
 

Introduction
Since the first publication in 2003 the QuEChERS extraction
method for pesticides in food (Anastassiades 2003) became a
worldwide standard. While the extraction step is well
standardized (AOAC 2007.1; CEN 15662), the clean-up of the
resulting extracts from different matrices is still in active
discussions.

A well proven solution for a unified clean-up for all food
matrices with only one cartridge type has been established with
the use of µSPE cartridges (Hayward 2016).
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The µSPE Results
One micro-SPE cartridge can serve for all the matrices in food, 
represented here with simple, complex and high chlorophyll food 
matrix types. 

This clean-up procedure is true Green Chemistry. Significantly 
less solvent is needed.

Micro-SPE cartridges achieve a significantly better clean-up 
performance than traditional QuEChERS d-SPE.

The majority of the analyte recoveries are among 70 - 130% 
with RSDs below 10%, meeting the requirements for pesticide 
residue analysis in foods.

The automated workflow is highly economical. While the sample 
sequence is running the PAL starts the preparation of the next 
sample in parallel to the chromatographic run.

.

Figure 1: µSPE QuEChERS unified extracts clean-up 
workflow vs. manual dSPE clean-up

The Automated Clean-up Workflow
The starting point of the automated clean-up workflow is the
centrifuged extract of the standardized QuEChERS extraction.

The µSPE clean-up Workflow 
Using miniaturized SPE cartridges 

The application of µSPE employs miniaturized SPE
cartridges in dimensions of 33 mm height x 8 mm
diameter. 45 mg Sorbent, dwell volume is approx.
80 µL.

Syringe load and elute

Unlike classical SPE using a vacuum manifold, the flow rates
applied to the µSPE cartridge can be precisely controlled with
a liquid syringe on a PAL RTC autosampler (Hayward 2016) in
the following way:

Figure 2: µSPE cartridge

Figure 3: µSPE cartridge with syringe acting as a pump 
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The Solution
Unified clean-up using micro solid phase extraction

The application of a mini-column solid phase extraction
instead of the dispersive SPE (dSPE) maintains the high
potential of the QuEChERS extraction. It allows high sample
throughput and recovery for a large number of pesticides in
different food matrices even those with high lipid contents
(Morris 2014, 2015).

The µSPE cartridge is
sealed by a septum allowing
the autosampler syringe to
push the raw QuEChERS
extracts through the sorbent
bed. The syringe works as a
LC pump. Low flow rates of
approx. 2 µL/s in the load
and elution steps are used
for sharp analyte/matrix
separation.

No concentration step required

The miniaturization of the clean-up step to a microliter scale
solid phase extraction (µSPE) prevents the typical dilution by
SPE elution thus avoids an additional evaporation step and
reduces solvent use.

The pesticides fraction is eluted only in a small volume of a
few 100 µL for direct injection into GC-MS or LC-MS.

Inject sample
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Methamidophos - 5 Levels, 5 Levels Used, 5 Points, 5 Points Used, 0 QCs
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Type:Linear, Origin:Ignore, Weight:None

Dichloran - 5 Levels, 5 Levels Used, 5 Points, 5 Points Used, 0 QCs
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Methamidophos Dichloran

Linearities for all 208 compounds are ≥0.99
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avocado_spikde_5ppb

		Compound		5ppb				10ppb				50ppb

		Name		recovery		RSD		recovery		RSD		recovery		RSD

		Triadimefon		89		20		89.5		7.6		86.6		0.3

		DDE-p,p'		103.5		2.3		92.3		7.9		88.9		0.3

		Dichloran		65.6		20.1		79.8		9.6		68.9		0.4

		Iprobenfos		62.9		29.2		77.2		5.9		82.3		0.5

		Cyproconazole		82.3		10.2		84.4		9.6		81.9		0.6

		Butachlor		79.5		10.3		90.7		11.4		78.2		0.6

		Etoxazole		86.2		12.5		73.5		4.3		66.5		0.7

		Phorate Sulfoxide		0				77.7		9.6		117.6		0.7

		Dichlorvos		84.6		1.2		86.7		10.6		81.5		0.7

		Bromacil		74.7		3.1		85		1.1		85		0.8

		Isofenphos oxon		64.3		26.4		81.5		5.5		82.3		0.8

		Chloroneb		82.7		4.1		78.9		6.6		76.5		0.8

		Fenobucarb		89		10.5		90.6		3.9		89.4		0.9

		Etrimfos		80.9		29.4		73.3		7.5		75.1		0.9

		Bromfenvinfos		84		13.1		87.7		13		82.9		0.9

		Dichlofenthion		73.3		16.1		73.8		5.2		73.2		1

		Bromophos-ethyl		62.6		5.5		54.1		8.5		61.5		1

		Chlorthiophos-1		81.3		13		71.4		8.9		71		1

		Chlordane-trans (gamma)		73.3		16		56.9		14.9		62.1		1

		Propetamphos		83.3		20.3		80.8		15.5		80.7		1

		Piperophos		78.6		11.4		83.3		16.8		76.5		1

		Pentachloronitrobenzene		58		6.8		59.7		2.2		60.4		1.1

		Propyzamide		73.1		15.5		70.2		6.1		77.5		1.1

		Chlorthiophos-2		78.7		11.2		71.4		8.8		71.2		1.1

		Tetradifon		79		3.8		65		4.1		63.6		1.2

		Pyrazophos		85.2		17.4		72.7		8.6		76.2		1.2

		Mephosfolan		67		18.2		84.5		9.3		89.5		1.2

		Isofenphos-methyl		82.8		14.2		85.3		12.1		83.6		1.2

		beta-Endosulfan		71.2		20.9		74.7		14.4		72.1		1.2

		DDT-p,p'		123.6		12.9		83.9		21.7		85.7		1.2

		Epoxiconazole		87.6		13.6		79.4		6.9		77.7		1.3

		Cyfluthrin		98.2		10.2		73		7.3		66		1.3

		Hexazinone		83.5		18.4		84.2		7.3		84.1		1.3

		Bifenthrin		71.6		10.6		63.1		8.4		63.7		1.3

		Thiobencarb		84.1		18.8		73.2		0.7		68.5		1.4

		Isoprothiolane		93.6		13.6		87.5		4.8		83.3		1.4

		Fenothiocarb		81		13.7		76.9		5.6		74.9		1.4

		Mevinphos		95.4		17.7		101.1		6.8		94.5		1.4

		Prometryn		73.5		22.6		76.3		9.5		75.4		1.4

		Chlorfenson		84.1		9		74.4		11.5		74.6		1.4

		Nitrofen		84.3		8.6		87.9		7		91		1.5

		Diphenylamine		74.2		14.3		71.4		11.1		73.2		1.5

		Fenarimol		103.1		8		84.9		12.9		80.8		1.5

		Fenvalerate I		70.8		20.7		61.6		12.9		58.7		1.5

		Fluvalinate-tau		86.3		29.9		62.5		18.7		63.4		1.5

		Ethofumesate		95		13.2		96.7		3.9		86.1		1.6

		Tribufos		77		7.7		70.6		4.6		66.4		1.6

		Pyriproxyfen		80.1		12.6		72.1		9.4		69.2		1.6

		DDT-o,p'		111.3		10.1		91.9		19		90.1		1.6

		Triallate		67.7		10.6		64.8		5.7		65.9		1.7

		BHC-gamma		103.5		7.8		91.5		7.7		89.6		1.7

		Propazine		80.2		7.5		79		8.2		77.8		1.7

		Phosphamidon		65.6		16.2		90.8		9.1		76.9		1.7

		Flutolanil		89.6		6.3		88.5		10.4		84.8		1.7

		Fenamidone		88.5		2.3		87.8		10.5		84.4		1.7

		Tetramethrin II		88.3		18.1		74.2		5.7		75.7		1.8

		Biphenyl		224.5		7.1		137.3		7.1		73		1.8

		DDD-o,p'		94.8		7.6		93.5		7.8		89.7		1.8

		Fenthion		68.9		19.6		73		10.2		70.4		1.8

		Myclobutanil		93.4		3.7		90.5		10.4		84.6		1.8

		Atrazine		72.9		20.4		71.9		12.5		79.3		1.8

		Desmetryn		76.3		13.1		72.1		13.2		80.7		1.8

		Propiconazole		85.7		6.1		86.2		14.1		79.5		1.8

		Bromophos		73.8		16.4		64.5		15.6		65.3		1.8

		Leptophos		62.8		5.8		53.3		10.6		53.7		1.9

		Coumaphos		72		19.8		87		4		68.6		2

		Ethoprophos		83.1		13.6		86.7		7.1		87.5		2

		Propanil		67.7		21.5		70.5		8.7		71.1		2

		Piperonyl butoxide		77.9		15.2		72.1		11.4		72.1		2

		Pendimethalin		82.9		28.9		68.8		12.1		70.8		2

		Sulfotep		85.8		11.7		86		6.3		84.5		2.1

		Methidathion		75.3		16.1		75.4		6.8		77.7		2.1

		Penconazole		89.2		10.9		82.1		7.2		84.3		2.1

		Cycloate		94.6		3.8		78.1		8.6		67.1		2.1

		Acetochlor		86.1		19.1		84.9		9.6		85.1		2.1

		Isoprocarb		107.2		5.8		93.6		10.1		89.9		2.1

		Fonofos		84.9		5.2		77.8		4.8		80.5		2.2

		Chlorpyrifos		80.3		2.1		71.7		6.7		71.8		2.2

		Pyridaben		73.4		15.6		63.2		9.2		63.6		2.2

		Pirimiphos-ethyl		78.4		23.4		72.9		11.4		73.3		2.2

		Isazophos		84.9		8.1		79.5		18.3		80.7		2.2

		Oxadiazon		88.7		2.4		80		4.1		78.9		2.3

		DDE-o,p'		102		3.7		95.2		5.6		89		2.3

		Pirimicarb		74.9		17.8		82.4		5.9		79.8		2.3

		Methacrifos		91.9		1.1		90.1		6.2		86.4		2.3

		Dicofol		79.3		10.6		69.3		7.1		63.1		2.3

		Parathion		97.1		13.5		89		7.6		88.1		2.3

		Tolclofos-methyl		73.3		10.6		73.9		9.7		71.8		2.3

		Bromopropylate		68.2		16		68.7		10.6		68.2		2.3

		Trichloronat		61.9		11.2		59		11.4		58.5		2.3

		Endrin		75.7		17.8		68.8		14.5		62.4		2.3

		Terbufos		75.5		11.8		73.6		3.3		76.8		2.4

		Monolinuron		67.6		8.2		97.8		5.2		102.7		2.4

		Clomazone		79.5		7.7		79.1		8.1		79.2		2.4

		Triazophos		82.2		21.5		86.6		8.1		84.2		2.4

		Terbuthylazine		77.4		7.3		71.3		8.6		76.3		2.4

		Tetrachlorvinphose		78.3		22.9		81.2		9.6		78.4		2.4

		Kresoxim-methyl		91.9		14.4		87.2		9.8		85.6		2.4

		Napropamide		109.5		8.1		99.1		12.5		84.2		2.4

		Isocarbophos		85		12		82.3		13.2		84		2.4

		Dimethoate		68.5		16.5		70.6		14.4		82.8		2.4

		alpha-BHC		103.1		6.3		97.6		4.5		94		2.5

		Aldrin		104.7		9.3		103.5		7.4		89.4		2.5

		Dichlorobenzonitrile		87.1		6.3		80.2		8.6		79.3		2.5

		Formothion		76.2		18.2		76.5		9.5		77.2		2.5

		BHC-delta		91.7		2.7		87.6		9.6		83.2		2.5

		Metolachlor		84		11.9		82.3		9.6		82		2.5

		Fenchlorphos		72.1		17		69.9		19.7		66.9		2.5

		Dipropetryn		84.1		17.7		76.2		3.8		76		2.6

		Pretilachlor		97.5		10.6		79.5		5.6		79.7		2.6

		Aclonifen		72		23.1		72.8		8.8		75.5		2.6

		Fluazifop-butyl		88.3		18.4		81.2		10.3		78.5		2.6

		Chlorpyrifos-methyl		73.6		22.2		71.1		12.5		72.5		2.6

		Quinoxyfen		65.1		4.2		55.4		18.7		55.4		2.6

		Fensulfothion		100		7.9		92.4		20.2		93.8		2.6

		Benalaxyl		83.9		3.7		83.1		5.5		78.8		2.7

		Ethiolate		100.8		3.7		86.2		9.4		77.1		2.7

		Pirimiphos-methyl		80		8		80.3		9.8		79.4		2.7

		Ethion		76.4		19.5		76.1		12.8		70.4		2.7

		Fosthiazate		84.5		46.1		91.2		1.4		84.1		2.8

		Tebufenpyrad		82.8		14.9		68.7		5		68.4		2.8

		BHC-beta		99.5		4		95		6		85.7		2.8

		Cyprodinil		70.6		10.7		64.7		6.2		65.7		2.8

		Chlorobenzilate		78.4		7.3		77.8		8.6		77.2		2.8

		Flucythrinate II		85.5		22.8		71.9		9.9		70.2		2.8

		Trifloxystrobin		86.9		8.8		86.3		13.4		80.7		2.8

		DDD-p,p'		86		8.9		90.8		4.8		88.6		2.9

		Mefenacet		80.6		11.9		75.7		8.7		74		2.9

		Chlorfenvinphos		78.1		20.9		83.4		9.1		83.6		2.9

		Fludioxonil		71.8		30.2		80.3		9.7		75.7		2.9

		Malathion		88.3		21.8		86.5		10.5		83.2		2.9

		Benfluralin		80.4		23.8		73.9		13		81.9		2.9

		Atrazine-desethyl		74		24.1		67.8		5.1		85.8		3

		Flucythrinate I		85.7		18.8		74.5		10.5		70.1		3

		Phosmet		83.4		26.8		72.1		11.5		73.3		3

		Alachlor		77.4		16.5		82.5		14.3		80.8		3

		Beflubutamid		105.3		11.4		96.8		5.2		85.2		3.1

		Fluquinconazole		92.1		7.9		76.4		6		74.9		3.1

		Dicrotofos		65.2		10.6		70.6		7.3		98.7		3.1

		Fenthion sulfoxide		94		6.5		86.3		7.8		90.6		3.1

		Quinalphos		74.8		13.2		75.8		10.4		78.7		3.1

		Difenoconazole		97.9		24.7		72.5		7.2		61.7		3.2

		Methoprene		109.3		18.5		89.4		8.4		60.5		3.2

		Phosalone		84.5		9.5		75.7		8.8		76.3		3.2

		Tebupirimfos		76.6		15.2		73.4		9.7		71.7		3.2

		Fenvalerate II		77.2		12.6		65.1		10.8		61.1		3.2

		Profenofos		83.6		5.4		75.8		1.7		73.2		3.3

		Paclobutrazol		81.2		20.2		83.2		8.7		84		3.3

		Mepanipyrim		89.4		21.8		82.8		7.2		72.5		3.4

		Edifenphos		68.7		32.3		71.4		8.9		71.1		3.4

		Azinphos-ethyl		78.8		6		71.6		9		76.6		3.4

		Acrinathrin		71.8		19.6		62.1		15.4		65.7		3.4

		Anilofos		72.9		19.6		68.3		19.5		73.1		3.4

		Pyrimethanil		73.5		19.9		66.2		3.1		67.9		3.5

		Ethalfluralin		82.9		21.5		82.1		5.2		85.6		3.5

		Pyridaphenthion		94.7		30.8		82.3		6.9		80.1		3.5

		Terbufos sulfone		78.6		22.5		87.5		8.1		85.2		3.5

		Thionazin		82.2		5.4		88.6		1.8		85.4		3.6

		Phorate		77.9		8.5		69.2		4.6		79.8		3.6

		Isofenphos		85.1		15		83.8		17.3		82.4		3.6

		Carbophenothion		68.7		17.8		66.7		10.1		67.5		3.7

		Phorate sulfone		85.3		23		88.2		10.9		86.1		3.7

		Tebuconazole		74.5		21.7		77		12.5		76.2		3.7

		Bupirimate		78.5		17.1		83.4		18.7		77.5		3.8

		Permethrin		91.8		6.1		75.8		7.5		60.1		3.9

		Etridiazole		85.8		6.7		76.6		8.2		74.8		3.9

		Fenbuconazole		128.9		15.9		93.5		10		78.2		3.9

		Boscalid		76.5		18.1		70.8		10.1		69.8		3.9

		Famphur		78.6		15.8		78.3		11.7		75.6		3.9

		Vinclozolin		89.5		10.5		89.1		12.3		79.8		3.9

		Tetraconazole		85.3		14.8		87.5		5.7		85		4

		Fenpropathrin		94.4		16.5		71.4		16.1		69.9		4

		Diniconazole		75.2		25.3		80		7.7		77.3		4.2

		Fipronil		67		18.8		83.9		15.3		91.9		4.2

		Diclofop-methyl		92.4		8.1		74.6		15.6		73.3		4.2

		Ditalimfos		80.6		14.7		80.4		12.3		74.5		4.3

		Parathion-methyl		79.7		29.5		84		3.6		83.1		4.4

		Fenthion sulfone		73.2		21.8		84.9		6.1		82.3		4.4

		Propoxur		76.8		13.9		83.7		8		82		4.4

		Dioxathion		74.2		15.3		67.7		6.5		75.4		4.6

		Imazalil		142.6		6.7		89.1		13		67.1		4.6

		Pentachloroaniline		160.1		35.3		127.2		36.6		70.6		4.6

		Cyhalothrin		123.2		23.2		88.7		10.3		77.8		4.7

		Molinate		122.3		1.9		103.6		10.5		78.8		4.7

		Malaoxon		70.4		38.5		61		9		78.3		4.9

		Oxadixyl		77.3		17.7		88.2		3.4		80		5

		Ametryn		78.6		40.5		83		6.4		79.4		5.1

		Tecnazene		69.1		16.7		63.8		2.3		67.7		5.2

		Fenitrothion		71.1		26		73.5		5.2		77.3		5.3

		Procymidone		243.1		5.5		173.7		5.5		76.8		5.3

		Monocrotophos		64.4		15.3		55.4		10.3		74.4		5.3

		Profluralin		73.7		28.2		70		6.9		78.4		5.4

		Methamidophos		0				79.7		15.7		100		5.4

		Metalaxyl		72.6		15.3		88.2		2.8		84.3		5.5

		Dieldrin		122.8		12.3		103.3		9.1		95.9		5.6

		Acephate		/		/		131.5		9.8		74.1		5.6

		Triadimenol		68.3		28.8		71.2		15.3		81.6		5.6

		Metribuzin		74.8		16.8		78.6		7.9		85.5		5.7

		Fluorodifen		76.6		18.1		85.3		25		78.6		5.7

		Chlorpropham		105.2		9.3		86.7		12.5		74.7		6.1

		Terbutryn		73.1		9.7		73.2		13.4		73.6		6.2

		Deltamethrin		75.8		24.2		66.4		5.1		66.9		6.3

		Carbofuran		162.4		9.6		115		5.9		78.3		6.3

		EPN		68.5		14.8		75.1		10.5		73.3		6.3

		Atraton		114.6		9.1		110.4		3.8		95.1		6.4

		Isoxathion		78.8		9.4		63.1		25.7		63.8		6.9

		Diazinon		80.8		14.7		80.6		7.7		75.6		7

		Bifenox		67.7		6.3		71.7		28.6		66		7

		Butamifos		90		8.2		86.8		14.8		80.3		7.1

		Prothiofos		76.2		10		59.7		5.5		61.6		7.2

		Hexachlorobenzene		139.3		31.1		99.6		23.8		48.6		7.7

		Paraoxon-methyl		0				60.9		7.3		73.3		7.8

		Cyflufenamid		93.4		25.5		77		24.9		77.7		7.8

		Allethrin		/		/		79.2		17.4		89.5		8.1

		alpha-Endosulfan		291.7		10.3		186.8		7.9		58.8		8.2

		Iprodione		83.6		15.5		82.5		8.4		90.4		8.4

		Phosfolan		74.4		26.3		28.1		4.2		76.5		9.4

		Hexaconazole		79		5.1		84.2		10.6		93		9.5

		Omethoate		0				73		13.6		67.4		9.7

		Paraoxon		0				67.6		12.7		77.4		10.3

		Naled		95.3		13.7		82.6		13.3		80.7		10.8

		Oxyfluorfen		79.6		27.9		79.7		18.3		76.9		11

		Tetramethrin I		100.5		11.6		93.9		3.7		82.1		11.2

		Simazine		84.5		28.9		82.2		9.3		72.5		11.3

		Cypermethrin		/		/		105.4		9.1		59.8		11.8
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avocado_spikde_5ppb

		Compound		5ppb				10ppb				50ppb

		Name		recovery		RSD		recovery		RSD		recovery		RSD

		Triadimefon		89		20		89.5		7.6		86.6		0.3

		DDE-p,p'		103.5		2.3		92.3		7.9		88.9		0.3

		Dichloran		65.6		20.1		79.8		9.6		68.9		0.4

		Iprobenfos		62.9		29.2		77.2		5.9		82.3		0.5

		Cyproconazole		82.3		10.2		84.4		9.6		81.9		0.6

		Butachlor		79.5		10.3		90.7		11.4		78.2		0.6

		Etoxazole		86.2		12.5		73.5		4.3		66.5		0.7

		Phorate Sulfoxide		0				77.7		9.6		117.6		0.7

		Dichlorvos		84.6		1.2		86.7		10.6		81.5		0.7

		Bromacil		74.7		3.1		85		1.1		85		0.8

		Isofenphos oxon		64.3		26.4		81.5		5.5		82.3		0.8

		Chloroneb		82.7		4.1		78.9		6.6		76.5		0.8

		Fenobucarb		89		10.5		90.6		3.9		89.4		0.9

		Etrimfos		80.9		29.4		73.3		7.5		75.1		0.9

		Bromfenvinfos		84		13.1		87.7		13		82.9		0.9

		Dichlofenthion		73.3		16.1		73.8		5.2		73.2		1

		Bromophos-ethyl		62.6		5.5		54.1		8.5		61.5		1

		Chlorthiophos-1		81.3		13		71.4		8.9		71		1

		Chlordane-trans (gamma)		73.3		16		56.9		14.9		62.1		1

		Propetamphos		83.3		20.3		80.8		15.5		80.7		1

		Piperophos		78.6		11.4		83.3		16.8		76.5		1

		Pentachloronitrobenzene		58		6.8		59.7		2.2		60.4		1.1

		Propyzamide		73.1		15.5		70.2		6.1		77.5		1.1

		Chlorthiophos-2		78.7		11.2		71.4		8.8		71.2		1.1

		Tetradifon		79		3.8		65		4.1		63.6		1.2

		Pyrazophos		85.2		17.4		72.7		8.6		76.2		1.2

		Mephosfolan		67		18.2		84.5		9.3		89.5		1.2

		Isofenphos-methyl		82.8		14.2		85.3		12.1		83.6		1.2

		beta-Endosulfan		71.2		20.9		74.7		14.4		72.1		1.2

		DDT-p,p'		123.6		12.9		83.9		21.7		85.7		1.2

		Epoxiconazole		87.6		13.6		79.4		6.9		77.7		1.3

		Cyfluthrin		98.2		10.2		73		7.3		66		1.3

		Hexazinone		83.5		18.4		84.2		7.3		84.1		1.3

		Bifenthrin		71.6		10.6		63.1		8.4		63.7		1.3

		Thiobencarb		84.1		18.8		73.2		0.7		68.5		1.4

		Isoprothiolane		93.6		13.6		87.5		4.8		83.3		1.4

		Fenothiocarb		81		13.7		76.9		5.6		74.9		1.4

		Mevinphos		95.4		17.7		101.1		6.8		94.5		1.4

		Prometryn		73.5		22.6		76.3		9.5		75.4		1.4

		Chlorfenson		84.1		9		74.4		11.5		74.6		1.4

		Nitrofen		84.3		8.6		87.9		7		91		1.5

		Diphenylamine		74.2		14.3		71.4		11.1		73.2		1.5

		Fenarimol		103.1		8		84.9		12.9		80.8		1.5

		Fenvalerate I		70.8		20.7		61.6		12.9		58.7		1.5

		Fluvalinate-tau		86.3		29.9		62.5		18.7		63.4		1.5

		Ethofumesate		95		13.2		96.7		3.9		86.1		1.6

		Tribufos		77		7.7		70.6		4.6		66.4		1.6

		Pyriproxyfen		80.1		12.6		72.1		9.4		69.2		1.6

		DDT-o,p'		111.3		10.1		91.9		19		90.1		1.6

		Triallate		67.7		10.6		64.8		5.7		65.9		1.7

		BHC-gamma		103.5		7.8		91.5		7.7		89.6		1.7

		Propazine		80.2		7.5		79		8.2		77.8		1.7

		Phosphamidon		65.6		16.2		90.8		9.1		76.9		1.7

		Flutolanil		89.6		6.3		88.5		10.4		84.8		1.7

		Fenamidone		88.5		2.3		87.8		10.5		84.4		1.7

		Tetramethrin II		88.3		18.1		74.2		5.7		75.7		1.8

		Biphenyl		224.5		7.1		137.3		7.1		73		1.8

		DDD-o,p'		94.8		7.6		93.5		7.8		89.7		1.8

		Fenthion		68.9		19.6		73		10.2		70.4		1.8

		Myclobutanil		93.4		3.7		90.5		10.4		84.6		1.8

		Atrazine		72.9		20.4		71.9		12.5		79.3		1.8

		Desmetryn		76.3		13.1		72.1		13.2		80.7		1.8

		Propiconazole		85.7		6.1		86.2		14.1		79.5		1.8

		Bromophos		73.8		16.4		64.5		15.6		65.3		1.8

		Leptophos		62.8		5.8		53.3		10.6		53.7		1.9

		Coumaphos		72		19.8		87		4		68.6		2

		Ethoprophos		83.1		13.6		86.7		7.1		87.5		2

		Propanil		67.7		21.5		70.5		8.7		71.1		2

		Piperonyl butoxide		77.9		15.2		72.1		11.4		72.1		2

		Pendimethalin		82.9		28.9		68.8		12.1		70.8		2

		Sulfotep		85.8		11.7		86		6.3		84.5		2.1

		Methidathion		75.3		16.1		75.4		6.8		77.7		2.1

		Penconazole		89.2		10.9		82.1		7.2		84.3		2.1

		Cycloate		94.6		3.8		78.1		8.6		67.1		2.1

		Acetochlor		86.1		19.1		84.9		9.6		85.1		2.1

		Isoprocarb		107.2		5.8		93.6		10.1		89.9		2.1

		Fonofos		84.9		5.2		77.8		4.8		80.5		2.2

		Chlorpyrifos		80.3		2.1		71.7		6.7		71.8		2.2

		Pyridaben		73.4		15.6		63.2		9.2		63.6		2.2

		Pirimiphos-ethyl		78.4		23.4		72.9		11.4		73.3		2.2

		Isazophos		84.9		8.1		79.5		18.3		80.7		2.2

		Oxadiazon		88.7		2.4		80		4.1		78.9		2.3

		DDE-o,p'		102		3.7		95.2		5.6		89		2.3

		Pirimicarb		74.9		17.8		82.4		5.9		79.8		2.3

		Methacrifos		91.9		1.1		90.1		6.2		86.4		2.3

		Dicofol		79.3		10.6		69.3		7.1		63.1		2.3

		Parathion		97.1		13.5		89		7.6		88.1		2.3

		Tolclofos-methyl		73.3		10.6		73.9		9.7		71.8		2.3

		Bromopropylate		68.2		16		68.7		10.6		68.2		2.3

		Trichloronat		61.9		11.2		59		11.4		58.5		2.3

		Endrin		75.7		17.8		68.8		14.5		62.4		2.3

		Terbufos		75.5		11.8		73.6		3.3		76.8		2.4

		Monolinuron		67.6		8.2		97.8		5.2		102.7		2.4

		Clomazone		79.5		7.7		79.1		8.1		79.2		2.4

		Triazophos		82.2		21.5		86.6		8.1		84.2		2.4

		Terbuthylazine		77.4		7.3		71.3		8.6		76.3		2.4

		Tetrachlorvinphose		78.3		22.9		81.2		9.6		78.4		2.4

		Kresoxim-methyl		91.9		14.4		87.2		9.8		85.6		2.4

		Napropamide		109.5		8.1		99.1		12.5		84.2		2.4

		Isocarbophos		85		12		82.3		13.2		84		2.4

		Dimethoate		68.5		16.5		70.6		14.4		82.8		2.4

		alpha-BHC		103.1		6.3		97.6		4.5		94		2.5

		Aldrin		104.7		9.3		103.5		7.4		89.4		2.5

		Dichlorobenzonitrile		87.1		6.3		80.2		8.6		79.3		2.5

		Formothion		76.2		18.2		76.5		9.5		77.2		2.5

		BHC-delta		91.7		2.7		87.6		9.6		83.2		2.5

		Metolachlor		84		11.9		82.3		9.6		82		2.5

		Fenchlorphos		72.1		17		69.9		19.7		66.9		2.5

		Dipropetryn		84.1		17.7		76.2		3.8		76		2.6

		Pretilachlor		97.5		10.6		79.5		5.6		79.7		2.6

		Aclonifen		72		23.1		72.8		8.8		75.5		2.6

		Fluazifop-butyl		88.3		18.4		81.2		10.3		78.5		2.6

		Chlorpyrifos-methyl		73.6		22.2		71.1		12.5		72.5		2.6

		Quinoxyfen		65.1		4.2		55.4		18.7		55.4		2.6

		Fensulfothion		100		7.9		92.4		20.2		93.8		2.6

		Benalaxyl		83.9		3.7		83.1		5.5		78.8		2.7

		Ethiolate		100.8		3.7		86.2		9.4		77.1		2.7

		Pirimiphos-methyl		80		8		80.3		9.8		79.4		2.7

		Ethion		76.4		19.5		76.1		12.8		70.4		2.7

		Fosthiazate		84.5		46.1		91.2		1.4		84.1		2.8

		Tebufenpyrad		82.8		14.9		68.7		5		68.4		2.8

		BHC-beta		99.5		4		95		6		85.7		2.8

		Cyprodinil		70.6		10.7		64.7		6.2		65.7		2.8

		Chlorobenzilate		78.4		7.3		77.8		8.6		77.2		2.8

		Flucythrinate II		85.5		22.8		71.9		9.9		70.2		2.8

		Trifloxystrobin		86.9		8.8		86.3		13.4		80.7		2.8

		DDD-p,p'		86		8.9		90.8		4.8		88.6		2.9

		Mefenacet		80.6		11.9		75.7		8.7		74		2.9

		Chlorfenvinphos		78.1		20.9		83.4		9.1		83.6		2.9

		Fludioxonil		71.8		30.2		80.3		9.7		75.7		2.9

		Malathion		88.3		21.8		86.5		10.5		83.2		2.9

		Benfluralin		80.4		23.8		73.9		13		81.9		2.9

		Atrazine-desethyl		74		24.1		67.8		5.1		85.8		3

		Flucythrinate I		85.7		18.8		74.5		10.5		70.1		3

		Phosmet		83.4		26.8		72.1		11.5		73.3		3

		Alachlor		77.4		16.5		82.5		14.3		80.8		3

		Beflubutamid		105.3		11.4		96.8		5.2		85.2		3.1

		Fluquinconazole		92.1		7.9		76.4		6		74.9		3.1

		Dicrotofos		65.2		10.6		70.6		7.3		98.7		3.1

		Fenthion sulfoxide		94		6.5		86.3		7.8		90.6		3.1

		Quinalphos		74.8		13.2		75.8		10.4		78.7		3.1

		Difenoconazole		97.9		24.7		72.5		7.2		61.7		3.2

		Methoprene		109.3		18.5		89.4		8.4		60.5		3.2

		Phosalone		84.5		9.5		75.7		8.8		76.3		3.2

		Tebupirimfos		76.6		15.2		73.4		9.7		71.7		3.2

		Fenvalerate II		77.2		12.6		65.1		10.8		61.1		3.2

		Profenofos		83.6		5.4		75.8		1.7		73.2		3.3

		Paclobutrazol		81.2		20.2		83.2		8.7		84		3.3

		Mepanipyrim		89.4		21.8		82.8		7.2		72.5		3.4

		Edifenphos		68.7		32.3		71.4		8.9		71.1		3.4

		Azinphos-ethyl		78.8		6		71.6		9		76.6		3.4

		Acrinathrin		71.8		19.6		62.1		15.4		65.7		3.4

		Anilofos		72.9		19.6		68.3		19.5		73.1		3.4

		Pyrimethanil		73.5		19.9		66.2		3.1		67.9		3.5

		Ethalfluralin		82.9		21.5		82.1		5.2		85.6		3.5

		Pyridaphenthion		94.7		30.8		82.3		6.9		80.1		3.5

		Terbufos sulfone		78.6		22.5		87.5		8.1		85.2		3.5

		Thionazin		82.2		5.4		88.6		1.8		85.4		3.6

		Phorate		77.9		8.5		69.2		4.6		79.8		3.6

		Isofenphos		85.1		15		83.8		17.3		82.4		3.6

		Carbophenothion		68.7		17.8		66.7		10.1		67.5		3.7

		Phorate sulfone		85.3		23		88.2		10.9		86.1		3.7

		Tebuconazole		74.5		21.7		77		12.5		76.2		3.7

		Bupirimate		78.5		17.1		83.4		18.7		77.5		3.8

		Permethrin		91.8		6.1		75.8		7.5		60.1		3.9

		Etridiazole		85.8		6.7		76.6		8.2		74.8		3.9

		Fenbuconazole		128.9		15.9		93.5		10		78.2		3.9

		Boscalid		76.5		18.1		70.8		10.1		69.8		3.9

		Famphur		78.6		15.8		78.3		11.7		75.6		3.9

		Vinclozolin		89.5		10.5		89.1		12.3		79.8		3.9

		Tetraconazole		85.3		14.8		87.5		5.7		85		4

		Fenpropathrin		94.4		16.5		71.4		16.1		69.9		4

		Diniconazole		75.2		25.3		80		7.7		77.3		4.2

		Fipronil		67		18.8		83.9		15.3		91.9		4.2

		Diclofop-methyl		92.4		8.1		74.6		15.6		73.3		4.2

		Ditalimfos		80.6		14.7		80.4		12.3		74.5		4.3

		Parathion-methyl		79.7		29.5		84		3.6		83.1		4.4

		Fenthion sulfone		73.2		21.8		84.9		6.1		82.3		4.4

		Propoxur		76.8		13.9		83.7		8		82		4.4

		Dioxathion		74.2		15.3		67.7		6.5		75.4		4.6

		Imazalil		142.6		6.7		89.1		13		67.1		4.6

		Pentachloroaniline		160.1		35.3		127.2		36.6		70.6		4.6

		Cyhalothrin		123.2		23.2		88.7		10.3		77.8		4.7

		Molinate		122.3		1.9		103.6		10.5		78.8		4.7

		Malaoxon		70.4		38.5		61		9		78.3		4.9

		Oxadixyl		77.3		17.7		88.2		3.4		80		5

		Ametryn		78.6		40.5		83		6.4		79.4		5.1

		Tecnazene		69.1		16.7		63.8		2.3		67.7		5.2

		Fenitrothion		71.1		26		73.5		5.2		77.3		5.3

		Procymidone		243.1		5.5		173.7		5.5		76.8		5.3

		Monocrotophos		64.4		15.3		55.4		10.3		74.4		5.3

		Profluralin		73.7		28.2		70		6.9		78.4		5.4

		Methamidophos		0				79.7		15.7		100		5.4

		Metalaxyl		72.6		15.3		88.2		2.8		84.3		5.5

		Dieldrin		122.8		12.3		103.3		9.1		95.9		5.6

		Acephate		/		/		131.5		9.8		74.1		5.6

		Triadimenol		68.3		28.8		71.2		15.3		81.6		5.6

		Metribuzin		74.8		16.8		78.6		7.9		85.5		5.7

		Fluorodifen		76.6		18.1		85.3		25		78.6		5.7

		Chlorpropham		105.2		9.3		86.7		12.5		74.7		6.1

		Terbutryn		73.1		9.7		73.2		13.4		73.6		6.2

		Deltamethrin		75.8		24.2		66.4		5.1		66.9		6.3

		Carbofuran		162.4		9.6		115		5.9		78.3		6.3

		EPN		68.5		14.8		75.1		10.5		73.3		6.3

		Atraton		114.6		9.1		110.4		3.8		95.1		6.4

		Isoxathion		78.8		9.4		63.1		25.7		63.8		6.9

		Diazinon		80.8		14.7		80.6		7.7		75.6		7

		Bifenox		67.7		6.3		71.7		28.6		66		7

		Butamifos		90		8.2		86.8		14.8		80.3		7.1

		Prothiofos		76.2		10		59.7		5.5		61.6		7.2

		Hexachlorobenzene		139.3		31.1		99.6		23.8		48.6		7.7

		Paraoxon-methyl		0				60.9		7.3		73.3		7.8

		Cyflufenamid		93.4		25.5		77		24.9		77.7		7.8

		Allethrin		/		/		79.2		17.4		89.5		8.1

		alpha-Endosulfan		291.7		10.3		186.8		7.9		58.8		8.2

		Iprodione		83.6		15.5		82.5		8.4		90.4		8.4

		Phosfolan		74.4		26.3		28.1		4.2		76.5		9.4

		Hexaconazole		79		5.1		84.2		10.6		93		9.5

		Omethoate		0				73		13.6		67.4		9.7

		Paraoxon		0				67.6		12.7		77.4		10.3

		Naled		95.3		13.7		82.6		13.3		80.7		10.8

		Oxyfluorfen		79.6		27.9		79.7		18.3		76.9		11

		Tetramethrin I		100.5		11.6		93.9		3.7		82.1		11.2

		Simazine		84.5		28.9		82.2		9.3		72.5		11.3

		Cypermethrin		/		/		105.4		9.1		59.8		11.8
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		recovery		5ppb		10ppb		50ppb				RSD		5ppb		10ppb		50ppb

		≤50%		0		0		1				≤5%		18		29		186

		50-60%		1		8		6				5-10%		64		132		33

		60-70%		24		29		39				10-20%		99		57		6

		70-80%		75		80		95				≥20%		36		7		0

		80-90%		67		72		69						217		225		225

		90-100%		23		23		13

		100-120%		15		7		2

		≥120%		12		5		0

				217		224		225

		recovery		5ppb		10ppb		50ppb				RSD		5ppb		10ppb		50ppb

		≤50%		0.0		0.0		0.4				≤5%		8.3		12.9		82.7

		50-60%		0.5		3.6		2.7				5-10%		29.5		58.7		14.7

		60-70%		11.1		12.9		17.3				10-20%		45.6		25.3		2.7

		70-80%		34.6		35.7		42.2				≥20%		16.6		3.1		0.0

		80-90%		30.9		32.1		30.7

		90-100%		10.6		10.3		5.8

		100-120%		6.9		3.1		0.9

		≥120%		5.5		2.2		0.0

				82.9		81.3		79.6						37.8		71.6		97.3
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