction step 

followed by analysis by liquid chromatography–tandem mass spectrometric using hydrophilic 

interaction liquid chromatography (HILIC). The method proved to be very efficient with 0.1-10 

g kg-1 limits of detection, recoveries ranged between 53–99% at 0.5-MRL, MRL, and 1.5-

MRL spiking levels, satisfactory precision (RSD 15%) were also observed. The method 

was successfully tested on real samples (chicken muscle, shrimp, and egg).  

 Also, an alternative extraction method, a carrier-mediated hollow-fiber liquid-

phase microextraction (HF-LPME), was evaluated on antibiotic residues in water matrix. 

Eleventh common antibiotics were selected and the HF-LPME procedure was optimized in 

water using small and inexpensive disposable hollow fiber membrane. The proposed HF-

LPME procedure was much superior to traditional extraction technique and provided up to 

156 times enrichment. The detection limits ranged from 10-250 ngL-1 with relative recovery 

between 79-118% 

 New analytical method development research for the analysis of food contaminants is 

important for proficient monitoring of foods and agricultural products to ensure maximum 
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food safety for local consumption and export. Currently, foods can be tainted by obscured 

contaminants that cause serious health effect in human.  The situation forces control 

authorities around the world to strictly set stringent safety limits of these compounds in foods 

and agricultural products.  It is very important that Thailand stays in the forefront of this 

research to gain confidence from our trade partners and be able to maintain our national 

mission to be the Kitchen of the World.  Our research in developing efficient and economical 

analytical methods for the monitoring of food contaminants and residuals support of this 

national mission.  
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 2.2.1   Phenoxy acids  13   

 

  2.2.1.3   

:     Micromass Quattro PremierTM XE benchtop tandem quadrupole mass 

spectrometer   

: electrospray ionization (ESI)  
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: Acquity Ultra Performance LC (UPLC) System (Waters) 

: Acquity BEH C18 (2.1mm 100mm, 1.7_m) column (Waters). 

: (A)  0.1% (v/v) formic acid  water  (B) 0.1% (v/v) formic acid  

methanol  

: 0.200  

: 0.0  10% B, 5.0 min 90% B, 8.0 min 90% B  8.1 min/10% B

 10.0 min/10% B   

: 10.0  

   9  

 

:  

: cone gas               30    

 desolvation gas     997    

: capillary voltage    0.80    

 negative and positive ionization modes  1.20  

 extractor voltage    3.00   

: source temperature   120   

Mode:   multiple reactions monitoring mode (MRM)  

 2.2.1.4   

  QuEChERS  

 1 :   10  

 15  

 2:  5.0    10.0  

   1  

 3:   anhydrous MgSO4   4   1 

   1  

 4:  3800 rpm  1  

 PSA  0.25   anhydrous MgSO4  

1.50   1   1  

 5:  5.00  

 40  
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  1   0.20  

 UPLC-MS/MS 

   

 1-5 

  2.2.1.5     

 0.01  

 

  3 

 

 2.2.2   

  2.2.2.1   UPLC-ESI-MS/MS  13 

 2.1   

 (false positive) 

 SANCO/2007/3131 [23] 

  2.2.2.2    

 

 2.2.2 

 QuEChERS   

   

-   

-  

  

  (pKa<4) 

[9, 12]   
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 2.2.2   

 
 

 
Sample preparation 

 
Matrix 

 
Analysis/detection LOD (μ.g kg 1 ) 

 
Recovery (%)

 
Refs. 

LLE Water GC–MS 0.01–0.06 NR [1] 

Subcritical water 
extraction Soil HPLC/DAD NR 94–113 [5] 

SPE Water HPLC/UV–vis 2.0–3.0 >95 [10] 

SPE-solid phase 
derivatisation Water GC–ECD NR 75–137 [7] 

SPE Water GC–MS NR 80–120 [25] 

SPE Water LC–APCI–MS/MS 0.01–0.07 NR [9] 

SPE Water HPLC/UV–vis and GC–MS 0.05 >80 [2] 

SPE Water LC–MS/MS 0.001–0.075 91–98 [11] 

SPE Water MECC–CE/UV–vis 2.0–5.0 NR [12] 

SPE Soil HPLC/UV–vis and GC-MS NR 82–90 [2] 

SPE Apple juice Capillary-LC/UV–vis 5.0–18.0 84–99 [13] 

SBSE Water GC–MS 0.001–0.8 70–130 [16] 

SPME Water GC–MS NR 87–112 [19] 

SFE Food  crops MEKC-CE/UV–vis 0.6 pg 95–99 [18] 

SLM Ground water HPLC/PDA 0.3–0.6 80–126 [17] 

D-LLLME Water HPLC/UV–vis 0.1–0.4 94–112 [6] 

MIP Water HPLC/UV–vis and CZE-CE NR 87.0–103.5 [14] 

QuEChERS Barley LC–ESI–MS/MS 0.2–2.0 60–70% [21] 

QuEChERS Fruit and 
vegetable 

LC–TOF/MS and LC–ESI–
MS/MS 15.0 and 5.0 NR [20] 

Modi ed  QuEChERS Rice UPLC–ESI–MS/MS 0.5–5.0 45–104 This work 

NR refers to not reported.     

  

 2.2.2 

   3 

 magnesium sulfate  sodium chloride  magnesium sulfate  

sodium chloride  (tri-Na + di-Na) 

 . .2007  (pH 5-5.5)  

 4  13   MCPA  
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 2.2.2    

 13  

 45   7  13   3-18 

 2  clopyralid  picloram   2.2.3 

 

(Dispersive-SPE clean up) 

  

   

 

   2.2.4 
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 2.2.3  3 

 (  3 ) 

 C18 

  C18 0.25    0.10  

 1.50   13   71.5-97.9 % 

 

 13   0.05  

 2.2.4  2.2.5   

 (Method performance) 

 

 

 4   0.005, 0.01, 0.02  0.05 

   10    
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 2.2.4  

 

2.2.3  
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 2.2.5    Multiple-reaction monitoring, MRM  UPLC-ESI-

MS/MS  13  

 0.05   

 2.2.3   

   

13   QuEChERS  10   

 5  10 

 5  

 4.0   1.0  1.0  tri-Na  0.5  di-Na citrate 

  1.5 

 0.25  C18  0.10   1  

 5.00  

 40  

 1.0   0.20  UPLC-MS/MS 

 9   2.2.6 
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 2.2.3     

 13  

Mean recoverya (%)                                 LOD (mg kg 1 ) 
Compound 

Retention 
time 
(min) 0.005 mg kg 1 0.01 mg kg 1   0.02 mg kg 1 0.05 mg kg-1 This method Ref[25]. 

MRL 
(mg kg-1) 

[xx] 

Clopyralid 3.45 94 ± 9.5 77 ± 2.0 68 ± 0.6 66 ± 1.2 0.005 – NC 

Picloram 4.27 53 ± 3.8 57 ± 1.5 54 ± 0.6 57 ± 0.6 0.005 – NC 

Quinclorac 6.93 104 ± 11.8 87 ± 7.8 70 ± 0.6 66 ± 1.2 0.005 – NC 

Dicamba 7.06 85 ± 5.6 92 ± 9.0 85 ± 1.5 89 ± 2.5 0.001 0.0012 NC 

2,4-D 7.97 94 ± 5.5 94 ± 3.6 97 ± 4.0 84 ± 0.6 0.0005 0.0002 0.050 

MCPA 8.01 67 ± 12.7 45 ± 3.2 70 ± 1.0 68 ± 5.3 0.005 0.0009 0.050 

Triclopyr 8.29 85 ± 11.1 80 ± 1.5 81 ± 5.0 78 ± 4.4 0.003 – NC 

MCPP 8.41 61 ± 4.2 45 ± 2.0 53 ± 4.7 68 ± 9.2 0.005 0.0020 NC 

2,4,5-T 8.45 78 ± 7.8 66 ± 4.9 81 ± 7.5 76 ± 2.5 0.001 – 0.050 

Fluroxypyr 8.49 85 ± 5.3 84 ± 13.0 83 ± 3.1 74 ± 0.6 0.001 – 0.050 

2,4-DB 8.58 76 ± 13.3 59 ± 2.1 86 ± 5.1 72 ± 2.0 0.001 – 0.050 

MCPB 8.62 95 ± 8.2 93 ± 2.6 95 ± 4.0 74 ± 0.6 0.003 – 0.050 

Aci uorfen 8.62 90 ± 1.0 91 ± 3.5 92 ± 4.2 79 ± 0.6 0.0005 – NC 
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 2.2.6 

 

 2.2.4  

[1] M.I. Catalina, J. Dalluge, R.J.J. Vreuls, U.A.T. Brinkman, J. Chromatogr. A 877 (2000) 

153. 

[2] C.W. Thorstensen, O. Lode, A.L. Christiansen, J. Agric. Food Chem. 48 (2000) 5829. 

[3] S. Roy, S.B. Singh, J. Chromatogr. A 1065 (2005) 199. 

[4] M.J. Santos-Delgado, E. Crespo-Corral, L.M. Polo-Diez,Talanta 53 (2000) 367. 

[5] J.L. Luque-Garcia, M.D. Luque de Castro, J. Chromatogr.A 959(2002) 25. 

[6] J. Wu, K.H. Ee, H.K. Lee, J. Chromatogr. A 1082 (2005) 121. 

[7] L.Z. Yu, M.J.M. Wells, J. Chromatogr. A 1143 (2007) 16. 

[8] C.W. Thorstensen, A. Christiansen, J. Agric. Food Chem. 49 (2001) 4199. 

[9] R.B. Geerdink, A. Kooistra-Sijpersma, J. Tiesnitsch, P.G.M.Kienhuis, U.A.T. Brinkman, 

J. Chromatogr. A 863 (1999) 147. 

[10] M. Biesaga, A. Jankowska, K. Pyrzyn ska, Microchim. Acta 150 (2005) 317. 
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2.3    1.2:  QuEChERS 

   (flaxseeds) 

 (doughts) 

  flaxseeds 

   -linoleic acid (  omega-

3)      antioxidant  

  

   [1,2] 

  flaxseeds   

   

 

 

 

 

  flaxseeds  

 

    2.3.1 

  USDA 

(United State Department of Agricultural) [3] 

  

 

 

 
 

  [4],  gel permeation 

chromatography (GPC) [5]   [6-8] 
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 Solid-phase extraction (SPE) 

[9], microwave assisted extraction (MAE) [10], matrix solid-phase dispersion (MSPD) [11, 12] 

 SPE  carbon nanotubes  

[13]  

 

 2.3.1    *   

 Flax seeds Peanuts, raw 
Biscuit 

dough 

Cinnamon 

roll dough 

Pie 

crust 

Water (%) 7.0 ± 1.6, n=3 6.50 ± 0.09, n=31 33.5 28 19.2 

Lipids (%) 42.2 ± 3.2, n=6 49.2 ± 0.3, n=98 13.8 11.4 25.5 

Carbohydrates (%) 28.9 16.1 41.4 52.3 51.1 

Protein (%) 18.3 ± 0.9, n=7 25.8 ± 0.2, n=78 6.9 4.5 3.0 

*USDA Food Composition Database (4) - www.nal.usda.gov/fnic/foodcomp/search/ 

  QuEChERS 

 

 2.2 

  flaxseeds   

   

QuEChERS  

(>20%)  (GC)  

(Time-of-flight, TOF)   

 GC  

 

 

 2.3.1   

  2.3.1.1   
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  34  

atrazine, azoxystrobin, bromopropylate, carbaryl, cis-chlordane, chlorothalonil, chlorpyrifos, 

chlorpyrifos-methyl, coumaphos, cypermethrin, deltamethrin,  p,p’-DDE,  o,p’-DDT, diazinon, 

dichlorvos, dimethoate, endosulfan sulfate, ethoprophos, fenthion, folpet, heptachlor, 

hexachlorobenzene, lindane, malathion, metolachlor, mirex, oxyfluorfen, permethrin, 

pirimiphos-methyl, procymidone, quintozene, tolylfluanid, trifluralin,   vinclozolin 

 Dr. Ehrenstorfer GmbH (Augsburg, Germany)  US Environmental 

Protection Agency’s National Pesticide Repository (Fort Meade, MD; USA) 

>95%.   

  2,000 

     

   (working standard solution) 

 40  

 (internal standard,IS)  

diazinon (quality control, QC)  

procymidone  40  

  

  flaxseeds  (brown and golden 

varieties) ,  (ground peanut with shell),  (dough)  

 pie crust, Buttermilk Grand biscuits,  Flaky Supreme cinnamon rolls  

General Mills (Golden Valley, MN; USA) 

  

(analytical grade)  J.T. Baker (Phillipsburg, NJ; USA) 

  anhydrous magnesium sulfate (anh. MgSO4)  150 mg anh.MgSO4, 150 

mg primary-secondary amine (PSA), and 50 mg octadecylsilane (C-18) 

 2   UCT, Inc. (Bristol, PA; USA) 

  ACS  Mallinckrodt (Paris, KY; USA). 

 2.3.1.2   

Gel-permeation chromatography, GPC  

 GPC: J2 Scientific (Accuprep MPS, Columbia, MO; USA)  

:  Biobeads S-X3 (2.5 cm i.d.  22.5 cm) 
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: 1:1 (v:v) EtOAc:cyclohexane 

:    5 mL/min 

: 5 mL 

: UV  

  flaxseed 

 34   2   2  

 10 mL EtOAc:cyclohexane  1:1  (equivalent 

to 25 mg injected flaxseed oil)  GPC

 10-16   

 40   Zymark Turbovap evaporator 

(Hopkinton, MA;USA)  

 GC-TOF  

  Gas chromatography – time-of-flight mass spectrometry, GC-TOF 

: Agilent Technologies (Palo Alto, CA; USA)  Model 6890 gas 

chromatograph  Leco (St. Joseph, MI; USA) Pegasus 4D 

TOF mass spectrometer 

: Rtx-5MS with Integra-Guard (20 m  0.25 mm i.d.  0.25 m film 

thickness)  Rtx-CPL Pesticides II (1.5 m  0.10 mm 

 0.10 m thickness)  Restek (Bellefonte, PA; USA) 

 (  

 5.34 m  0.18 mm i.d.) 

  Mastovska et al.[16]  

:  

: 1.5 mL/min 

: 2  

: pulsed splitless  75 psig  1  

:  250 C 

:   60 C 2   20 C/   

180 C 5 C/  230 C  

20 C/   280 C 40 C/   300 C 

 12  

:      ~25   
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 transfer line:  280 C 

 ion source:  250 C 

: -70 eV 

:  m/z 70-600 

: 1800 V 

:  10 spectra  

:    Leco ChromaTOF software 

: NIST mass spectral library  Agilent’s pesticide and  

    endocrine disruptor database 

   (tR)  GC-TOF 

 2.3.2   

 

 large volume injection (LVI) 

  Atas-GL International (Veldhoven, The Netherlands) Optic 3 

programmable temperature vaporizer  10   

 LVI 

: 75°C  18   8°C  280°C 

: splitless  2  

: 250°C 

 split:  50   

 2.3.1.3   

   QuEChERS 

Mastovska, et al.[16]  

 50   

2.5  5   

 1   10 

  10   automatic 

vortexer  1   4 

 anh. MgSO4  1 NaCl   1  
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  3,000 rcf  3  

 1  2 

 150 mg anh. MgSO4, 150 mg PSA,  50 mg C-18  30  

 3,000 rcf  3   200  

 2.3.2     

 flaxseeds   10 L  PTV 

Optic-3 injection. 

Pesticide tR (s) Quant. ion (m/z) Other Ions (m/z) 
Linearitya (linear 

regression) 

Dichlorvos 457.61 109 185, 220 0.998 

Ethoprophos 646.04 158 139, 200 0.999 

Triflulalin 666.83 264 306, 335 0.999 

Hexachlorobenzene 709.46 284 214, 249 0.998 

Dimethoate 715.72 125 229 0.998 

Atrazine 722.85 200 215 0.999 

Lindane 744.88 181 111, 219 0.995 

Quintozene 750.95 237 249, 295 0.999 

Diazinon (IS) 756.41 137 179, 304 - 

Chlorothalonil 787.81 266 229 0.992 

Vinclozolin 835.47 285 212, 198 0.995 

Chlorpyrifos-methyl 837.17 125 286 0.994 

Carbaryl 848.36 144 115 - 

Heptachlor 852.16 272 237, 372 0.997 

Pirimiphos-methyl 881.00 290 276, 305 0.997 

Malathion 897.08 173 125, 158 0.999 

Metolachlor 910.81 162 238 0.998 

Fenthion 914.87 278 125, 169 0.999 

Chlorpyrifos 916.74 197 258, 314 0.999 

Tolylfluanid 987.26 137 238, 346 - 

Folpet 1009.74 260 147, 297 - 

Procymidone (QC) 1010.74 283 255 - 

cis-Chlordane 1051.29 373 237, 410 0.996 

p,p’-DDE 1088.37 246 176, 318 0.994 

Oxyfluorfen 1103.97 252 302, 361 0.995 

o,p’-DDT 1157.74 235 165, 354 0.999 

Endosulfan sulfate 1197.51 272 387, 422 0.996 

Bromopropylate 1245.82 341 155, 183 0.999 

Mirex 1283.91 272 237, 332 0.999 
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Permethrin 1315.95 183 163 0.987 

Coumaphos 1331.57 226 210, 362 0.986 

Cypermethrin 1358.48 163 181, 209 0.997 

Deltamethrin 1454.51 253 172, 181 0.998 

Azoxystrobin 1480.67 344 388, 403 0.998 

  20  

 GC-TOF 

 2.3.2     

   2.3.2.1   

 GPC 

  GC 

  

   2.3.1 

 flaxseeds  peanuts  40% 

  GPC 

  GPC 

 

  GPC 

 

  2.3.1  flaxseeds 1  

  GC-TOF 

    (cod liver 

oil, whale blubber, lard) 

  

 trifluralin 

 <13   

flaxseeds   2.3.3 

  GPC 

  

 

  GC 

 GPC 
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  QuEChERS 

 [16]  GPC 
 

 

 

 

 

 
 
 

 2.3.1:     flaxseed  GPC  

 1   GPC  1 

 
 

 

 2.3.3      GPC 

 34   1:1 EtOAc : cyclohexane  5 

mL/min  5  
 

Elution time 

(min) 
Pesticides 

11 Trifluralin 

12  
atrazine, cypermethrin, deltamethrin, diazinon, endosulfan sulfate, malathion, 

oxyfluorfen, permethrin, procymidone, tolylfluanid, vinclozolin 

13  
carbaryl, cis-chlordane, chlorpyrifos, chlorpyrifos-methyl, coumaphos, p,p’-DDE, 

o,p’-DDT, dichlorvos, dimethoate, ethoprophos, heptachlor, lindane, metolachlor, 



RMU5180009                                                               27                                                   31  2554 

 

pirimiphos-methyl 

14  chlorothalonil, fenthion, folpet, mirex, quintozene 

15 Hexachlorobenzene 

 
 

  

  QuEChERS 

  

  

 LC  GC 

 2  flaxseeds  

 10   vortex  10  

 3  1:1 EtOAc:cyclohexane (GPC mobile phase), EtOAc MeCN 

  18.9%  

17.9%  1:1 EtOAc:cyclohexane  EtOAc   

acetonitrile  4.3%    GPC    

 10-20   3.5-4.7%  

QuEChERS   QuEChERS  

  (  <25%) 

 Mastovska 

et al.[16]  2.5  5   10 

 10   

  

 2.5  5  

  4  anh. MgSO4 and 1  NaCl 
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Effect of Freezing Out Lipids from Initial QuEChERS 
Flaxseed Extracts at -20 deg C

0.0%

0.4%

0.8%

1.2%

1.6%

2.0%

2.4%

0 0.5 1 2 4 16

Freeze-Out Time (hr)

C
o-

Ex
tr

ac
tiv

es
 b

y 
W

ei
gh

t

 

 

 GC 

  

 

 

 

 
 

 

 

 

 2.3.2    QuEChERS flaxseed  

(  cleanup  d-SPE)  -20 C 

 

 

 

 

 

 

 

 

Effect of Freezing Out Lipids from QuEChERS Flaxseed 
Extracts

0.0%

0.5%

1.0%

1.5%

2.0%

2.5%

22 4 -10 -20 -85 (-45)
"Freeze-Out" Temperature (deg C)

C
o-

Ex
tra

ct
iv

es
 b

y 
W

ei
gh

t Before d-SPE
After d-SPE
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 2.3.3     QuEChERS flaxseed 

 2  (  -85 C   -45 C  

) 

 

 [6-8]  

    

 

  QuEChERS  

flaxseeds  2.5   10  10  

 4  anh. MgSO4  1 NaCl 

 4% ( )  1.9% 

 2.3.2   1.2% 

 -20 C  1   

  2.3.3   -20  

C   -85 C  

 

  

   

 GC-TOF 

 

150 mg anh. MgSO4, 150 mg PSA,  50 mg C-18  1 

   

  0.25%  

 

 

  

 PSA 

 

  25  150  

[14]  [16]  C-18 
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 [12]  

QuEChERS   C18 

  C18  

QuEChERS  7.5  graphitized carbon black (GCB) 

[18]   

 hexachlorobenzene ( ) 

 30  

 GCB 

  flaxseed  QuEChERS 

 GPC  

  flaxseed 

 

 GPC  

 2.3.2.2   

  GPC 

 QuEChERS   [16] 

 

 

  

 (linearlity) 

 (matrix effect)  (recoveries)  (detectability) 

 (precision)   

 2.3.2.2.1   

 

  0.25  1.5 

 6   flaxseed   flaxseed   

 (butter biscuit dough)  (cinnamon roll dough) 

 (pie crust dough) 

 diazinon (IS)  
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 0.999  

  

  [22, 24] 

 

  

 

  

 

  -1  306% 

   

   2.3.4 

 

  

 pressure-pulsed splitless injection (PSI)  large volume injection (LVI) 

 

 [22-24] 

 

   cinnamon roll 

   (pie crust dough)  

 

 

  

 2.3.2.2.2   ( ) 
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 1  1   2.3.5 

  

   

 70-120%  <20%  

 (quintozene, chlorpyrifos, cis-chlordane, hexachlorbenzene, 

heptachlor, p,p’-DDE, o,p’-DDT,  mirex)  flaxseed  

 <70%   40% 

 

 

  

 LC-MS/MS  carbaryl, dimethoate,  azoxystrobin 

  folpet, chlorothalonil,  tolylfluanid 

  

  deltametrin 

 [25]  

 2.3.4:  GC-TOF 

 pressure-pulsed splitless injection (PSI)  2 

  0.5  1 

  large volume injection (LVI)  10 

  0.25  1  

  “0” 

<20%, “+”= 20-50%, “++” = 50-100%  “+++” >100% 
 

Biscuit Cinnamon Roll Pie Crust 
Pesticide PSI LVI PSI LVI PSI LVI 

Dichlorvos ++ +++ +++ +++ + 0 
Triflulalin 0 + ++ ++ + + 
Hexachlorobenzene 0 + + ++ 0 + 
Atrazine 0 +++ ++ +++ 0 + 
Lindane 0 ++ ++ ++ + 0 
Vinclozolin + 0 ++ +++ 0 + 
Chlorpyrifos methyl + + +++ ++ + 0 
Pirimiphos-methyl 0 + ++ ++ + 0 
Malathion ++ ++ +++ +++ ++ + 
Metolachlor + + ++ ++ 0 0 
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Fenthion 0 + ++ ++ 0 0 
Chlorpyrifos 0 + ++ ++ 0 0 
cis-Chlordane 0 0 + + 0 0 
p,p’-DDE 0 + + ++ 0 0 
o,p’-DDT 0 + ++ ++ 0 0 
Endosulfan sulfate + + + ++ 0 0 
Bromopropylate ++ ++ +++ +++ ++ + 
Mirex 0 0 ++ ++ 0 0 
Permethrin ++ + +++ +++ + 0 

    

  

  flaxseed  

(  2.3.1)  >26%  

 2.3.4  20 

 flaxseed  3   6   

  

  GPC 

 

  

 

 0.25  

 3  hexachlorobenzene  

chlorpyrifos  0.009  0.013    2.5   

10  flaxseed  

  5  

 

   2.3.5 

  cinnamon roll  flaxseed 

  1200 s 

 

 2.3.2.2.3   

 

 flaxseed  General Mills 
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  180  

 UPLC-MS/MS 

 cereal grains [16]   

(Limit of detection, LOD)  flaxseed    

  d5-atrazine  

 [16]  3  
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 2.3.4:     6  

 20   

  flaxseed 

 3   

 

  2  

 0.06  0.40  

  2.3.6 

 32  GC-TOF  

 General Mills  USDA 

 ( 30-50% )  GC-TOF  0.01 

 

 UPLC-MS/MS  

 folpet, tolylfluanid, pyrethroids   chlorothalonil  folpet 

 phthalimide  folpet  

QuEChERS of Milled Flaxseeds
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 2.3.6    (%recoveries) (%RSDs) 

(LODs)  General Mills 

 32   d5-atrazine (IS)  flaxseed 

 3   2  (nd =not detectable) 

 

0.40 g/g 0.12 g/g 0.06 g/g 

Pesticide Mean RSD Mean RSD Mean RSD 

LOD ( g/g, 

extracted) 

Dichlorvosa 82 1 109 3 64 18 0.01 

Ethoprophos 94 5 107 6 95 4 0.005 

Triflulalin 74 8 58 8 47 26 0.005 

Hexachlorobenzene 34 9 32 8 25 21 0.005 

Dimethoatea 106 2 132 15 nd  0.06 

Atrazinea 96 3 109 3 102 0 0.005 

Lindane 65 16 58 2 70 23 0.03 

Quintozene        

Chlorothalonil nd  nd  nd   

Vinclozolin 80 8 80 5 76 4 0.005 

Chlorpyrifos-methyl 71 13 65 11 56 1 0.005 

Carbaryla 111 13 111 23 nd  0.04 

Heptachlor 48 5 54 4 53 2 0.005 

Pirimiphos-methyla 76 10 69 4 69 7 0.005 

Malathiona 96 3 82 0 82 2 0.01 

Metolachlora 92 7 92 0 95 1 0.005 

Fenthion 82 11 72 1 66 7 0.005 

Chlorpyrifosa 61 3 54 11 55 4 0.01 

Tolylfluanida nd  nd  nd   

Folpetb nd  nd  nd   

cis-Chlordane 54 8 55 17 49 4 0.01 

p,p’-DDE 52 15 43 22 52 12 0.005 

Oxyfluorfen 71 10 56 7 42 21 0.01 

o,p’-DDT 47 10 37 45 22 31 0.01 

Endosulfan sulfate 65 24 nd  nd   

Bromopropylate 61 2 54 10 57 3 0.005 

Mirex 41 10 35 35 24 10 0.005 

Permethrina 97 11 119 7 nd  0.1c 

Coumaphosa 79 31 nd  nd   

Cypermethrin 52 13 nd  nd   

Deltamethrina nd  nd  nd   

Azoxystrobina 93 5 120 5 100 8 5 

 
aAnalyte is UPLC-MS/MS amenable. 
bPhthalimide is the primary degradation product of folpet, and was qualitatively identified at all levels. 
cLOD based on trans isomer only.  cis isomer was not resolved due to matrix interference. 
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 2.3.3   

  QuEChERS 

   GPC 

  

    

 2.3.4   
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2.4    1.3:  150 

 QuEChERS 

  

   

 

 MRL “Maximum residue limits”  [1-2] 

  

  

   

  

  

   

 QuEChERS (quick, easy, cheap, effective, rugged and safe) [3-16] 

   [4] 

 (AOAC Official 

method 2007.01) [5,6]  (CEN Standard method EN 15662) [7,8] 

 QuEChERS 

 

 QuEChERS 

 (dispersive solid-phase extraction, d-SPE)   

(disposable pipette extraction, DPX) [17, 18]  

  QuEChER  (MeCN) 

 10-15   

(anhydrous magnesium sulphate, anh MgSO4)  

 

  ,  

(primary secondary amine, PSA)  C-18,  (graphitized carbon 

black, GCB)   QuEChERS 

   

  

   150 



RMU5180009                                                               43                                                   31  2554 

 

 MgSO4 + 50  PSA + 50  C18 + 7.5  GCB 

 [9] 

   Ultra-high performance liquid chromatography-tandem 

mass spectrometry (UHPLC-MS/MS) 

 LC  

UHPLC-MS/MS  

QuEChERS   100  

 10  [19-21]   QuEChERS 

 LC (liquid chromatography)  GC (gas chromatography) 

 GC 

 GC  LC  LC 

 UHPLC-MS/MS  10  

 GC  GC-MS   25-

45   

  GC-MS 

 [22]  GC-MS  super molecular beam 

 90    [23, 24] 

  low 

pressure-GC-MS  Rapid-MS , sub-ambient  vacuum outlet GC-MS  

   

  

 GC   [22, 25-33]   

 

 

  LP-GC/MS  (3m x 0.15 

mm i.d.  0.1 m x 0.1 mm i.d.)  

 (10m x 0.53 

mm i.d. x 1 m film thickness)  

  

  GC-MC  LC-GC/MS 

  

 [26, 27] 
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  LP-GC/MS  

[25-33]  

 

   UHPLC  GC  

LC   UHPLC  

 GC  UHPLC  

  

 LP-GC/TOFMS 

 GC 150  2   32 

 9  

 QuEChERS   d-SPE  DPX 

 150  MgSO4 + 50  PSA + 50  

C18 + 75  GCB   

 

 [35] 

 2.4.1   

  2.4.1.1   

     150   2.4.1 

  95% (  > 99%)  Environmental 

Protection Agency’s National Pesticide Respository (Fort Meade, MD, USA), Dr. Ehrenstorfer 

GmbH (Augsburgm, Germany)   Chemservice (West Chester, P.S., USA) 

 (Isotopically-labeled internal standards, IS)  

atrazine-d5 (ethyl-d5)  fenthion-d6 (o,o-dimethyl-d6)  C/D/N Isotopes 

(Pointe-Claire, Quebec; Canada) 

      Triphenylphosphate (TPP), 

Acetonitrile (MeCN)  ethyl acetate (EtOAc)  HPLC-grade  J.T. Baker 

(Phillipsburg, NJ; USA), toluene  Sigma-Aldrich (St. Louis, MO; USA)  Glacial acetic 

acid (HOAc)  J.T. Baker

 (tomato)  (strawberry)  (potato) (orange) 

 mixed lettuces  
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 2.4.1  LP-GC/TOFMS retention times (tR), MS ions (m/z), average regression values 

in matrix and matrix effects (%ME) (typical n = 20), and average overall 

%recoveries and %RSD (typical n = 270), for the pesticide analytes.  Average 

R2< 0.990, average %ME > ±20, recovery <70%, and RSD > 20% are noted 

in bold text. 

Pesticide tR (s) 

Quant. 

Ion Qual. Ions 

Avg 

R2 

Avg ± SD 

%ME 

Overall 

%Rec. 

Overall 

%RSD 

mevinphos 134.0 127 192, 224 0.984 -30 ± 34 106 17 

propham 138.0 179 119, 137 0.991 -10 ± 24 101 17 

methacrifos 142.6 208 180, 240 0.998 -11 ± 28 102 10 

phthalimide 144.5 147 104 0.973 125 ± 145 89 26 

o-phenylphenol 147.9 170 115, 141 0.999 -1 ± 16 97 9 

heptenophos 153.4 250 124, 126 0.998 -3 ± 36 104 9 

tecnazene 157.6 261 203, 259 0.999 7 ± 16 91 9 

propoxur 158.6 110 152 0.997 7 ± 25 105 9 

propachlor 159.0 176 120, 211 0.998 -7 ± 28 103 9 

demeton-S-methyl 161.4 142 109, 142 0.999 1 ± 25 102 12 

diphenylamine 161.4 169 168 0.994 1 ± 14 92 14 

ethoprophos 162.0 242 158, 200 0.995 0 ± 19 101 10 

ethalfluralin 162.3 333 276, 316 0.998 -3 ± 13 100 11 

trifluralin 164.0 306 264, 335 0.999 -2 ± 13 99 6 

chlorpropham 164.9 213 171, 215 0.993 24 ± 19 100 9 

dicrotophos 168.4 127 193, 237 0.995 -7 ± 20 93 11 

cadusafos 168.9 159 213, 270 0.999 -3 ± 14 98 7 

phorate 170.3 260 121, 231 0.999 0 ± 12 100 8 

-BHC 173.0 219 217, 181 0.998 2 ± 18 99 9 

hexachlorobenzene 174.3 284 249, 286 0.983 -2 ± 11 54 21 

pentachloroanisole 175.3 265 267, 280 0.997 3 ± 12 81 10 

ethoxyquin 176.0 202 174, 217 0.993 2 ± 20 64 61 

carbofuran 177.6 164 131, 149 0.998 17 ± 44 109 12 

dicloran 178.1 176 178, 206 0.970 27 ± 33 88 13 

simazine 178.4 186 173, 201 0.998 -4 ± 22 95 7 

atrazine-d5 (IS) 178.8 220 222, 205 n/a n/a n/a n/a 

atrazine 179.0 200 202, 215 0.997 -7 ± 16 100 8 

terbuthylazine 179.4 214 216, 229 0.954 -9 ± 25 96 9 

propazine 179.6 229 231, 187 0.999 -8 ± 17 101 7 

propetamphos 181.0 194 222, 236 0.988 4 ± 16 101 8 
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quintozene (PCNB) 181.6 295 249, 297 0.993 6 ± 14 82 11 

-BHCa 181.7 219 217, 181 0.974 -3 ± 15 103 11 

terbufos 181.9 231 153, 288 0.962 3 ± 16 100 8 

lindane ( -BHC)a 182.2 219 217, 181 0.974 -3 ± 15 103 11 

dimethoate 182.8 229 143, 229 nd nd nd nd 

diazinon 182.9 304 179, 276 0.989 3 ± 15 100 8 

cyanophos 183.2 243 109, 125 0.975 4 ± 21 105 9 

propyzamide 183.6 255 173, 257 0.995 8 ± 14 102 8 

fonofos 184.2 246 109, 137 0.990 1 ± 11 99 8 

pyrimethanil 185.7 198 199 0.997 7 ± 11 67 33 

disulfoton 189.0 274 153, 186 0.999 3 ± 13 98 9 

chlorothalonil 189.1 266 229, 268 0.971 -2 ± 29 78 72 

-BHC 191.6 219 217, 181 0.997 -16 ± 57 104 12 

dichlofenthion 195.4 279 251, 281 0.999 7 ± 13 96 8 

phosphamidon  196.7 127 138, 264 0.979 -3 ± 26 109 17 

chlorpyrifos-methyl 197.8 286 288, 321 0.997 5 ± 16 96 8 

vinclozolin 198.9 212 214, 285 0.999 10 ± 12 100 7 

alachlor 200.0 160 188, 237 0.994 -1 ± 16 101 9 

tolclofos-methyl 201.0 265 250, 267 0.977 0 ± 16 100 8 

metribuzin 201.4 198 144, 214 nd nd nd nd 

methyl parathion 201.5 125 109, 263 0.988 18 ± 13 102 10 

heptachlor 202.7 372 272, 274 0.998 1 ± 16 96 9 

fenchlorphos 203.3 285 167, 287 0.992 7 ± 16 94 8 

metalaxyl 203.6 206 220, 249 0.997 16 ± 20 100 12 

carbaryl 204.3 144 115 0.976 81 ± 61 104 11 

pirimiphos-methyl 205.3 290 276, 305 0.997 3 ± 17 98 7 

fenitrothion 207.4 277 247, 260 0.995 12 ± 29 102 9 

methiocarb 208.3 168 109, 153 0.993 51 ± 61 100 15 

malathion 208.9 173 127, 158 0.998 10 ± 27 102 7 

pentachlorothioanisole 210.2 296 263, 298 0.998 -2 ± 12 54 25 

chlorpyrifos 211.4 314 197, 316 0.998 -9 ± 18 92 9 

metolachlor 211.7 162 238, 240 0.994 -17 ± 23 101 10 

fenthion-d6 (IS) 212.2 284 115, 131 n/a n/a n/a n/a 

fenthion 212.8 278 153, 169 0.996 -11 ± 22 99 10 

demeton-S-methylsulfone 213.2 169 109, 142 0.986 -32 ± 25 98 16 

aldrin 213.5 263 265, 329 0.995 -17 ± 27 94 15 

parathion 214.1 291 155, 186 0.997 -6 ± 25 97 8 

triadimefon 215.1 208 181, 210 0.999 -1 ± 21 100 8 
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fensulfothion 215.4 292 156, 308 0.999 25 ± 25 104 11 

tetraconazole 216.2 336 171, 338 0.992 5 ± 16 101 8 

pirimiphos-ethyl 216.3 304 318, 333 0.993 -2 ± 17 97 7 

dichlorobenzophenone 216.6 250 139, 252 0.999 3 ± 16 89 11 

bromophos 217.9 331 329, 333 0.998 2 ± 19 91 10 

pendimethalin 221.3 281 169, 252 0.951 -4 ± 24 92 9 

cyprodinil 222.6 224 225 0.997 5 ± 14 59 43 

isofenphos 223.6 213 185, 255 0.983 -2 ± 18 102 9 

chlorfenvinphos 224.6 267 269, 323 0.998 6 ± 25 103 9 

heptachlor epoxide 225.2 353 355, 390 0.997 -5 ± 17 99 9 

penconazole 226.1 248 159, 250 0.997 -1 ± 29 97 9 

fipronil 227.9 367 351, 369 0.994 15 ± 29 105 10 

procymidone 228.3 283 255, 285 0.999 4 ± 17 101 7 

captan 229.4 151 149 nd nd nd nd 

bromophos-ethyl 230.2 359 303, 357 0.997 8 ± 16 85 13 

folpet 231.1 260 262, 297 nd nd nd nd 

o,p'-DDE 231.9 246 248, 318 0.978 6 ± 14 94 10 

trans-chlordane 232.5 373 375, 410 0.989 4 ± 16 95 9 

methidathion 233.2 145 125 0.999 23 ± 52 105 10 

tetrachlorvinphos 233.4 329 240, 331 0.997 27 ± 68 102 10 

chinomethionat 234.7 234 174, 206 0.996 4 ± 28 36 44 

cis-chlordane 235.6 373 375, 410 0.995 -11 ± 15 97 15 

-endosulfan  236.2 170 195, 339 0.994 -19 ± 19 102 21 

trans-nonachlor 237.5 409 407, 444 0.989 -12 ± 19 99 20 

disulfoton sulfone 237.9 213 125, 153 0.975 40 ± 39 106 12 

fenamiphos 239.4 288 217, 303 0.997 17 ± 30 98 9 

profenofos 240.9 374 337, 339 0.998 11 ± 44 99 16 

p,p'-DDE 241.1 246 248, 318 0.986 -11 ± 19 94 18 

oxyfluorfen 242.2 252 361, 363 0.998 3 ± 22 101 13 

buprofezin 242.9 305 172, 190 0.982 16 ± 17 99 13 

kresoxim-methyl 243.6 116 131, 206 0.993 -6 ± 22 106 20 

bupirimate 243.8 273 208, 316 0.992 1 ±  20 101 9 

dieldrin 244.1 263 265, 380 0.990 -4 ± 19 99 13 

o,p'-DDD 244.4 235 237, 320 0.969 -3 ± 20 98 13 

myclobutanil 245.9 179  0.992 14 ± 22 103 11 

endrin 250.1 317 319, 345 0.999 -5 ± 18 100 11 

ethion 252.2 384 153, 384 0.995 10 ± 20 102 8 

p,p'-DDDb 253.1 235 237, 320 0.957 8 ± 19 97 9 
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o,p'-DDTb 253.4 235 237, 354 0.957 8 ± 19 97 9 

-endosulfan 254.4 265 195, 339 0.994 3 ± 25 99 12 

cis-nonachlor 254.6 409 407, 444 0.994 2 ± 17 95 9 

fenthion sulfone 255.9 310 125, 136 0.999 33 ± 22 104 20 

sulprofos 256.8 322 156, 280 0.999 9 ± 13 95 8 

oxadixyl 258.3 163 132, 233 nd nd nd nd 

triazophos 258.5 257 161, 313 0.999 23 ± 35 101 11 

carfentrazone ethyl 258.9 330 333, 411 0.999 10 ± 20 102 9 

kepone (chlordecone) 259.7 272 274, 355 0.995 3 ± 114 nd nd 

carbophenothion 259.9 342 157, 344 0.999 12 ± 22 96 8 

famphur 261.1 218 125 0.996 13 ± 57 104 15 

propiconazole 261.7 259 173, 261 0.998 11 ± 15 96 10 

p,p'-DDT 262.6 235 237, 354 0.995 8 ± 23 94 19 

endosulfan sulfate 264.3 387 272, 389 0.997 -3 ± 40 105 13 

propargite 265.7 135 231, 350 0.997 3 ± 19 101 8 

piperonyl butoxide 266.3 176 149, 338 0.998 10 ± 12 96 9 

resmethrin 266.8 123 143, 171 0.994 6 ± 13 89 16 

TPP (QC) 268.0 326 215, 233 n/a n/a n/a n/a 

tebuconazole 268.8 250 163, 252 0.996 28 ± 21 96 14 

captafol 271.0 151  nd nd nd nd 

bifenthrin 272.4 181 165, 166 0.997 8 ± 13 91 9 

iprodione 274.0 314 186, 316 0.999 55 ± 51 99 24 

bromopropylate 275.0 341 183, 339 0.995 10 ± 13 99 9 

EPN 275.4 157 169, 323 0.999 13 ± 21 96 10 

fenpropathrin 275.9 265 181, 349 0.998 10 ± 14 99 9 

methoxychlor 276.2 227 - 0.993 -4 ± 17 103 16 

endrin ketone 276.9 317 315, 345 0.996 -4 ± 18 101 14 

phosmet 277.4 160 317 0.994 82 ± 127 99 24 

fenoxycarb 277.9 255 116, 186 0.995 20 ± 41 100 11 

tetradifon 283.3 356 354, 229 0.998 12 ± 14 95 9 

leptophos 284.6 377 171, 375 0.998 16 ± 23 65 32 

phosalone 285.8 367 182, 184 0.996 32 ± 46 96 14 

-cyhalothrin 286.7 181 197, 208 0.998 15 ± 19 101 10 

azinphos-methyl 288.0 160 132 nd nd nd nd 

mirex 291.7 272 274, 404 0.997 2 ± 15 80 16 

fenarimol 295.1 251 253, 330 0.995 19 ± 15 98 12 

azinphos-ethyl 296.7 132 160 0.992 32 ± 49 93 16 

cis-permethrin 301.3 183 163, 185 0.998 15 ± 12 91 10 

trans-permethrin 303.7 183 163, 185 0.998 17 ± 27 93 10 
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dioxathion 307.3 271 125, 153 0.995 46 ± 44 99 15 

coumaphos 307.4 362 226, 364 0.992 76 ± 95 74 37 

cyfluthrin 312 206 199, 227 0.994 25 ± 26 96 14 

cypermethrin 322 163 165, 181 0.994 33 ± 28 90 18 

flucythrinate 326 199 157, 207 0.992 19 ± 23 104 16 

fenvalerate 345.1 167 169, 419 0.989 30 ± 26 99 15 

fluvalinate 348.8 250 181, 252 0.982 24 ± 31 99 13 

esfenvalerate 351.5 167 169, 252 0.987 16 ± 23 96 12 

deltamethrin 371.3 253 181, 251 0.978 35 ± 43 91 13 

  2.4.1.2   

      

  4000  

   -18 C  

 150   0.1% HOAc  20 

  

 1.25   5 

 0.1% HOAc   20 

 TPP 2 

 0.1% HOAc  

     0.1, 0.25, 1, 4  10 

 150    2 

 0.1% HOAc 

 10, 25, 100, 400,  1000   

200   50 

  0.5 

  0.5  MeCN   

MeCN 

 [36] 

  2.4.1.3   

     2   

AOAC official method 2007.01  2  

 d-SPE  DPX  d-SP   DPX 
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 2  

  

         

 chopper  2  (Robotcoupe, Jackson, MS, USA) 

 

 

      

1.   15   50  

2.   300    150  

 vortex 1  

3.    15  MeCN ( )   15  1% 

HOAc  MeCN ( )     30 

 

4.   6  anh. MgSO4  1.5  

 ( )   6  anh. MgSO4  1.5  

anh NaOAc ( )  

5.    1   MgSO4  

6.    3000 rcf  2  

7.    MeCN  1   d-SPE 150 

 anh MgSO4, 50  PSA, 50  C18,  7.5  GCB  

8.  vortex  d-SPE  30    3000 rcf  2 

 

9.    0.5   

10.  50   50  

MeCN (  0.1% HOAc) 

 

    DPX  7  8   

(a)  DPX tip  5   150  anh MgSO4, 50 

 PSA, 50  C18  7.5  GCB  

(b)  MeCN 1   6  15 

  



RMU5180009                                                               51                                                   31  2554 

 

(c)  1   tip  2   tip 

 

(d)   9 

 10  

  2.4.1.4   LP-GC/TOFMS 

 GC  6890 (Palo Alto, CA, USA)  

Lego Pegasus 4D TOFMS (St. Joseph, MI, USA)  combi-PAL 

(Leap technologied, Carrboro, NC, USA)  Optic-3 programmable temperature 

vaporization (PTV) (Atas-GL International Veldhoven, The Netherland).  

 (Airgas; Radnor, PA; USA)  20 psi (138 kPa) 

   10 L   liners   sintered glass (Atas-

GL International part # A100133)   PTV  

 75 C  18  (  vent time 15 s)   split 50 mL/min  mode 

splitless  2 min  280 C  8 C/min 

 split flow  20 mL/min  250 C  

 Rti-5ms 10 m  0.53 mm i.d.  1 m film 

thickness  (restrictor) 

 3 m  0.15 mm i.d.(Restek)  

 column connector (Agilent part # 0101-0594) 

 3.13 m  0.15 mm i.d.  GC  90 C (1 )  

180 C  80 C/min  40 C/min  250 C 

 70 C/min  290 C   4 

  

 9.45  (  deltamethrin  6.18 ) 

 3  

 transfer line  

 280 C  250 C   -70 eV  

 1,800 V  filament  130  

 10    m/z 70-600 

 1 D [10]   Leco ChromaTOF software version 3.22  
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 NIST 2005,Agilent’s pesticide  endocrine disruptor 

   48   10 

   TOFMS  

  sintered glass liner 

 5   96   2  

   2.4.1.5  

 5  (     

)  3   25, 100  400  

 5  

  d-SPE  DPX  

  1  QuEChERS 

 d-SPE  DPX (

 3  5   30    2 

)  (matrix-matched calibration 

standards) 10    5   1  

 10    

      Atrazine-d5  

 

 (Matrix effect, ME)  

 

 

 2.4.2   

  2.4.2.1   LP-GC/TOFMS 

 150  

 GC 

 General Mill [10] 
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 150 

  <10   LP-GC/TOFMS 

  

 

 

 150   6.18  

 3.5   290ºC 

 

 

 QuEChERS 

 1  

 <25 ng/g  GC  

(Large-volume injection, LVI)  10 L  10  

 PTV (Programmed Temperature Vaporization)  liner  sintered 

glass wall-coated liner  

 AOAC International 

 QuEChERS    GC-MS 

(quadrupole)  selected ion monitoring (SIM) mode [5] 

 

 liner  wall-coated sintered glass liners  

 

  liner  LVI liner  

 Agilent FlowCalc software  Acetonitrile 10 L  PTV 

 280 C  20 psi  3.66  

  26   PTV  

 LP-GC  

Mastovska et al  GC-MS(SIM)  

quadrupole [26]  TOFMS  

120 psi   

quadrupole MS  

 GC-MS  
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 Agilent FlowCalc software 

  2.46  

 101 cm/s  10  0.53 mm id  1.15 

  73 cm/s  

 megabore  250 cm/s 

 350 cm/s  15   72-105 psi 

 

  LP-GC/MS  

 

  

 

 

 290ºC  90ºC  2.44  2.27   8  1 

 48  

 TOFMS  LP-

GC/MS  TOFMS  1. 

  2. 

 quadrupole 3. 

 4. 

 

 TOFMS  LP-GC 

 

 

  [22, 

37]  100 spectra/sec 

 

  10 

  10 spectra/s 

 <25ng/g 

 125 

 2.3.1 
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  [35] 

 153 

 (   2 )  

mevinphos  2.23   6.18  

 2.3.1 

  -BHC  -BHC (lindane)  o.p’-DDT  p,p’-

DDD  -BHC  -BHC  p,p’-DDT  o,p’-DDD 

  

   -BHC  -BHC 

   o,p’-DDT  p,p’-DDT 

 30  x 0.25 .

 40    10  

   

  2.4.2.2   

  32  

   

 

   

( )    

  

  

  (

)  

     QuEChERS 

  150  

 5         

 QuEChERS  2    2.3.1  

  R2
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 %ME± std. dev  %RSD  10 

  

 

 

   2.4.2.2.1   

 

2.3.1  20  

 2   5   10, 25, 100, 400  1000 

  d-SPE  DPX 

  

  (82  150 )  R2 values 0.995 

 110   R2 0.990  

    

   2.4.2.2.2   

 

 

 

 

   2.4.2 

  

 (98 )   10   

 43   10-25   

100-1,000 ng/g 

 

   2.4.2.2.3   ( ) 

 LP-

GC/TOFMS  QuEChERS  
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 5   25, 100, 400 

  2   Atrazine-d5  fenthion-d6  

 2   

 

   2.4.1 

 

 5   3   QuEChERS  4  

 9   70 

   0.75  GCB 

   

  2.4.1 

  80 (  120 

)  80-110% 

 70-120%  

126-136  150  (  84-91%)   

 20  QuEChERS  

113  (  75%)  70-120%  2.4.1 

  110% 

  

 89±16  106±19  

 

 2.4.2 (A) 

  0.063-0.213% 

 (80%   87-95% ) 

 (15%) [39]   pH 5.5-6.2 [40] 

 pH  4.8 [6] 

 pH  

 50 mg PSA  

 QuEChERS  PSA  

 (  Mastovska et al.  PSA 150 mg 
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 [10])    

acephate  

  

 

 

 2.4.2  (Lowest calibrated levels, 

LCLs)     

QuEChERS  (ND = not detected) 

 
LCL Pesticides 

10 ng/g in all 

matrices and 

versions 

alachlor, aldrin, -BHC, -BHC+lindane, -BHC, bifenthrin, bromophos, bromophos-ethyl, 

bromopropylate, bupirimate, buprofezin, cadusafos, carbophenothion, carfentrazone-ethyl, cis-

chlordane, trans-chlordane, chlorfenvinphos, chlorpropham, chlorpyrifos, chlorpyrifos-methyl, 

-cyhalothrin, o,p'-DDD, p,p'-DDD+o,p'-DDT, o,p'-DDE, p,p'-DDE, diazinon, dichlorfenthion, 

dichlorobenzophenone, dieldrin, diphenylamine, endosulfan sulphate, endrin, endrin ketone, 

EPN, esfenvalerate, ethafluralin, ethion, ethoprophos, famphur, fenarimol, fenchlorphos, 

fenitrothion, fenpropathrin, fenthion, fenvalerate, fipronil, flucythrinate, fluvalinate, fonofos, 

heptachlor, heptachlor-epoxide, hexachlorobenzene, isofenphos, leptophos, malathion, 

methacrifos, methoxychlor, metolachlor, mirex, myclobutanil, cis-nonachlor, trans-nonachlor, 

oxyfluorfen, parathion, penconazole, pendimethalin, pentachloroanisole, pentachlorothioanisole, 

cis-permethrin, trans-permethrin, o-phenylphenol, phorate, piperonyl butoxide, pirimiphos-ethyl, 

pirimiphos-methyl, procymidone, propachlor, propargite, propazine, propetamphos, 

propiconazole, propoxur, propyzamide, pyrimethanil, quintozene, resmethrin, sulprofos, 

tecnazene, terbufos, tetrachlorvinphos, tetraconazole, tetradifon, tolclofos-methyl, triadimifon, 

trifluralin, vinclozolin 

10-25 ng/g in 

all matrices 

and 

versions 

atrazine, azinphos-ethyl, carbofuran, cyanophos, cypermethrin, cyprodinil, p,p’-DDT, disulfoton, 

-endosulfan, -endosulfan, ethoxyquin, fenamiphos, fensulfothion, heptenophos, iprodione, 

kresoxim-methyl, metalaxyl, methidathion, phosalone, profenofos, tebuconazole, terbuthylazine, 

triazophos 

10-25 ng/g in 

some 

matrices and 

versions 

carbaryl, chinomethionat, chlorothalonil, chinomethionat, coumaphos, cyfluthrin, deltamethrin, 

demeton-S-methyl, demeton-S-methylsulfone, dicrotophos, dioxathion,disulfoton sulfone, 

fenthion sulfone, kepone, methiocarb, methyl parathion, mevinphos, phosmet, propham, 

simazine 

100-1,000 

ng/g in some 

matrices and 

versions 

carbaryl, chinomethionat, chlorothalonil, coumaphos, cyfluthrin, deltamethrin, demeton-S-

methyl, dicloran, dicrotophos, dimethoate, dioxathion, disulfoton sulfone,fenoxycarb, kepone, 

phosphamidon, cyfluthrin, fenoxycarb, 

methiocarb, methyl parathion, mevinphos, phosmet, propham, phthalimide, simazine 
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ND in some 

matrices and 

versions 

demeton-S-methyl, demeton-S-methylsulfone, dimethoate, fenthion sulfone, kepone, 

phosphamidon, phthalimide 

ND in all 

matrices and 

versions 

azinphos-methyl, captafol, captan, folpet, metribuzin, oxadixyl 
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  pymetrozine 

  pH  [6, 9] 

 
 (A) 
 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
(B)  
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 2.4.2    Total ion chromatogram  (A)   (B)   

 QuEChERS 

 d-SPE 

 11  150   8% (azinphos-methyl, captafol, captan, 

demeton-S-methyl, demeton-S-methylsulfone, dimethoate, fenthion sulfone, folpet, kepone, 

metribuzin,  and oxadixyl)   

 GC   

 

  LC-MS/MS  captan, captafol, folpet, 

kepone (chlordecone)  

 LC  atrazine, methiocarb, phosmet  GC 

 

 

 

 GC  reversed-phase LC-MS/MS  

[10]   LP-GC/TOFMS  cyfluthrin  deltamethrin 

 25 ng/g    cypermethrin, esfenvalerate, fenvalerate, 

flucythrinate, fluvalinate, permethrin,  resmethrin  

 74-120%   LP-GC/TOFMS 

    GC 

 30  

   2.4.2.2.4   

  d-SPE  DPX 

 

 [4, 9] 

 C18  GCB  PSA [4] 

 C18  

 GCB 

 sterols [7] 

 CEN Standard Method 15662  GCB 0, 2.5,  7.5 mg  mL 

 [7,8]   85-90%   GCB 

7.5 mg/mL  GCB 7.5 mg/mL 
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 2.4.3 
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 2.4.3.  

 QuEChERS  clean-up  (n=15 

 3 )  GCB 7.5 mg 

 4  

 >70%  <20% RSD  

 

Chlorothalonil 

 GCB    [6, 9] 

  pH 

   

  120%   

   

 

 2.4.2.2.5   

  2.4.1  2.4.1 

  84-91%  <10% RSD (

)    1-5% RSD  10-20% 

 RSD  (  6% )  

 

 

 

2.4.2.3   (d-SPE) 

  DPX  

 d-SPE  DPX 

 

   matrix-

matched calibration standards   DPX 

 d-SPE 

  

 DPX  
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  DPX  DPX  2 m  

  d-SPE 

 

 DPX   d-SPE  

 0.5  

 DPX 

 DPX  d-SPE (>5 min  DPX <3 min  

d-SPE)  

 DPX 

  DPX   20  

  

 d-SPE  DPX  3  (  d-SPE  

$1.20  DPX  $4)  d-SPE  DPX  SPE 

 50%    

2.4.2.4   

 QuEChERS 

 

 

 

 200   GC/TOFMS 

 liner  restriction capillary  5 .  

 96  (  2 )  (automated MS tuning) 

  

 25%  >430   9  

   

  

  LP-GC/TOFMS  GC-MS  30 m  

25 mm i.d  25 m film  LP-GC/TOFMS 

 

2.4.2.5   
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 <0.2% [4, 6, 9]  <20  10 

 1  

 liner  sequence  

 liner  

 

 

 [41, 42]  

 Matrix-matched standards 

 

 GC-MS   2.4.1   2.4.4 

 (%ME) 

 matrix-matched calibrations 20   10  

 QuEChERS   LP-

GC/TOFMS  GC-MS  

(Large Volumn Injection, LVI)   liner  wall-

coated sintered glass liners 

 LC-MS/MS  

  90-120  % 

ME  ±20%  matrix match standard  
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 2.4.4  

 150   QuEChERS   

 

 

 2.4.3   

  

QuEChERS  LP-GC/TOFMS  

  GC-MS 

   150  

 UHPLC-MS/MS 

  36   

(  9 )  

 d-SPE  DPX 

 MgSO4, PSA, C18,  GCB 

  d-SPE 

  pH 

 LC  [9]  

  

  

 

 

   150  
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 3 

  

  

 post-column   
 
3.1   

  (N-(phosphonomethyl) glycine) 

     

[1]  27,000  2007 

   

 [2]   enolpyruvylshikimate-3-phosphate 

synthase 

 [3] 

    

 [4] 

 

  (Aminomethylphosphonic acid, AMPA) 

 [1]    AMPA 

 (  3.1)  

 

  

  

 1 % 

 [5]  FAO  WHO 

  0.3 

 [6]  

91/414/EEC      0.10 

 [7]  

 

 

   [8-14]    
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 3.1    pKa  

 (AMPA) 

 
 

  

 (low  recovery) 

  

 AMPA  

 (part-per-billion  ppb )  (part-per-million 

 ppm )  

   ( Liquid-Liquid Extraction) 

   AMPA   

 

 anion-exchange resin  Amberlite IRA-900 [12], LiChrolut EN [10], 

 PRP-X100 [14]  post-column 

 HPLC   (CE)  

 On-line  Oasis HLB Cartridges  post-

column  9-fluorenylmethylchloroformate (FMOC-Cl) [13,15]  Enzyme-linked 

sorbent immunoassay [16]  Matrix solid-phase dispersion [17] 
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  3.2  

AMPA 

 3.2   

  

 
 

 

 (Supported liquid membrane  SLM) 

 AMPA  [18-20]  

  

 (sample aqueous phase)   

(aqueous acceptor phrase) 

  

 

  ion-paring  chelating 

 

   

  diethylhexyl phosphoric acid, 8-hydroxyquinoline,  Aliquat-336 

   

 (carrier-mediated membrane extraction)  

 [21] 
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 Dzygiel  Wieczorek   [18] 

 

  (planar liquid membrane module) 
 

  Rios  [19]  

 AMPA  

 

 19   25 AMPA  

 

  AMPA 
   

   

 

   

haloacitic acids [22] triphenylphosphine oxide [23]    salbutamol terbutaline [24]  

trihalomethanes [25]         
 

  

 

3.2   

3.2.1  

  (CAS No. 1071-83-6,  99.2%)  Riedel-de Häen 

(Seelze, Germany)  (AMPA, CAS No. 1066-51-9, purity 99.0%)  

Fluka (Buchs, Switzerland)  1.00  

 Milli-Q (Millipore, Billerica,MA, USA)  4 

 

   

 

-    (Aliquat-336) 

 di-n-hexylether   Fluka  



RMU5180009                                                               73                                                   31  2554 

 

-       

 Merck (Darmstadt, Germany)  

-     Fisher Scientific(Loughborough, LE, 

UK) 

-  Thiofluor® and o-phthalaldehyde ( )  Pickering 

Laboratories(Mountain View, CA, USA)  

-     5   J.T. Baker 

(Deventer,The Netherlands) 

 3.2.2    post-column 

  HP 1100 series (Agilent Technologies) 

  (automatic degasser)  

binary pump  (autosampler)   

  330 nm    465 nm 

 post-column (PCX5200, Pickering 

Laboratories)   cation-exchange (PN 1954150) 

 guard column (PN 1953020)   Pickering Laboratories 

 55   isocratic  

 0.40   pH 2 

 15   0.3 

  2  

 pH 2  

 5.0    post-column

 (  0.950  9.50  

 0.950   950   5  

 100.0 )  

 o-phthalaldehyde (OPA)  Thioflour® (  

67.10   Thioflour® 2.00   950   OPA  0.1 

  10 )  AMPA  

 0.4 

  36  [28]  OPA 
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 3.2.3  

   Accurel® PP Q3/2 (Membrana GmbH, 

Wuppertal, Germany)  (micro-porous 

hollow fiber membrane)  0.6   0.2 

  0.2   75  

 (  Aliquat-336  

)  

 

 U 

 20    ( ) 

 100  (Gastight, Renu, NV, USA) 

 Pedersen-

Bjergaard  Rasmussen [29]   ( vortex machine: Model G-

5605, Scientific Industries, NY, USA)  (magnetic stir bar) 

   

 

200  

 

 

 

3.3   

  AMPA 

  

 3.2  

 (pre-column derivatization)   

 

   (SPE) 

 

 (post-column derivatization)  cation-exchange 

 USEPA (USEPA method 547) 
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  ( -

SLME)   SLME  non-exhaustive 

  

(Extraction efficiency, EE)  (Efficiency factor, EF)   

ad

da

d

a
vn
vn

c
c

EE    (1) 

d

a

dd

aa

d

a
v
v

EF
vc
vc

m
m

EF   (2) 

  Ca  Cd   (a) 

 (d) 

 na  nd   (a) 

 (d) 

 ma  md   (a) 

 (d) 

 Va  Vd   (a)  (d) 

  (EE)  

  

 (2)  EF 

  

1000   

 

 3.3.1  (Carrier) 

   AMPA  

(zwitterions)  pH  (  3.1) Aliquat-

336   

Aliquat-336   AMPA  Aliquat-336 

  

 

 

 Aliquat-336 
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AMPA  Aliquat-336  pH 

 

 3.3.2    (Selection of the membrane liquid) 

 

  4   dodecane, dodecane

 dodecanol, kerosene  di-n-hexyl ether  

  1   Aliquat-366  0.2  

   

 pH 11 

 

  

    

    

 di-n-hexyl ether 

 

 

 3.3.3   (Selection of the donor) 

  

 

   pH 

    

 3.1  AMPA  pH 

 1  12  pH  8.0 

 AMPA  fractional 

composition   (HnA) 

  (3)  
 Kn = ;  

D =  ;  
 =  
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 3.1   pH  : 

  AMPA 10   Vd 20 ; : 

 1.0   Va 30 ; : Aliquat-

336  di-n-hexyl ether 0.20 ;  45        

  Aliquat-336  pH 10  

  

 pH      Aliquat-
336  pH  

   Aliquat-
336  di-n-hexyl ether   Aliquat-336  di-n-hexyl ether 

    pH 
 9.0  

  
 

3.3.4   (Selection of the acceptor) 

 

  

  Aliquat-336 

 [18] 
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 Aliquat-336      

 

 counter-ion  3.2  

 

    pH 

  AMPA  

 ( )  

 1.0 

 

 

 
 

 3.2   :   AMPA 10 

  pH 9.0  Vd 20 ; :  

1.0   Va 30 ; : Aliquat-336  di-n-hexyl 

ether 0.2 ;  45        

 3.3.5   (Phase ratio) 

  2  

(Vd/Va)  3.3  3.4  

 Vd  Va   Vd 

  Va   Fick 
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 3.3    :   AMPA 

10   pH 9.0; :  1.0  

 Va 20 ; : Aliquat-336  di-n-hexyl ether 0.2 

;  45        

   (4) 

   J =  (g/cm3); D =  (cm2/s);  = 

; cis = 

; cil = ; A = 

; L =  

  Vd   Va  

  Vd  Va  (20 ) 

  

 Vd  40  

   

 Va  

    Va 

 Vd  20   

    Va  

20    

 10  
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 3.4   :   AMPA 

10   pH 9.0  Vd 20 ; : 

 1.0 ; : Aliquat-336  di-n-hexyl ether 

0.2 ;  45        
 
 3.3.6    (Mass transfer) 

 

    vortex  

1  8   3  

     

  

  

 3  

 3.3.7   (Optimizing carrier concentration) 

   

 0.20  

   

[18,31] 

  4   (D)   

Stokes-Einstein: 

   (5) 
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 k =  Boltzmann, T = , a =  (solute radius),  

=   

  

 

 (  3.5) 

 

 

 3.5   :  

 AMPA 10   pH 9.0  Vd 20 ; 

:  1.0   Va 30 ; 

: Aliquat-336  di-n-hexyl ether;  45        

 3.3.8   (Extraction time)  

 

 ( )   

 3.6  60  

 60   

   non-exhaustive 

   

 

 

 3.3.9  HPLC  post-column (HPLC analysis 

with post-column derivatization) 

    

 AMPA   
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 (chromophore)   

   pre-  post-column 

   pre-column 

 

   post-column  USEPA  

    HPLC  

post-column 

    Thiofluor® (N,N-

dimethyl-2-mercaptoethylamine hydrochloride)  2-mercaptoethanol  OPA 

  (fluorophore)  [32]  

 secondary amine  

 36    Thiofluor®  OPA 

   (fluorescence isoindole)   AMPA  primary 

amine  Thiofluor®  OPA  

 post-column  3.7 

  3.8  3 

  AMPA 8   3.8a 

 (direct injection)  3.8b 

 

 

 3.3.10 

 (optimum -SLME procedure and 

method validation) 

 

  Accurel® PP Q3/2  8  

 Aliquat-336  di-n-hexyl ether   0.20    

 1.0    20.0    

  20.0   pH 9.0   60  

 3  HPLC 

post-column  
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 3.6   :   AMPA 

10   pH 9.0  Vd 20 ; : 

 1.0   Va 30 ; : 

Aliquat-336  di-n-hexyl ether 0.2    
 
 
 

 
 

 3.7      Postcolumn  AMPA 
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 3.8   3   

AMPA 8   (a)  (direct injection) 
(b)  

 

 3.3.10.1   (Enrichment factor) 

  

  5   AMPA  25 

  8   853   

136  AMPA  (repeatability) 

 (RSDs)  Horwitz 

   RSDs  3.3 

 3.3   

 post-column 
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 3.3.10.2    (Method Validation) 

   

 3.3   0.9900 

  AMPA    external 

standard calibration   

 S/N 

 1   AMPA  5 

 10    S/N=3 

 S/N=10  

 0.22   EPA 

method 547  6.00  [30]  

  

 3   AMPA  8  

 AOAC [33] 

  2  

 Horwitz trumpet [34] 

 

 AMPA   

3.3.10.3    (Method application) 

   AMPA  

  

 1  (

 EPA method 547  6 )  AMPA  5  

( ) 

 530  811  117   77  AMPA  

  53±4.5  81.1±3.9  11.7±1.8  

7.7±2.7  AMPA  

 

 AMPA  
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3.4   

 

  

AMPA  

 HPLC 
 

 ligand-exchange  anion-exchange 
      

 ( )  20   1  

  peristaltic pump   flat sheet 
membrane  membrane module  

   

   

 20   EPA method 547  200 
  27   

 

   AMPA 

   

   mass spectrometry 

post-column 

  

  3.2 
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 4 

 3: 

 

4.1     

 

 

     

  

  aminoglycosides, -lactams, coccidiostats, lincosamides, quinolones, 

sulfonamides  tetracyclines [1]  

 /

   

  2  

  2 

 

   

 2  1  

  3.1 

 

 4.2  

  3.2   

 

 4.3 
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4.2  3.1: 

 

   

 

  [2]  

  microbial assays [3-5]  

   

 (liquid chromatography 

tandem mass spectrometry, LC-MS/MS) 

    

 (EU 657/2002) 

   sulfonamides [6]  

quinolones [7]  -lactams  cephalosporins [8]  aminoglycosides [9, 10] 

 

  

 [11-13]  (Solid phase extraction, SPE) 

[14,15]   QuEChERS (quick, easy, cheap, effective, rugged and safe) [16] 

 (pressurized liquid extraction, PLE) [17]   

 Yamada  [18]  

 130   aminoglycoside  

tetracyclines  . .2008  Kaufmann  [19]  

100    Ultra performance liquid chromatography 

(UPLC)  Time of flight (TOF)  

aminoglycoside  

   

 

  aminoglycoside 

 

 4.2.1   
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 24   8  

 aminoglycosides 3 ,  -lactam 3 ,  lincosamides 2 ,  

macrolides 4 ,  quinolones 4 ,  sulfonamides 4 ,  tetracyclines 3 

  amprollium   24   8  

   4.2.1  

  4.2.1   

     

  4.2.1 

  Multiresidue 

method   

   aminoglycosides 

  high performance liquid 

chromatography(HPLC)  reversed phase  

   

 Ion-pairing chromatography 

  

  8  

 Hydrophilic interaction liquid chromatography (HILIC)  

 

    

 

 4.2.2   

  4.2.2.1    

  95%  Ampicillin (AMP), 

amprolium (AMPR), chlortetracycline (CTC), ciprofloxacin (CIP), enrofloxacin (ENR), 

erythromycin (ERY), lincomycin (LIN), oxolinic acid (OXO), oxytetracycline (OTC), penicillin G 

(PEN G), spectinomycin (SPEC), spiramycin (SPI), sulfadimethoxine (SDMX), tetracycline 

(TC), tilmicosin (TIL), and tylosin (TYL)   Dr.Ehrenstorfer (Augsburg, 
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Dihydrostreptomycin (DSTR)  streptomycin (STR)  Fluka (Buchs, 

).  Amoxicillin (AMOX), sulfadiazine (SDZ) and sulfathiazole (STZ)   

Sigma-Aldrich (St. Louis, MO, ).  Danofloxacin (DAN)  Riedel-de Haën 

(Seelze, ).  Sulfamethazine (SMZ)  Wako 

Chemicals (VA, ).  Pirlimycin (PIR)  Pfizer (NY, ).            

        Methanol (MeOH)   acetonitrile (MeCN)  HPLC 

   LC/MS   J.T. Baker 

(Deventer, ).    

 Ammonium formate, ammonium acetate, formic acid, and acetic acid (HOAc)  

Fluka.  Trichloroacetic acid (TCA) and heptafluorobutyric acid (HFBA)  Fisher 

Scientific (Leicestershire, ).  Hexane  Kanto Chemical (Tokyo, 

)   Milli-Q purification 

system (Millipore, Billerica, MA, )  18.2 M  cm-1  

  

 99%  

  4.2.2.2    

  0.1  

    aminoglycosides  -lactams 

 SAs, MCs, ENR  OXO   TCs, LAs, AMPR, 

CIP  DAN     

-20 C  -lactams, cephalosporins  aminoglycosides  4 C  

  

 10 -   1 : 1 

  

   1 

-   1 : 1  

-  

 1 : 1  
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  4.2.2.3    

    LC-MS/MS  Water Acquity Ultra performance liquid chromatography 

system  Micromass Quattro PremierTM XE triple quadrupole mass 

spectrometer  Water, MA  

   zwitterionic ZIC-HILIC  2.1 mm x 100 mm; 3.5 m particle size  Sequant 

(Umea )  

                         40 C 

      0.2     

                       10     

                   A.   50 mM ammonium formate  pH 2.5 

                                     B.   Acetonitrile 

       90% B (1.5 )  40%B  4   

10% B  6   5 

  

  positive mode electrospray ionization (ESI+) 

 

Capillary voltage 1.0  kV 

Source temperature 120 C 

Desolvation temperature 350 C 

Extractor voltage 3 V 

Cone gas (N2) flow 50   

Desolvation gas (N2) flow 1000  

Collision gas (Ar) 3.5 x10-3 mbar 

  4.2.2.4    

    

   

 -20 C  

  5  

   

2%TCA  1:1   10   
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vortex  30   10   3400 

rpm ( 945 rcf)  5    

 5   vortex 1  

 5   

 200  1.5  

 10%   1:9   

  0.2  (

 Whatman , NJ )  HILIC-ESI-MS/MS  

 4.2.2  

 

  5  
           10 mL 2% TCA : ACN  1:1 v/v 
  Vortex 30 sec 
  Shaker 10 min 
                                  Centrifuge at 3400 rpm 5 min 

 
  5 mL hexane 
  Vortex 1 min 
  Centrifuge at 3400 rpm 5 min 

 hexane   

200 L  + 800 L  10% Formic acid : ACN  9:1 v/v  

 0.2 m 

 HILIC-ESI-MS/MS 

 4.2.2 :  

  4.2.2.5    

  

2002/657/EC    
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   (identification points) 

  

Multireaction monitoring  (MRM) transitions  

   20  

  

 10   0.5-100   MRL (Maximum 

residue limit) )   

 3 

 (0.5, 1.0  1.5  MRL) 10  

 3  

 10   

   3  (

 30 , n=30) 

  (Limit of detection, LOD) 

 (Limit of quantitation, LOQ)  

 (Signal to noise ratio, S/N)  LOD  S/N = 3  LOQ 

 S/N = 10  (decision limit, CC ) 

 (detection capability, CC )  24 

 MRL  20  

  CC  

 1.64   CC  

 CC   1.64  

  MRL  

 Sulfonamides 

 0.1, 0.2  0.4  MRL  ENR  CIP  0.2, 0.5  1.0  MRL 

 

 4.2.3   

  4.2.3.1   HILIC-ESI-MS/MS 
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   reversed phase  

  ion-pair chromatography 

  

 ion-pair    

HILIC  

 HILIC  

 reversed phase 

  HILIC   

 HILIC  2  ZIC-HILIC  Acquity UPLC BEH 

HILIC  ZIC-HILIC    

  ZIC-HILIC 

 zwitterionic   sulfoalkylbetaine 

 

   

 

  LC-ESI-

MS(/MS)  

   

  A  

 B  

 pH  2.5, 3  4  10, 50  100  

mM  

 

50 mM   pH 2.5   aminoglycosides 

 

 

   15   7.65 

  90% A  10  
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  ZIC-HILIC  

 24  reversed-phase  ion-pair mode  

 4.2.3  HILIC  HILIC  

  AMPR   1690-1700   

SPI 100-270   reversed-phase  ion-pair mode   S/N  

 
 
 

 
 
 

 4.2.3 :  amprolium  spiramycin   (a) 

reversed-phase  water acquity UPLC BEH shield RP18 (2.1 mm x100 mm; 

1.7 m)  0.1   A: 0.3% 

HOAc  10 mM ammonium acetate  B: 0.3% HOAc  MeOH-MeCN 

(1:1,v/v) (b) ion-pair   water acquity UPLC BEH shield RP18 (2.1 mm x100 

mm; 1.7 m)  0.1   A: 

0.01 M HFBA  MeCN-  (5:95, v/v)  B: 0.01 M HFBA  MeCN-  

(95:5, v/v)  (c) HILIC   0.01  
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  4.2.3.2   

 

  

  

 

   (MeCN)  (MeOH)  

(EtOH)   MeCN 

 Trichloro acetic acid (TCA) 

 TCA 

 pH 

 

 

 aminoglycosides  

 5% TCA   pH, ionic strength, 

  

 MeCN  TCA   TCA -MeCN, 1:1%, v/v  

  4.2.4 

 TCA  

  1% TCA  PEN G, DSTR  STR 

   

  

 TCA   aminoglycoside  

  ERY 

 20  

 2% TCA  :MeCN, 1:1 v/v  

 

   

  Sulfonamides, 

PEN G  OXO  1.42-1.76   

MeCN      

SPEC, DSTR  STR    
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 4.2.4    TCA  

MRL  24   (  3 ) 
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 6.33  7.65  

     TYL  AMPR 

  

  PIR  LIN  

 

 10% formic acid  : MeCN  1:9 v/v  

 

 PIR  LIN  2   4.2.5 

 3:7 (v/v) 

 2:8 (v/v) 

 

  2:8 (v/v) 

 

 

  4.2.3.3   

   24 

  2002/657/EC 

   

     

  

    4.2.3.3.1  (Identification) 

      B  

 

 3  (Identification point, IP)  24  

 MRM (Multireaction monitoring)   1 precursor ion   2 product 

ions  precursor ion   4  ( precursor = 1 , 

product ion = 1.5 ) 

  

 3 sd  

 2 transitions (  2 MRM ) 
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  3 sd   

 4.2.2 

4.2.3.3.2  (Selectivity or Specificity) 

     

  

  20 

  

  

 

4.2.3.3.3  

     

 ESI-MS 

  

  4.2.5 

 79-99  DSTR  STR 

 53  4  

 

4.2.3.3.4   (Linearity) 

      

    10 

  1-100   

linear regression  R2  24   R2 

 0.9991-0.9938  4.2.3 
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 4.2.5   

lincomycin (LIN)  pyrilimycin (PIR)  MRL 

 (10% formic acid  : MeCN (1:9, v/v); (a) 1:9, (b) 

2:8, (c) 3:7, (d) 4:6  (e) 5:5 

 

 
 
 
(a) 
 
 
 
(b) 
 
 
 
 
(c) 
 
 
 
 
(d) 
 
 
 
 
(e) 
 



RM
U5

18
00

09
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

10
5 

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

  3
1 

 2
55

4 

 

 4
.2

.2
   

M
ol

ec
ul

ar
 w

ei
gh

ts
, r

et
en

tio
n 

tim
es

, t
R 

(a
cc

ep
ta

bl
e 

ra
ng

es
, 

3 
SD

), 
io

n 
tra

ns
itio

ns
, o

pt
im

ize
d 

M
S/

M
S 

pa
ra

m
et

er
s,

 a
nd

 io
n 

ra
tio

s 

(a
cc

ep
ta

bl
e 

ra
ng

es
, 

3 
SD

) v
s.

 c
on

ce
nt

ra
tio

ns
 o

f t
he

 2
4 

ve
te

rin
ar

y 
dr

ug
s 

in
 H

IL
IC

-U
PL

C
ES

I(+
)

M
S/

M
S.

 
Io

n 
ra

tio
 

A
na

ly
te

 
M

.W
. 

t R
 

(m
in

) 
C

on
e 

vo
lta

ge
(V

) 
Q

ua
nt

ifi
ca

tio
n 

tr
an

si
tio

n 
(m

/z)
 

C
E

 
(e

V
) 

C
on

fir
m

at
io

n 
Tr

an
si

tio
n 

(m
/z)

 
C

E
 

(e
V

) 
0.

5-
M

R
L

 
M

R
L

 
1.

5-
M

R
L

 
Su

lfa
di

m
et

ho
xi

ne
 

SD
M

X
 

31
0.

3 
1.

42
 

 0
.0

3 
40

 
31

1.
08

 >
 1

56
.1

6 
25

 
31

1.
08

 >
 1

08
.1

6 
35

 
0.

34
 

0.
03

 
0.

34
 

0.
03

 
0.

35
 

0.
01

 
Su

lfa
m

et
ha

zi
ne

 
SM

Z 
27

8.
3 

1.
47

 
 0

.0
2 

35
 

27
9.

09
 >

 1
86

.0
2 

20
 

27
9.

09
 >

 1
24

.0
7 

30
 

0.
56

 
0.

06
 

0.
55

 
0.

03
 

0.
56

 
0.

03
 

Pe
ni

ci
lli

n 
G

 
PE

N
 G

 
33

4.
4 

1.
50

 
 0

.0
1 

45
 

33
5.

32
 >

 2
17

.2
4 

15
 

33
5.

32
 >

 9
0.

91
 

35
 

0.
83

 
0.

18
 

0.
80

 
0.

06
 

0.
82

 
0.

02
 

O
xo

lin
ic

 a
ci

d 
O

X
O

 
26

1.
2 

1.
50

 
 0

.0
2 

32
 

26
2.

10
 >

 2
44

.1
3 

20
 

26
2.

10
 >

 2
16

.0
2 

35
 

0.
07

 
0.

01
 

0.
08

 
0.

01
 

0.
08

 
0.

01
 

Su
lfa

di
az

in
e 

SD
Z 

25
0.

3 
1.

55
 

 0
.0

2 
25

 
25

1.
10

 >
 1

55
.9

1 
15

 
25

1.
10

 >
 1

07
.8

4 
25

 
0.

48
 

0.
03

 
0.

48
 

0.
03

 
0.

48
 

0.
01

 
Su

lfa
th

ia
zo

le
 

ST
Z 

25
5.

3 
1.

76
 

 0
.0

2 
30

 
25

6.
09

 >
 1

07
.8

7 
25

 
25

6.
09

 >
 1

55
.9

3 
15

 
0.

40
 

0.
03

 
0.

41
 

0.
02

 
0.

41
 

0.
02

 
Ty

lo
si

n 
TY

L 
91

6.
1 

4.
37

 
 0

.0
3 

57
 

91
6.

48
 >

 1
74

.1
9 

40
 

91
6.

48
 >

 7
72

.9
4 

35
 

0.
02

 
0.

01
 

0.
02

 
0.

01
 

0.
02

 
0.

01
 

Er
yt

hr
om

yc
in

 
ER

Y
 

73
3.

9 
4.

44
 

 0
.0

6 
25

 
73

4.
57

 >
 5

76
.3

8 
25

 
73

4.
57

 >
 5

22
.3

4 
25

 
0.

30
 

0.
09

 
0.

29
 

0.
10

 
0.

29
 

0.
08

 
En

ro
flo

xa
ci

n 
EN

R
 

35
9.

4 
4.

55
 

 0
.0

6 
30

 
36

0.
14

 >
 2

45
.0

9 
35

 
36

0.
14

 >
 3

16
.0

0 
26

 
0.

68
 

0.
17

 
0.

69
 

0.
18

 
0.

65
 

0.
09

 
C

hl
or

te
tra

cy
cl

in
e 

C
TC

 
47

8.
9 

4.
62

 
 0

.0
3 

30
 

47
9.

11
 >

 4
62

.0
7 

18
 

47
9.

11
 >

 4
44

.1
6 

20
 

0.
91

 
0.

23
 

0.
91

 
0.

09
 

0.
90

 
0.

09
 

D
an

of
lo

xa
ci

n 
D

A
N

 
35

7.
3 

4.
65

 
 0

.0
3 

35
 

35
8.

15
 >

 8
2.

22
 

45
 

35
8.

15
 >

 3
40

.0
0 

35
 

0.
31

 
0.

10
 

0.
30

 
0.

10
 

0.
29

 
0.

06
 

C
ip

ro
flo

xa
ci

n 
C

IP
 

33
1.

3 
4.

69
 

 0
.0

2 
37

 
33

2.
22

 >
 3

14
.2

2 
23

 
33

2.
22

 >
 2

45
.2

2 
25

 
0.

58
 

0.
16

 
0.

55
 

0.
14

 
0.

62
 

0.
13

 
Pi

rli
m

yc
in

 
PI

R
 

41
0.

1 
4.

71
 

 0
.0

2 
35

 
41

1.
17

 >
 1

11
.8

2 
27

 
41

1.
17

 >
 3

63
.1

5 
18

 
0.

25
 

0.
05

 
0.

24
 

0.
02

 
0.

24
 

0.
02

 
A

m
pi

ci
lli

n 
A

M
P 

34
9.

4 
4.

75
 

 0
.0

2 
25

 
35

0.
23

 >
 1

05
.9

0 
20

 
35

0.
23

 >
 1

92
.1

0 
15

 
0.

31
 

0.
08

 
0.

34
 

0.
12

 
0.

36
 

0.
13

 
A

m
ox

ic
ill

in
 

A
M

O
X

 
36

5.
4 

4.
81

 
 0

.0
6 

20
 

36
6.

25
 >

 2
08

.1
5 

13
 

36
6.

25
 >

 3
49

.2
0 

10
 

0.
57

 
0.

13
 

0.
58

0.
19

 
0.

56
 

0.
06

 
Te

tra
cy

cl
in

e 
TC

 
44

4.
4 

4.
82

 
 0

.0
3 

25
 

44
5.

25
 >

 4
10

.4
5 

20
 

44
5.

25
 >

 1
54

.1
5 

25
 

0.
72

 
0.

16
 

0.
69

0.
09

 
0.

71
 

0.
07

 
Li

nc
om

yc
in

 
LI

N
 

40
6.

5 
4.

85
 

 0
.0

2 
40

 
40

7.
16

 >
 1

26
.0

9 
30

 
40

7.
16

 >
 3

59
.2

1 
20

 
0.

07
 

0.
04

 
0.

08
0.

02
 

0.
07

 
0.

03
 

Ti
lc

om
yc

in
 

TI
L 

86
9.

1 
4.

88
 

 0
.0

3 
55

 
86

9.
53

 >
 1

74
.3

9 
55

 
86

9.
53

 >
 6

96
.5

1 
50

 
0.

53
 

0.
14

 
0.

52
0.

09
 

0.
56

 
0.

18
 

O
xy

te
tra

cy
cl

in
e 

O
TC

 
46

0.
4 

4.
89

 
 0

.0
4 

27
 

46
1.

19
 >

 4
26

.1
8 

20
 

46
1.

19
 >

 4
43

.2
1 

13
 

0.
52

 
0.

12
 

0.
46

0.
11

 
0.

50
 

0.
08

 
Sp

ira
m

yc
in

 
SP

I 
84

3.
1 

4.
97

 
 0

.0
4 

30
 

84
3.

51
 >

 1
74

.1
0 

45
 

84
3.

51
 >

 1
01

.0
7 

58
 

0.
22

 
0.

12
 

0.
24

0.
11

 
0.

24
 

0.
05

 
A

m
pr

ol
iu

m
 

A
M

PR
 

27
8.

8 
5.

41
 

 0
.0

5 
20

 
24

3.
11

 >
 1

50
.0

5 
15

 
24

3.
11

 >
 1

22
.0

3 
25

 
0.

14
 

0.
08

 
0.

12
0.

01
 

0.
12

 
0.

03
 

Sp
ec

tin
om

yc
in

 
SP

EC
 

33
2.

3 
6.

33
 

 0
.0

3 
35

 
35

1.
21

 >
 3

33
.2

7 
20

 
35

1.
21

 >
 9

7.
75

 
30

 
0.

76
 

0.
15

 
0.

80
0.

14
 

0.
79

 
0.

16
 

D
ih

yd
ro

st
re

pt
om

yc
in

D
ST

R
 

58
3.

6 
7.

57
 

 0
.0

4 
60

 
58

4.
14

 >
 2

63
.1

8 
30

 
58

4.
14

 >
 2

46
.1

5 
40

 
0.

35
 

0.
10

 
0.

37
0.

08
 

0.
37

 
0.

07
 

St
re

pt
om

yc
in

 
ST

R
 

58
1.

6 
7.

65
 

 0
.0

3 
65

 
58

2.
14

 >
 2

63
.2

7 
30

 
58

2.
14

 >
 2

46
.1

4 
40

 
0.

54
 

0.
27

 
0.

53
0.

13
 

0.
51

 
0.

21
 



RMU5180009                                                               106                                                   31  2554 

 

 
 

 4.2.6   LC-MS/MS 

 MRL 

 

 

4.2.3.3.5   (Recovery) 

    

  3  

0.5, 1.0  1.5  MRL  

 10   4.2.4 

 70-99  

 70-120%  sulfonamides, ERY  SPI 

   sulfonamides 

 60-73  11%  ERY 

 53-57  

  ERY  pKa  8.8 

 

 98%  SPI 
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 ERY  65-75  

sulfonamides, ERY  SPI  

 15% 

 24  

4.2.3.3.6  (precision) 

   repeatability (intra-day 

precision)  within-laboratory reproducibility (inter-day precision) 

 (%RSD)  0.5 MRL  MRL 

  (Horwitz 

equation)  %RSD  

 4.2.4 

 15% RSD   MRL  0.5 MRL  AMOX  18% RSD  0.5 MRL 

 MRL  SDZ  16% RSD  0.1 MRL 

 15% RSD  

 

 

4.2.3.3.7  (Analytical Limit)  

 MRL 

 

 (lowest calibrated level, LCL) 

 matrix-matched 

calibration standards   LODs  LOQs 

 LCL   

 3  10  

 transition   LODs 

 0.1-20   LOQs  0.3-60   

 aminoglycosides  AMPR  LOD  LOQ  

 

  MRL 

 2:8  
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 (decision limit, CC ) 

 5%   

(false positive)  (detection capability, CC ) 

    

5% (false negative)  MRL   CC   CC  

 

MRL   20  

  20   (sd)  

CC   MRL + 1.64 sd  CC   CC  - 1.64 sd 

 4.2.3 

4.2.3.4    

    

 30 

  

 tR 3 sd   2 transitions  3 

sd  ( )  

  ENR   6.5 

  MRL  100  

   

 

4.2.4  

 

 7   Sulfonamides, Quinolones, Tetracyclines, Penicillins, Aminoglycosides, 

Lincosamides, Coccidiostats  Macrolides  

 24   UPLC-MS/MS 

 HILIC  
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4.3   3.2: 

-  

4.3.1  

 

  

  

   

  

  [1-4] 

 

   4   Macrolide, 

Sulfonamide, Tetracycline Quinolone [5]  Macrolide 

   Sulfonamide 

   Tetracycline 

   Quinolone   

 

   [6]  

 [5,7]  

 

 ( ) 

   

-  (high 

performance liquid chromatography tandem mass spectrometry) 

   

 [8,9]   

 (liquid-liquid extraction)  (solid-phase extraction) 

 [4,8-12]   

  Pedersen-Bjergaard  [13] 

 (hollow-fiber liquid-phase microextraction) 

 (enrichment 
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factor)      

   

    

   (clean up) 

  

 (Donor) 

   (Acceptor)   

  

 3  [14-16]   

  

   [17]  [18]  [19]  [20] 

  (carrier-

mediated hollow-fiber liquid-phase microextraction)  Ho  [21] 

 (ion-pairing) 

 (carrier) 

  (ion-paring agent) 

  Aliquat336 [22-25],  D2EHPA [22, 24, 26, 27],  2-ethylhexyl phosphonic acid 

[24]  Sodiumoctanoate [21, 28]   

Tetracycline    3 

 

-  [25]  

 

 4    4  4   

 3  3 

 [29]   

  (pKa)    

  

 

 11  4   

 

 

-  
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 4.3.2   

 4.3.2.1    

  11  4   Erythromycin (ERY), 

Spiramycin (SPI), Tilmicosin (TIL), Ciprofloxacin (CFC), Enrofloxacin (EFC), Danofloxacin 

(DFC), Sulfathiazole (STZ), Sulfamethazine (SMZ), Sulfamerazine (SMR), 

Oxytetracyclinehydrochloride (OTC)  Tetracycline hydrochloride (TC) 

 11  3.1 

  3   Tricaprylmethylammonium chloride 

(Aliquat 336), Bis(2-ethylhexyl) monohydrogenphosphoric acid (D2EHPA)  2-Hydroxy-5-

nonylacetophenoneoxime (LIX 84)    Dihexyl ether (DHE), 

Ammonium acetate, Ammonium formate, Disodium tetraborate decahydrate, Acetonitrile, 

Acetic acid, Hydrochloric acid, Formic acid, Sodium hydroxide, Methanol  

(Milli-Q water) 

  4.3.2.2    

  11  1000 

  ERY, SPI, TIL, STZ, SMZ, SMR, DFC  EFC 

  Acetonitrile  OTC  TC  Methanol 

 CFC  0.1 M formic acid  

 4    

11  100 

 

 4.3.2.3   

-  

  Acquity  

Waters   Micromass Quattro Premier™ XE benchtop quadrupole 

 positive electrospray ionization (ESI+)  

 2  gradient elution  Acquity UPLC 

BEH  Waters  100   
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2.1   1.7    0.2 

   40    A  10 mM ammonium 

acetate  0.3% (v/v) acetic acid   B  methanol:acetonitrile (50:50 v/v) 

 0.3% (v/v) acetic acid   10    

11  5.5   gradient elution  

 95:5 (v/v) A:B  1.5    35:65 (v/v) A:B  3.0 

  2.0     100% B  5.5 

  4.5   5% B 

 10.5  

  capillary voltage 1 kV, 

extractor voltage 3 V, source temperature 120°C, desolvation temperature 350°C, cone gas 

(nitrogen) flow 50 L h-1, desolvation gas (nitrogen) flow 1000 L h-1  collision gas (argon) 

0.22 mL min-1  cell pressure 0.35 Pa   Multiple reactions monitoring 

 transition  2    

 transition  11  4.3.2  

 MassLynx 4.1 software package  

 4.3.2.4    

  polypropylene  Accurel®PP Q3/2  

Membrana   600    

200    0.2    75%  

 sonication  

acetone     

 20%(w/v) Aliquat 336  DHE  60  

  

 gastight  

 Pedersen-Bjergaard  Rasmussen [13] 

  2  U 

 24   

  pH 

 Sodium tetraborate  24   

 20  U  
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 4.3.1   

 

 
 

 
 

pKa 

[31,33] 

Macrolide 
Erythromycin 

(ERY) 

 

733.93 8.9 

 Spiramycin (SPI) 843.05 7.9 

 Tilmicosin (TIL) 855.11 
7.4 

8.5 

Sulfonamide 
Sulfathiazole 

(STZ) 
 

255.32 
2.0 

7.1 

 
Sulfamethazine 

(SMZ) 

 

278.33 
2.1 

7.5 
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Sulfamerazine 

(SMR) 
 

264.30 
2.1 

7.0 

Tetracycline 
Oxytetracycline 

(OTC) 
 

460.43 

3.2 

7.5 

8.9 

 Tetracycline (TC) 

 

444.43 

3.3 

7.9 

9.6 

Quinolone 
Ciprofloxacin 

(CFC) 

 

331.34 

3.0 

6.1 

8.7 

10.6 

 
Danofloxacin 

(DFC) 

 

357.38 

3.9 

6.1 

8.6 

9.9 

 
Enrofloxacin 

(EFC) 

 

359.39 

3.9 

6.2 

7.6 

9.9 

 

 multi-station magnetic stirrer  IKA 

 60    vial 

 4  

-   

   [23]  
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Enrichment factor (EF)   =   
ad

da

d

a
Vn
Vn

C
C  

 cd  ca  (d) 

 (a) 

 nd  na     Vd Va  

 

 4.3.3     

 4.3.3.1    

  

   

 5, 15, 30, 60 120   enrichment factor 

  4.3.1  enrichment factor 

  60   enrichment factor  

  

 60  

  

 4.3.3.2    

 

 

 

 

 6   1-octanol, 1-decanol, DHE, undecane, dodecane  

toluene  4.3.2  enrichment factor  11 

 1-12  DHE 

   

 passive  [30] 
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    (ion-pairing effect)  pH 

(pH gradient)  11  4.3.1 

 pH   Macrolide 

Effect of immersion time on enrichment (Macrolide, Sulfonamide class)

0.00

3.00
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Effect of immersion time on enrichment (Tetracyaline, Quinolone class)

0.00

5.00

10.00

15.00

20.00

25.00

30.00

0 20 40 60 80 100 120 140

Immersion time (min)

En
ric

hm
en

t f
ac

to
r

OTC
TC
CFC
DFC
EFC

 

 4.3.1  

(a)  macrolide  sulfonamide (b)  tetracycline  

quinolone 

  

(a) 

(b) 
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 [-N(CH3)2]  pKa  8 [31]  

 

 Sulfonamide  [-NH2]  [-NH-] 

 pKa  2.0–2.1  protonation  aniline  pKa  7.0–

7.5  deprotonation of  amide   Sulfonamide 

 [32, 33]   pKa  

Tetracycline  3.3, 7.7  9.3  tricarbonyl, dimethylamine  beta-

diketone  [25, 31–33]   

 quinolone  amphoteric  

carboxylic  amino  heterocyclic   pKa  (3.0–3.9, 6.1–6.2, 

7.6–8.7  9.9–10.6)   

 [31,32] 

  3   Aliquat 336 ( ), D2EHPA (

)  LIX 84 ( )  DHE 

 4.3.3  Aliquat 336  11 

 2   ion-pair formation 

 pH   Yamini 

 Aliquat 336  [22]  DHE  2-

heptanone    DHE  enrichment factor   

 Aliquat 336  5  40%  DHE 

 (5  10%)  enrichment factor   ion-pair 

formation   (30  40%)  

enrichment factor  

  

4.3.3  20% Aliquat 336  DHE 

 

 4.3.3.3   

  

pH  2  

 (recovery)   pH 

  ion-pair formation   

 sodium tetraborate  pH 7-12  
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 pH 8  pKa  11  pH 8 

 

  pH 

  ion-pair formation 

 exchanged counter-ion   pH 

 -

   2   acetic acid  formic 

acid  pH 3-6 

-

   3.4   

acetic acid  pH 4   11  enrichment factor  

(10.9–153 )  pH 5 (8.9–105 )  pH 4 

 pH  pH 

     acetic acid  pH 4 

 11 

 

 4.3.3.4    

  

   

  

  enrichment factor   

 5  90    [18–20, 23, 

25]    enrichment factor   

 enrichment factor    60   

   

 (20 )    

 1-17  multistirrer 
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 4.3.3   3 

 

 

Enrichment factor (n=3) 

 

Aliquat 336 D2EHPA LIX 84 

Erythromycin 3.1 ± 1.6 1.5 ± 0.7 1.9 ± 0.9 

Spiramycin 6.1 ± 1. 9 0.9 ± 0.3 2.7 ± 1.3 

Tilmicosin 14.0 ± 4.5 1.8 ± 0.5 3.5 ± 1.3 

Sulfathiazole 5.9 ± 2.0 0.9 ± 0.2 2.9 ± 1.6 

Sulfamethazine 10.7 ± 2.5 0.7 ± 0.3 1.6 ± 0.4 

Sulfamerazine 9.5 ± 1.8 1.1 ± 0.3 2.3 ± 1.7 

Oxytetracycline 74.4 ± 9.5 3.7 ± 1.5 5.5 ± 3.1 

Tetracycline 49.5 ± 7.6 2.1 ± 0.9 11.7 ± 3.9 

Ciprofloxacin 25.9 ± 3.8 1.9 ± 1.0 4.8 ± 1.4 

Danofloxacin 15.6 ± 2.5 2. 6 ± 0.9 5.6 ± 2.6 

Enrofloxacin 13.0 ± 2.9 2.6 ± 1.8 8.1 ± 4.1 
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 4.3.3  DHE  

4.3.4   

         

 

  

   60  

 20% Aliquat 336 DHE   pH 8  20  

 100   acetic acid pH 4  20 

  60   200 

     

 4.3.5  

 0.5-100   3  

 11 

-  

 (r)  0.9823 (STZ) 0.9974 (CFC)
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 3  10  

 

 11 10–250  

 40–850   4.3.5   pKa  11 
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 4.3.5  

 

Linearity Precision (%RSD) 

 
Linear 

range 

( g L-1) 

Correlation 

coefficient 

(r) 

LOD 

( g L-1) 

LOQ ( g 

L-1) 

Enrichmen

t factor 
Intra-

day 

Inter-

day 

Recovery 

(%) 

Erythromycin 0.5-50 0.9966 0.02 0.07 12.5 ± 2.2 11.0 10.8 110 

Spiramycin 0.5-50 0.9886 0.08 0.27 19.2 ± 2.6 7.98 11.4 79.2 

Tilmicosin 0.5-50 0.9936 0.03 0.09 14.4 ± 1.9 3.27 6.50 94.5 

Sulfathiazole 0.5-50 0.9823 0.07 0.22 12.7 ± 3.0 10.1 7.99 118 

Sulfamethazine 0.5-50 0.9935 0.01 0.04 20.0 ± 3.4 5.65 8.92 94.9 

Sulfamerazine 0.5-50 0.9916 0.06 0.21 12.7 ± 2.3 6.49 9.64 105 

Oxytetracycline 0.5-50 0.9929 0.25 0.85 156 ± 11 8.91 7.81 98.7 

Tetracycline 0.5-50 0.9950 0.13 0.43 113 ± 12 9.56 9.64 99.3 

Ciprofloxacin 0.5-50 0.9974 0.06 0.20 68.9 ± 8.7 7.66 7.19 84.2 

Danofloxacin 0.5-50 0.9878 0.06 0.18 31.3 ± 3.6 5.80 6.67 90.2 

Enrofloxacin 0.5-50 0.9931 0.04 0.14 50.4 ± 5.9 8.11 10.2 83.5 

 

  12.5  15  

 10–250  

 40–850    

  

 79.2%  119%  
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