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PESTICIDES

BENEFITS RISKS

More and better Biocides
Foods (Made to Kill)

• Crops free of pests with minimun losts (prevention of  
losts in the order of 30-40%).

• Improvement of the food supply to the world 
population (> 6,000 millions growing at 94 
millions/year).

• Reduction of natural toxins levels in crops, produced
by bacteria and fungui (i.e.: improvement of food 
safety).

Pesticides / Plant Protection Products
BENEFITS



• Risks associated to farmers (working risks).

• Risks associated to fauna and the environment
(environmental risks).

• “Inevitable” presence of PESTICIDE 
RESIDUES in the treated foods                 
(food safety risks).

Pesticides / Plant Protection Products
RISKS

Typical Behaviour of Pesticide Residues in Treated Cro ps



PESTICIDES

BENEFITS RESIDUES

More and better Harmful to the 
Foods human health?

Take a decision after RISK EVALUATION

“I would prefer to find in a supermarkek a lettuce
containing 0.1 part per million (ppm) of a pesticide
residue rather than discovering in it a cockroach 
with 40-50 infectious microorganisms hidden
amongst its legs”

* Prof. Ben Kantack (entomologist)



Total of Alert Notifications : 433

- Microbiological: 30%

- Chemical (dioxins, micotoxins, etc.): 30%

- Residues of Vet Drugs: 21%

- Pesticide Residues: 10%

- Others: 9%

EU “Rapid Alert System for Food and Feed”

Reasons for Alert Notification in 2002

SAFE FOOD

Is it that containing “zero” amount
of toxic subtances?: ....

___________________________________________________________________
FOOD “NATURAL” TOXIC EFFECTS
______________________________________________________

Pepper Piperine Mutagenic

Apple Floridine Glicosuria

Coffee Catecols DNA Structure

Chips Acrilamide Neurotoxic

Grilled Meat Benzopyrene Carcinogenic
___________________________________________________________________



SAFE FOOD

Food that does not contain any “toxic”substance

at levels

which can be harmful to the consumer health

èèèè Food that only contain those pesticides which have
been appropiately evaluated to establish what residue 
levels are not harmful to the consumer health (safety
levels).

èèèè Of course, residue levels of these pesticides in a safe 
food must be lower than the “safety levels” established. 

èèèè These “Safety Levels” are named Maximun Residue 
Limits (MRLs)

SAFE FOOD and PESTICIDE RESIDUES



EVALUATION AND CONTROL OF PESTICIDE
RESIDUES IN FOODS

(FACTORS TO TAKE INTO ACCOUNT)

- Toxicological

- Agronomic

- Chemical -Analytical     

- Legislative

- Socioeconomic

PESTICIDE RESIDUES

Toxicological Agronomic
Evaluation Evaluation

ADI / “Acute RfD” MRL

Intake Estimations
¿Are the proposed MRLs
toxicologicaly admissible?

CONTROL



Residue Definition

� Substances that are to be included in the residue 
analyisis of a given pesticide (parent compound, 
metabolites, reaction products, etc.)

� Factors to include a pesticide derivative:
* Expected levels in foods
* Toxicological evaluation
* Analytical method
* Estimated Cost

EndosulfanEndosulfan Cl
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Cl

Cl
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O
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Cl
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Examples of Residue Definitions

Sum of Endosulfan I, Endosulfan II
and Endosulfan sulfate, expressed
as Endosulfan



Sum of Malathion y Malaoxon, 
expressed as Malathion

MalathionMalathion

Examples of Residue Definitions

CarbendazimCarbendazim, , Benomyl and MethylBenomyl and Methyl--ThiophanateThiophanate

Sum of Benomyl, Carbendazim
and Methyl-Thiophanate, expressed
as Carbendazim

Examples of Residue Definitions



DithiocarbamatesDithiocarbamates

Sum of Dithiocarbamates,
expressed as carbon disulphide

C NS

S

Examples of Residue Definitions

BuprofezinBuprofezin

Buprofezin

Examples of Residue Definitions



Residue Definition

� Current Limitation : Residue control of many 
pesticides with a complex residue definition is 
carried out, in most of the laboratories, by 
analysing just the parent compound.

� Very few laboratories in Spain determine Malaoxon
when they analyse Malathion residues

� For some pesticides (i.e.: Imidacloprid, Vinclozolina, 
etc.), most of the control laboratries around the world
do not analyze all the compounds included in their 
residue definition.

Residue Definition:
Sum of Imidacloprid and 6-chloronicotinic acid, 
expressed as 6-chloronicotinic acid

Residue Analysis:
Only Imidacloprid is determined and the result is
expressed in mg/kg of Imidacloprid

N

Cl

N

NH

N NO2

Mw = 255

Imidacloprid
Imidacloprid



Residue Definition:
Sum of Vinclozolin and its metabolites containing
3,5-dichloroanilin, expressed as Vinclozolin

Residue Analysis:
Only Vinclozolin is determined

N

Cl

Cl

O

O

CH3

CH CH2

VinclozolinVinclozolin

Sugestions to Solve  the Problem
“Residue Definition / Residue Analysis”

� To apply more rigorously the CODEX recommendation: 
Inclusion of metabolites in the residue definition only 
when it is absolutely necessary.

� To try to simplify the residue definition for these 
pesticides by including some correction factors at the
time of establishing the MRLs.

� To take more into account the real analytical capacities 
of the control laboratories to fix the residue definition.



PESTICIDE RESIDUES

Toxicological Agronomic
Evaluation Evaluation

ADI / “Acute RfD” MRL

Intake Estimations
¿Are the proposed MRLs
toxicologicaly admissible?

CONTROL

Analytical Methodologies Used in
Pesticide Residue Control



Scope of the Methods Used in the Control of 
Pesicide Residues

� Pesticides / Foods capable of being analyzed

� Multirresidue Methods:
* Large number of pesticides
* Diferent types of foods
* Large range of concentrations

� There is not an “universal” multirresidue method 
capable of analysing all the possible combinations 
pesticide/food

Multirresidue Methods

Extracción

Clean-up

GC LC

NPD - FPD - PFPD - ECD UV/DAD/FluorescenceMS

Sample Preparation

Extraction



General Methodology for Multirresidue
Analysis of Pesticides

- EXTRACTION Acetonitrile (Mills)
Acetone (Luke)
Ethyl Acetate (Andersson)

- "CLEAN-UP" Liquid-Liquid Partition
GPC
SPE

- DETERMINATION GC-ECD/NPD/FPD/MS
HPLC-UV/FL/MS

- CONFIRMATION GC-MS
HPLC-MS
Aplication of a 2º method

Multirresidue Methods / Determination Step

Gas Chromatography (GC)

GC-ECD Organohalogen 
Pyrethroides
Dithiocarbamates (S2C)
Chlorofenoxy acids (after derivatization)
Fenyl-ureas (after derivatization)

GC-NPD Organophosphorus 
OrganoNitrogen

GC-FPD Organophosphorus (modo P)

Organos ulfur (modo S)

GC-MS Most of the GC-amenable



Liquid Chromatography (LC)

LC-FL/UV N-Methylcarbamates (RPC-OPA/FL)
Phenylureas (RPC-OPA/FL)
Benzoylphenylureas (UV)
Chlorofenoxy Acids (UV)
Benzymidazols (UV/FL)

LC-MS ¿All?

Non-Chromatographic Methods

Colorimetric Dithiocarbamates
(S2C)  

Multirresidue Methods / Determination Step

MÉTODO MULTIRRESIDUOS

MUESTRA

Moler y Tamizar

Extraer con Polytron 
(1 min)

15 g muestra
3 g Na2SO4

100 ml AcOEt

Centrifugar y Filtrar 
Centrifugar 5 min (4500 rpm)

Decantar y Filtrar 
usando filtro de papel

Concentrar y Redisolver
Concentrar hasta 1 ml en rotavapor

Redisolver en 5 ml  AcOEt:Ciclohexano (1+1)
(Extracto de 3 g muestra/ml)

Clean-Up GPC
1 ml de extracto de 3 g muestra/ml

Recoger fracción 18-38 ml y concentrar
Redisolver en 2 ml AcOEt:Ciclohexano (1+1)

(Extracto de 1.5 g muestra/ml)

CG-ECD
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ANÁLISIS CROMATOGRÁFICO: GC Varian 3800

Varian 8200

Varian 3800

ECD
300 ºC

AS 8400/1079
250 ºC

1 mmmml Split/Splitless
(1:35 y 0.75 min)

Gas Portador
He 1 ml/min

Precolumna
5 m x 0.25 mm

Columna Capilar
DB-5MS

30 m x 0.25 mm
0.25 mmmmm film 
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T ºC Programa de Tª de Columna

ANÁLISIS GC/MS
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BP 235 (214287=100%)
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p,p'-DDTCAS No. 789-02-6, C14H9Cl5, MW 352

p,p´-DDT

Ref. NIST

Cromatógrafo de Gases Varian
3400 con Detector de Trampa 
de Iones (GC-ITD) Saturn 3 y 
Autosampler 8200 Cx
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Analysis LC/MS-MS:100 ppb in pepper

Coelution of 6 pesticides in one segment

5ppb in pepper

Total



Multirresidue Analysis (New Trends: QuEChERS)

Extracción

Clean-up

GC LC

NPD - FPD - PFPD - ECD UV/DAD FluorescenciaMS

Sample Preparation

Extraction

Small Amounts (15 g)

Acetonitrile

Solid Phases

QuEChERS Method
Quick, Easy,Cheap,Effective,Rugged, Safe

Multiresidue Analysis of Pesticides
in Fruits and Vegetables (< 2 % fat)

EXTRACTION: Acetonitrile (HAc/NaAc) + MgSO4

CLEAN-UP: “Dispervive SPE” (PSA + MgSO4)

DETERMINATION: GC/MS-MS and LC/MS-MS



2002-2003: Lehotay & Anastassiades (Development and Introduction)

2004: Lehotay, Anastassiades and others(Validation > 300 pesticides)

2004:Lehotay(buffered method, toluene for GC)

2004: Lehotay(low fatty matrices)

2004-2005: Lehotay(AOAC Collaborative Study)

QuEChERS Method
Quick, Easy, Cheap, Effective, Rugged, Safe

# Anastassiades, Lehotay, Štajnbaher, & Schenck, “Fast and Easy Multiresidue Method for the
Determination of Pesticide Residues in Produce by Acetonitrile Extraction/Partitioning and Dispersive
Solid-Phase Extraction” J. AOAC Int. 86, 412-431 (2003).

# Anastassiades, Maštovská, & Lehotay, “Evaluation of Analyte Protectants to Improve Gas
Chromatographic Analysis of Pesticides” J. Chromatogr. A, 1015, 163-184 (2003).

# Maštovská & Lehotay, “Evaluation of common organic solvents for gas chromatographic analysis and
stability of multiclass pesticide residues” J. Chromatogr. A, 1040, 259-272 (2004).

# Schenck & Hobbs,  “Evaluation of the Quick, Easy, Cheap, Effective, Rugged and Safe (QuEChERS)
Approach to Pesticide Residue Analysis” Bull. Environ. Contam. Toxicol. 73, 24-30 (2004).

QuEChERS Publications

# Lehotay, de Kok, Hiemstra, & van Bodegraven, “Validation of a Fast and Easy Method for the 
Determination of 229 Pesticide Residues in Fruits and Vegetables Using Gas and Liquid 
Chromatography and Mass Spectrometric Detection” J. AOAC Int. 88, 595-614 (2005).

# Lehotay, Maštovská, & Lightfield, “Use of buffering to improve results of problematic pesticides in a 
fast and easy method for residue analysis of fruits and vegetables” J. AOAC Int. 88, 615-630 (2005).

# Lehotay, Maštovská, & Yun, “Evaluation of Two Fast and Easy Methods for Pesticide Residue 
Analysis in Fatty Food Matrices” J. AOAC Int. 88, 630-638 (2005).

# Lehotay, “Quick, Easy, Cheap, Effective, Rugged and Safe (QuEChERS) Approach for Determining 
Pesticide Residues” In Methods in Biotechnology, Pesticide Analysis, J.L. Martinez-Vidal and G. 
Frenich (Eds.), Humana Press, Totowa, NJ, 2005, pp. 239-261.



Comminute >1 kg sample with vertical cutter.
Homogenize »»»»200 g subsample with probe blender.

Transfer 15 g subsample to 50 mL Teflon tube.

Add 15 mL 1%Hac in MeCN + 1.5 g anh. NaAc
+ 6 g anh. MgSO 4 + 75 µL I.S. solution.

Shake vigorously for 1 min.
Centrifuge >1500 rcf for 1 min.

Transfer 1-8 mL to tube with 150 mg anh. MgSO 4
+ 50 mg PSA per mL extract and shake for 30 s.

Transfer 0.5-1 mL extract to GC vial and add TPP.
Transfer 0.15-0.3 mL to LC vial and

add e.g. 0.45-0.9 mL 6.7 mM formic acid.

Centrifuge >1500 rcf for 1 min.

Analyze by (LVI/)GC/MS and LC/MS-MS

Transfer 4 mL from Step 10 to grad. cent. tube.
Add 0.4 mL TPP Sol’n and 1 mL toluene.

Transfer 0.25 mL from Step 10 to LC vial.
Add TPP and e.g. 0.86 mL 6.7 mM formic acid.

Evaporate at 50°C with N 2 to 0.3-0.5 mL. 
Add toluene to make 1 mL.

Add 0.2 mL anh. MgSO 4 and swirl >6 mL mark.

Centrifuge >1500 rcf for 1 min.
Transfer »»»»0.6 mL to GC vial.

0.

1,2.

3-5.

6,7.

8,9.

10.

11-15A.

11-14B.

15-16B.

17-19B.

20B.

16A/21B.

Step Procedure
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Step ProcedureQuEChERS Method
(AOAC Collaborative Study)
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Designed by United Chemical 
Technologies

For Use With The Quecher’s Method*

*Quick, Easy, Cheap, Effective, Rugged and 
Safe Approach for Determining Pesticide 
Residues By Steven J. Lehotay

Micro-centrifuge tubes with packing

Each 2mL micro-centrifuge tube contains
150mg Anhydrous Magnesium Sulfate and
50mg PSA n-2 aminoethyl.



ü Mary O’Neil, Josée Tully, et al. – Canadian Pesticide Management 
Regulatory Agency (PMRA); Ottawa, Canada

ü Antonio Valverde & Mariano Contreras – University of Almería and 
Coexphal; Almería, Spain

ü Hans Mol – TNO Nutrition & Food Research; Utrecht, The Nether lands
ü Günter Lach, et al. – Dr. Specht and Partner; Hamburg, Germany
ü Richard Fussell et al. – Central Science Laboratory (CSL); York, UK
ü KateI ina Maštovská – USDA ARS Eastern Regional Research Center; 

Wyndmoor, PA; USA
ü Mette Erecius Poulsen et al. – Danish Institute for Food and Veterinary 

Research; Soeborg, Denmark
ü Joanne Cook, Amy Brown, & Walter Hammack – Florida Department of 

Food and Consumer Services (FDACS); Tallahassee, FL ; USA
ü Lutz Alder & Karen Lindtner - Institute for Risk Assessment (BfR); 

Berlin, Germany
ü Miguel Gamón et al. – General Food Laboratory of Valenciana; Spain
ü Marvin Hopper – FDA Total Diet Study Res. Center; Lenexa, KS; USA
ü André de Kok, et al. – (VWA KvW); Amsterdam, The Netherlands
ü Frank Schenck; Alesia Parker, et al. – FDA ORA Southeast Regional 

Laboratory (SERL); Atlanta, GA; USA

Collaborators Labs

- 4 USA
- 2 Spain
- 2 Germany
- 2 Holland
- 1 Denmark
- 1 Canada
- 1 UK
Total: 13

AOAC Collaborative Study
QuEChERS Method

(Study Director: Steven J. Lehotay)

MATRICES: Orange, Grapes, Lettuce

PESTICIDES: 20 “fortified” + 6 “incurred” + 1 QC Homogeinity

“TEST” SAMPLES:7 per matrix

CONCENTRATION RANGE: 10 ng/g - 1000 ng/g

AOAC Collaborative Study

(Study Director: Steven J. Lehotay)

Inter-laboratory validation of the “buffered” QuEChERS method



GC4.83fortifiedHtrifluralin
GC and LC3.90fortifiedFtolyfluanid
GC and LC2.39Incurred (orange)Fthiabendazole
GC and LC3.7fortifiedFtebuconazole

LC-0.18fortifiedIpymetrozine (n.a.)
GC and LC3.14fortifiedFprocymidone

GCIncurred (orange)Fo-phenylphenol
GC6.1Incurred (lettuce)Ipermethrin
LC0.093fortifiedImethomyl

GC and LC-0.8fortifiedImethamidophos
GC and LC3.00fortifiedHlinuron (n.a.)
LC and GC3.4Incurred (grapes)Fkresoxim-methyl

LC0.57fortifiedIimidacloprid
LC3.82fortifiedFimazalil (n.a.)

GC and LCIncurred (orange)Iethion
GC3.6fortifiedIendosulfan sulfate
GC6.02fortifiedIo,p'-DDD (n.a.)

GC and LC1.9fortifiedIdichlorvos
GC and LC4.0fortifiedFcyprodinil

GC6.9Incurred (lettuce)I� -cyhalothrin
GC and LC4.24QC homogeinityIchlorpyrifos-methyl
GC and LC4.7fortifiedIchlorpyrifos

GC2.92fortifiedFchlorothalonil
GC and LC1.59fortifiedIcarbaryl

GC>6fortifiedIbifenthrin
LC and GC2.5fortifiedFazoxystrobin
GC and LC2.5fortifiedHatrazine
AnalysispK owClassUsePesticide

Spiking levels in the 15 g grapes “Test” samples
(unknown for the collaborators labs)

Grape Test Sample
Pesticide 1 2 3 4 5 6 7

 atrazine 10 --- 400 400 50 10 50
 azoxystrobin --- 10 200 200 10 100 100
 bifenthrin 1000 1000 10 10 100 100 ---
 carbaryl 50 1000 10 1000 10 50 ---
 chlorothalonil 10 75 75 200 200 --- 10
 chlorpyrifos 10 --- 10 80 500 80 500
 cyprodinil --- 500 10 150 500 150 10
 dichlorvos 100 100 10 --- 10 300 300
 o,p'-DDD 500 10 10 --- 50 500 50
 endosulfan sulfate 10 --- 150 500 150 500 10
 imazalil 550 75 75 10 10 --- 550
 imidacloprid 225 45 45 10 225 10 ---
 linuron 100 1000 10 10 100 1000 ---
 methamidophos --- 10 100 100 1000 1000 10
 methomyl 200 200 --- 50 10 50 10
 pymetrozine 500 75 500 75 10 --- 10
 tebuconazole 10 500 75 75 500 --- 10
 tolylfluanid 200 200 10 10 --- 50 50
 trifluralin --- 10 75 75 10 500 500
 procymidone --- 75 500 500 75 10 10

7 Test samples = one blank + six at 10 –1,000 ng/g at 3 paired levels



Others Compounds to be analyzed

1) d10-Parathion: Internal Standard(IS)

2) d6-aaaa-HCH: Internal Standard(IS)

3) TPP: analytical QC

Results form for QuEChERS Collaborative Study Feb-April, 2004 Lab: ALM
#: 4

Date of Sample Receipt: 12-feb-2004
Storage Temperature: -20 deg C

Sources of Reagents: MgSO4 Prolabo heated to 500 deg C? YES Purity: 98%
NaAc Panreac anhydrous or x3 H2O? anh. Grade: PRS
HAc Panreac grade: PRS
PSA Varian

Extract vol. taken for d-SPE: 8 mL Extract vol. taken for LC/MS-MS: 0,15 mL
injection solvent: MeCN

Type of centrifuge for initial extracts: Selecta swing-out benchtop (50 mL tubes) Setting: 3700 rpm = 2500
Type of centrifuge for d-SPE:Selecta swing-out benchtop (15 mL tubes) Setting: 3700 rpm = 2500

Notes on handling extracts for analysis: 
a) The extract volume taken for d-SPE was 8 mL, but we used Optinon A for handling extracts for Analysis
b) 1 mL final extract from dispersive-SPE tubes was transfered to AS vials for LVI/GC/MS, doubling all volumes given the protocol for Option A (12A-13A)
c) LC/MS-MS vials were prepared by mixing 0,15 mL extract from GC/MS vials and 0,15 mL reservoir A mixture

Materials for the Extraction Step in Lab #4 (Univ. Almeria/Coexphal)



Retention gap: 1,5 m Carrier gas: He Flow rate: 1.0 mL/min or constant pressure: x psi
Injection vol.: 10 uL Injection solvent: MeCN Liner type: LVI with carbofrit packing

Initial Inj. T: 70 deg C  for 0,5 min ramped to 300 deg C  at 100 deg C/min  and held 27,2 min
Venting: open for 0,5 min, close until 3,50 min then split r atio 100

Initial Oven T: 70 deg C  for 3,5 min ramped to 180 deg C  at 25 deg C/min hold 10 min
and then to 300 deg C  at 4 deg C/min,  then to deg C  at deg C/min
and held for 7,1 min 280 deg C transfer line temp Total run time: 55 min

MS Conditions: MS2 mode EI/CI ionization POSITIVE 1700 V multiplier voltage

Segment rt pesticide Parent Ion Quant. Ion MODE
2 7,29 DICHLORVOS 221 145 CI-MS2
2 7,33 METHAMIDOPHOS 142 126 CI-MS2
3 9,31 O-PHENYLPHENOL 171 153 CI-MS2
4 10,52 TRIFLURALIN 336 232 CI-MS2
5 11,22 D6-HCH 224 187 EI-MS2
5 12,11 ATRAZINE 215 200 EI-MS2
6 13,27 CHLOROTHALONIL 266 133:135 EI-MS2
7 14,86 CHLORPYRIFOS-METHYL 286 208 EI-MS2
9 17,98 CHLORPYRIFOS   314 258 EI-MS2
9 18,33 D10-PARATHION 301 271 EI-MS2

10 20,62 CYPRODINIL 224 208 EI-MS2
10 20,97 TOLYFLUANID 238 137 EI-MS2
11 21,84 PROCYMIDONE 283 95:99+215 EI-MS2
14 25,53 KRESOXIM-METHYL 206 132 EI-MS2
14 27,26 ETHION 231 175 EI-MS2
16 28,82 ENDOSULFAN SULFATE 387 285:291 EI-MS2
17 30,12 TEBUCONAZOLE 250 125 EI-MS2
17 30,27 TPP 326 169 EI-MS2
18 31,93 BIFENTHRIN 181 165 EI-MS2
20 34,72 L-CYHAHLOTHRIN 181 152 EI-MS2
21 36,81 PERMETHRIN 183 165 EI-MS2

 GC Column : DB5-MS (30 m x 0.25 mm x 0.25 um)
GC/MS Instrument : VARIAN SATURN 2000/GC CP-3800/AUTOSAMPLER 8100

GC/MS-MS Analysis in Lab #4 (Univ. Almeria/Coexphal)

LC/MS-MS InstrumentVARIAN 1200 MS/ GRADIENT PUMP VARIAN PRO STAR/ AUTO SAMPLER 410

LC Conditions
Column type: C-18 Length: 15 cm i.d.: 2 mm Particle Size: 3 um

Guard column:  2 mm i.d., 3 um C-18 Flow rate: 0.2 mL/min
Injection vol.: 10 uL Reservoir A: 2 mM ammonium formate, 0,1% formic ac. in waterReservoir B: MeOH:MeCN (25:75)

Gradient program:

time(min) %A
0 95
3 65

10 58
12 35
24 30
28 0

Re-equilibration:
33 0
35 95
45 95

MS-MS Conditions: MRM mode ESI + ionization 1500 V multiplier voltage
60 deg C housing  temp 5000 V ionspray potential 25-60 V capillary voltage

seg rt pesticide Parent Ion Quant. Ion others
1 6,18 Thiabendazole 202 131 143,202
1 6,35 Metomilo 163 88 106,163
2 7,47 Imidacloprid 256 175 128,256
3 13,06 Carbaryl 202 145 127,202
4 16,53 Azoxistrobin 372 329 344,172
5 21,09 TPP 327 215 152,327

LC/MS-MS Analysis in Lab #4 (Univ. Almeria/Coexphal)



Chromatographic Sequence

1) 0 - STD (matrix blank)
2) 250 ng/g STD
3) 10 ng/g STD
4) Test Sample #1
5) Test Sample #2
6) Test Sample #3
7) Test Sample #4
8) 5 ng/g STD

9)    50 ng/g STD
10) Test Sample #5
11) Test Sample #6
12) Test Sample #7
13)  QC Spike (200 ng/g)
14)  100 ng/g STD
15)  1000 ng/g STD
16) Reagent Blank

Tebuconazole Added Calculated
Conc. Signal Conc.

Sample (ng/g) (vs. I.S.) (ng/g) %Recovery
0-Std 0 0,000 2,4

5 ng/g Std 5 0,178 5,1 103%
10 ng/g Std 10 0,482 9,9 99%
50 ng/g Std 50 3,060 50,0 100%

100 ng/g Std 100 5,851 104 104%
250 ng/g Std 250 13,214 244 98%

1000 ng/g Std 1000 53,128 1001 100%
Orange Test #1 200 9,339 170 85%
Orange Test #2 200 8,415 153 76%
Orange Test #3 0,000
Orange Test #4 10 0,425 9,0 90%
Orange Test #5 10 0,375 8,2 82%
Orange Test #6 50 1,810 30,6 61% Hi Range: Slope = 0,052702594 per ng/g
Orange Test #7 50 2,313 38,4 77%  Y-Intercept = 0,367

QC Spk 200 12,187 224 112% Overall Recovery = 78% 12% RSD

Tebuconazole Calibration

y = 0,0527x + 0,3673

R2 = 0,9999
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Tebuconazole Calibration

y = 0,0642x - 0,151
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QuEChERS Collaborative Results
(Lab # 4)

ORANGE/Tebuconazole (GC/MS-MS)
(Fortified)



Imidacloprid Added Calculated
Conc. Conc.

Sample (ng/g) Signal (ng/g) %Recovery
0-Std 0 0 -1,3

5 ng/g Std 5 508 5,5 111%
10 ng/g Std 10 794 9,4 94%
50 ng/g Std 50 3802 50,1 100%

100 ng/g Std 100 7896 112 112%
250 ng/g Std 250 16000 240 96%

1000 ng/g Std 1000 64050 1001 100%
Orange Test #1 100 5340 71,2 71%
Orange Test #2 1000 54830 855 86%
Orange Test #3 0
Orange Test #4 10 863 10,3 103%
Orange Test #5 100 6238 85,4 85%
Orange Test #6 10 849 10,1 101% Hi Range: Slope = 63 per ng/g
Orange Test #7 1000 58360 911 91%  Y-Intercept = 849

QC Spk 200 13780 205 102% Overall Recovery = 90% 12% RSD

Imidacloprid Calibration

y = 63,108x + 849,37

R2 = 0,9996
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Low Range: Slope = 73,96712 per ng/g
 Y-Intercept = 99

Imidacloprid Calibration

y = 73,967x + 98,712

R2 = 0,9995
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ORANGE/Imidacloprid (LC/MS-MS)
(Fortified)

Cyprodinil Added Calculated
Conc. Signal Conc.

Sample (ng/g) (vs. I.S.) (ng/g) %Recovery
0-Std 0 0,000 1,4

5 ng/g Std 5 0,204 5,7 114%
10 ng/g Std 10 0,380 9,4 94%
50 ng/g Std 50 2,302 49,7 99%

100 ng/g Std 100 4,706 100 100%
250 ng/g Std 250 11,343 248 99%

1000 ng/g Std 1000 45,397 1000 100%
Lettuce Test #1 10 0,307 7,9 79%
Lettuce Test #2 1000 36,550 805 80%
Lettuce Test #3 50 1,813 39,5 79%
Lettuce Test #4 10 0,298 7,7 77%
Lettuce Test #5 50 1,837 40,0 80%
Lettuce Test #6 1000 41,800 921 92% Hi Range: Slope = 0,0452741 per ng/g
Lettuce Test #7 0,000  Y-Intercept = 0,109

QC Spk 200 9,523 208 104% Overall Recovery = 81% 6% RSD

Cyprodinil Calibration

y = 0,0453x + 0,1085
R2 = 1
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Low Range: Slope = 0,047662 per ng/g
 Y-Intercept = -0,068

Cyprodinil Calibration

y = 0,0477x - 0,0681
R2 = 0,9998
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LETTUCE/Cyprodinil (GC/MS-MS)
(Fortified)



Azoxystrobin Added Calculated
Conc. Conc.

Sample (ng/g) Signal (ng/g) %Recovery
0-Std 0 0 -2,0

5 ng/g Std 5
10 ng/g Std 10 1650 10,1 101%
50 ng/g Std 50 7068 49,8 100%

100 ng/g Std 100 13940 102 102%
250 ng/g Std 250 29530 245 98%

1000 ng/g Std 1000 111000 995 99%
Grape Test #1
Grape Test #2 10 1177 6,7 67%
Grape Test #3 200 20840 166 83%
Grape Test #4 200 19360 152 76%
Grape Test #5 10 1410 8,4 84%
Grape Test #6 100 11840 82,7 83% Hi Range: Slope = 109 per ng/g
Grape Test #7 100 12820 91,7 92%  Y-Intercept = 2846

QC Spk 200 21870 175 88% Overall Recovery = 81% 10% RSD

Azoxystrobin Calibration

y = 108,7x + 2338,2
R2 = 0,9999
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Low Range: Slope = 136,5918 per ng/g
 Y-Intercept = 268

Azoxystrobin Calibration

y = 136,59x + 267,77
R2 = 1
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Grapes/Azoxistrobin (LC/MS-MS)
(Fortified)
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Tolylfluanid Added Calculated
Conc. Signal Conc.

Sample (ng/g) (vs. I.S.) (ng/g) %Recovery
0-Std 0 0,000 1,3

5 ng/g Std 5 0,043 4,7 93%
10 ng/g Std 10 0,114 10,4 104%
50 ng/g Std 50 0,611 50,0 100%

100 ng/g Std 100 1,382 101 101%
250 ng/g Std 250

1000 ng/g Std 1000 14,722 1000 100%
Lettuce Test #1 100 0,046 5,0 5%
Lettuce Test #2 0,000
Lettuce Test #3 10 0,000
Lettuce Test #4 1000 2,819 198 20%
Lettuce Test #5 100 0,179 15,5 16%
Lettuce Test #6 10 0,000 Hi Range: Slope = 0,0148397 per ng/g
Lettuce Test #7 1000 1,720 124 12%  Y-Intercept = -0,117

QC Spk 200 2,388 169 84% Overall Recovery = 13% 41% RSD

Tolylfluanid Calibration

y = 0,0148x - 0,117
R2 = 1
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Tolylfluanid Calibration
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LETTUCE/Tolylfluanid (GC/MS-MS)
(Fortified)
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Permethrins Added Calculated
Conc. Signal Conc.

Sample (ng/g) (vs. I.S.) (ng/g) %Recovery
0-Std 0 0,000 2,3

5 ng/g Std 5 0,178 9,1 182%
10 ng/g Std 10 0,233 11,2 112%
50 ng/g Std 50 1,251 50,4 101%

100 ng/g Std 100 2,475 98 98%
250 ng/g Std 250 6,460 251 100%

1000 ng/g Std 1000 27,951 1078 108%
Lettuce Test #1 3,175 124,5
Lettuce Test #2 3,050 119,7
Lettuce Test #3 3,152 123,6
Lettuce Test #4 3,169 124,2
Lettuce Test #5 3,401 133,1
Lettuce Test #6 2,958 116,1 Low Range: Slope = 0,025986 per ng/g
Lettuce Test #7 3,015 118,3  Y-Intercept = -0,059

QC Spk 200 5,183 202 101% Average Conc. = 122,8 ng/g   +/- 5,2 ng/g

Permethrins Calibration

y = 0,026x - 0,059
R2 = 0,9997
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LETTUCE/Permethrins (GC/MS-MS)
(Incurred)

Thiabendazole Added Calculated
Conc. Conc.

Sample (ng/g) Signal (ng/g) %Recovery
0-Std 0 0 -1,4

5 ng/g Std 5 826 5,8 115%
10 ng/g Std 10 1288 9,8 98%
50 ng/g Std 50 5814 49,0 98%

100 ng/g Std 100 11770 101 101%
250 ng/g Std 250 26990 242 97%

1000 ng/g Std 1000 112600 1001 100%
Orange Test #1 5217 43,8
Orange Test #2 5577 46,9
Orange Test #3 6101 51,4
Orange Test #4 5660 47,6
Orange Test #5 5811 48,9
Orange Test #6 5483 46,1 Hi Range: Slope = 113 per ng/g
Orange Test #7 6123 51,6  Y-Intercept = -268

QC Spk 200 19730 177 89% Average Conc. = 48,1 ng/g   +/- 2,6 ng/g

Thiabendazole Calibration

y = 112,72x - 268,44

R2 = 0,9998
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Low Range: Slope = 115,5175 per ng/g
 Y-Intercept = 159

Thiabendazole Calibration
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R2 = 0,9997
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ORANGE/Thiabendazole (LC/MS-MS)
(Incurred)



Thiabendazole Added Calculated
Conc. Conc.

Sample (ng/g) Signal (ng/g) %Recovery
0-Std 0 0 -0,1

5 ng/g Std 5 722 5,1 102%
10 ng/g Std 10 1387 9,9 99%
50 ng/g Std 50 6988 50,0 100%

100 ng/g Std 100 12460 91 91%
250 ng/g Std 250 33330 269 108%

1000 ng/g Std 1000 118400 996 100%
Lettuce Test #1 0
Lettuce Test #2 0
Lettuce Test #3 0
Lettuce Test #4 0
Lettuce Test #5 0
Lettuce Test #6 0 Hi Range: Slope = 117 per ng/g
Lettuce Test #7 0  Y-Intercept = 1862

QC Spk 200 23140 182 91% Average Conc. = #¡DIV/0! ng/g   +/- #¡DIV/0! ng/g

Thiabendazole Calibration

y = 116,95x + 1862,1

R2 = 0,9991
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Low Range: Slope = 139,5438 per ng/g
 Y-Intercept = 9

Thiabendazole Calibration
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LETTUCE/Thiabendazole (LC/MS-MS)
(Looking for incurred)

Chlorpyrifos-methyl Added Calculated
Conc. Signal Conc.

Sample (ng/g) (vs. I.S.) (ng/g) %Recovery
0-Std 0 0,000 -0,7

5 ng/g Std 5 0,099 4,5 91%
10 ng/g Std 10 0,211 10,5 105%
50 ng/g Std 50 0,954 49,9 100%

100 ng/g Std 100 1,948 92,9 93%
250 ng/g Std 250 6,147 252 101%

1000 ng/g Std 1000 21,691 840 84%
Orange Test #1 200 3,908 167 84%
Orange Test #2 200 3,817 164 82%
Orange Test #3 200 3,071 135 68%
Orange Test #4 200 2,897 129 64%
Orange Test #5 200 3,422 149 74%
Orange Test #6 200 3,453 150 75% Hi Range: Slope = 0,026435201 per ng/g
Orange Test #7 200 4,518 190 95%  Y-Intercept = -0,509

QC Spk 200 3,000 133 66% mean conc.(ng/g) = 154,8 12,4% RSD

Chlorpyrifos-methyl Calibration

y = 0,0264x - 0,5086

R2 = 0,9962
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Low Range: Slope = 0,018834 per ng/g
 Y-Intercept = 0,013

Chlorpyrifos-methyl Calibration

y = 0,0188x + 0,0131

R2 = 0,9996
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ORANGE/Chlorpyrifos-methyl (GC/MS-MS)
(QC-Homogeinity)



LC/MS-MS and LC/TOF-MS determination of
Forchlorfenuron residues in vegetables after
extraction with the buffered QuEChERS method

Antonio Valverde 1, Anita Cammarano 2, Carmen Ferrer 1, Luis 
Piedra 3 & Ana Aguilera 1

1Pesticide Residue Research Group. Universidad de Almería. 04071 Almería, Spain
2Università Cattolica del Sacro Cuore, Piacenza, Italy
3Centro de Innovación y Desarrollo Tecnológico COEXPHAL, Almería, Spain

N

Cl

N
C

N

O

H H

Forchlorfenuron (or CPPU) is a synthetic 
phenylurea-derivative cytokinin, with IUPAC name 
1-(2-chloro-4-pyridyl)-3-phenylurea (M.W. = 247), 
being extensively used in recent years as a in 
different fruit crops. This “new” plant growth 
regulator was included in the Annex I to Directive 
91/414/EEC on 1st of April 2006, kiwi plants being 
the default authorised use (see Directive 
2006/10/EC). At present, the MRL legally 
applicable in Spain for forchlorfenuron in all fruits 
and vegetables is 0.05 mg/kg (LOD).

Forchlorfenuron

Poster presented at EPRW 2006 (21-24 May, 2006, Cor fu, Greece)

Shake during 1 min
Centrifugate at 3.700
rpm during 2 min

Shake during 20 s

Centrifugate at 3.700
rpm during 2 min

1 g sample/mL

Analysis by LC/TOF-MS
or LC/MS-MS 

Recompose to 1ml with
MeOH:water 1:9 or MeOH

Evaporate 1 ml of the extract
with nitrogen

Transfer 5 mL of the extract
in a centrifugate tube with

250 mg PSA + 750 mg
MgSO4

15 g sample in centrifugate  tube
15 mL AcN (1% AcH)

6 g MgSO4
1.5 g NaAc

Buffered QuEChERS Method for Extraction of Forchlor fenuron
from Tomato, Zucchini and Watermelon Spiked Samples  



LC/MS-MS (ESI+/MRM 248>129)
Varian 1200 LV System

Column: Varian C18A (150x2.1 mm - 3µm)
Flow: 0.2 mL/min; Injection volume: 10 µL

Solvent A: Water with 2mM ammonium 
formiate and 0.1 % formic acid
Solvent B: Acetonitrile:MeOH (75:25)

Chromatogram Plots
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Solvent

Tomato

Forchlorfenuron
0.01 mg/kg
MRM 248>129

Forchlorfenuron
0.01 mg/kg
MRM 248>129

y = 132099,509x + 209684,510
R2 = 0,999
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LC/MS-MS 
calibration

in tomato extracts

Forchlorfenuron
0.01 mg/kg in solvent
(MRM 248>129)

Forchlorfenuron
0.01 mg/kg in Tomato
(MRM 248>129)

RT = 6.95 min

RT = 6.95 min

190 V
Fragmentor
voltage

40 psig

300 ºC
(9 L/min)

Mass range (m/z): 50 - 1000 - 1382.50 V

709 V

1250 V

37.5 V
250 V

60 V

4000 V 60 V

3.614 x10-7 Torr

LC/TOF-MS Agilent
G1969A 
(ESI+/248.0585 m/z)

Column : Zorbax XDB-C8 
(150x4.6 mm - 5µm)

Flow : 0.6 mL/min

Injection volume : 50 µL

Solvent A : Acetonitrile

Solvent B : Water with 0.1% 
formic acid

Mobil phase : 10% A (5´) to 
100% A in 25´
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TIC
Forchlorfenuron
0.01 mg/kg  standard
in Zucchini extracts

XIC (248.0585 m/z)

Forchlorfenuron
0.01 mg/kg  standard
in Zucchini extracts

20.89 min

LC/TOF-MS calibration
in Zucchini extracts
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QuEChERS + LC/TOF-MS Forchlorfenuron recoveries 

QuEChERS + LC/MS-MS Forchlorfenuron recoveries 

Limitations of the Analytical Methodologies used in 
the Pesticide Residues Laboatories

� The total number of pesticides included in the scope of 
the control laboratories is very variable (40 – 300), and it 
depends on the human and technical resources 
available in the lab.

� In some labs the only determination technique available 
is GC.

� But, many of the “new” pesticides are only determined by 
LC.



DiazinonDiazinon

ChlorothalonilChlorothalonil VinclozolinaVinclozolina

PirimifosPirimifos --metilmetil ChlorpyrifosChlorpyrifos

EndosulfanEndosulfan

N
N

CH3

O

CH3

CH3

P

S

OCH2CH3

OCH2CH3

Cl

Cl

Cl

Cl

CN

CN

N

Cl

Cl

O

O

CH3

CH CH2

N

NCH3 N(CH2CH3)2

O P

S

O

O

CH3

CH3

N

Cl

Cl

Cl

O P

S

OCH2CH3

OCH2CH3

Cl

Cl

Cl

Cl

O

O
SO

Cl

Cl

Examples of Pesticides Introduced during the Second
Half of the XX Century

(GC Pesticides)
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Limitations of the Analytical Methodologies used in 
the Pesticide Residues Laboatories

Introduction of “New” Pesticides

The inclusion of a “new” pesticide in the scope of the 
multirresidue method used by the control labs is usually 
performed several years after the pesticide is introduced 
into the market.

Imidacloprid:
� Introduction into the market: mid-90s (by Bayer)
� Control NFA-Sweden: included in 2003
� Control FDA-USA: Not yet included



EPRW´98 Melons Experience
2nd European Pesticide Residue Workshop

Almería (Spain), May 24-27, 1998

Valverde et al., Ital. J. Food Sci.15, 449-456, 2003

Treatments “Galia” melons
_______________________________
Days before Active
harvest ingredients
_______________________________

58 Abamectin
Thiophanate-methyl
Mancozeb
Cymoxanil
Imidacloprid

47 Cooper oxichloride
Kasugamycin
Azadirachtin

20 Cholrothalonil
Carbendazim
Imidacloprid
Kresoxim-methyl
Methomyl

Treatments “Cantaloupe” melons
_______________________________
Days before Active
harvest ingredients
_______________________________

62 Pyrifenox
Thiophanate-methyl
Mancozeb
Cymoxanil

38 Abamectin
Methomyl
Maneb

28 Cymoxanil
Mancozeb
Tetraconazol
Pyriproxyfen
B. Thuringiensis

19 Abamectin
Pyriproxyfen



Ø Kantonales Laboratorium, Basel-Stadt: Switzerland.

Ø Gestione Laboratori di Analisi, Progetto Natura: Italy.

Ø Laboratoire Interregional Represión Fraudes : France.

Ø Swedish National Food Administration: Sweden.

Ø Laboratorio Agrario-Valencia: Spain.

Ø Laboratorio SOIVRE-Almería: Spain.

Ø Laboratorio Sanidad Vegetal-Almería: Spain.

Participating Laboratories
“EPRW´98 Melons” Experience

Lab 1 Lab 2 Lab 3 Lab 4 Lab 5 Lab 6 Lab 7

GG Methods 62 65 18 48 123 50 198

HPLC Methods 11 20 - - 25 4 49

S2C Method Yes Yes - - Yes Yes Yes

Number of Pesticides Included in the Scopes
of the Participating Laboratories
“EPRW´98 Melons Experience”



Treatments “Galia” melons
_______________________________
Days before Active
harvest ingredients
_______________________________

58 Abamectin
Thiophanate-methyl
Mancozeb
Cymoxanil
Imidacloprid

47 Cooper oxichloride
Kasugamycin
Azadirachtin

20 Chlorothalonil
Carbendazim
Imidacloprid
Kresoxim-methyl
Methomyl

Treatments “Cantaloupe” melons
_______________________________
Days before Active
harvest ingredients
_______________________________

62 Pyrifenox
Thiophanate-methyl
Mancozeb
Cymoxanil

38 Abamectin
Methomyl
Maneb

28 Cymoxanil
Mancozeb
Tetraconazol
Pyriproxyfen
B. Thuringiensis

19 Abamectin
Pyriproxyfen

Pesticides INCLUDED in the scope of the 7 Labs: 1 out of 17

Treatments “Galia” melons
_______________________________
Days before Active
harvest ingredients
_______________________________

58 Abamectin
Thiophanate-methyl
Mancozeb
Cymoxanil
Imidacloprid

47 Cooper oxichloride
Kasugamycin
Azadirachtin

20 Cholrothalonil
Carbendazim
Imidacloprid
Kresoxim-methyl
Methomyl

Treatments “Cantaloupe” melons
_______________________________
Days before Active
harvest ingredients
_______________________________

62 Pyrifenox
Thiophanate-methyl
Mancozeb
Cymoxanil

38 Abamectin
Methomyl
Maneb

28 Cymoxanil
Mancozeb
Tetraconazol
Pyriproxyfen
B. Thuringiensis

19 Abamectin
Pyriproxyfen

Pesticides NOT INCLUDED in the scope of the 7 Labs: 11 out of 17!



EPRW´98 Melons: RESULTS

None of the Labs found any residue of the 
pesticides applied to the melons.

Low residue levels of two pesticides not
applied to the melons were found:

- Endosulfan / Cantalup: 10 - 40 ppb (5 labs)
- Procimidona / Cantalup: 10 - 30 ppb (3 labs)
- Endosulfan / Galia: 40 - 110 ppb (3 labs)

“New” Pesticides Inadequately Evaluated

Some “New” pesticides are being introduced into the 
market without evaluating adequately its analytical 
beaviour against the multirresidue methods routenly 
applied in the control labs.

Tralomethrin:

� Introduction into the market: End of the 90´s

� Residue Control: GC-ECD/MS Multirresidue Methods

� Different MRLs for Tralomethrin and Deltamethrin

� No difference Tralomethrin/Deltametrin by GC (year 2001)
� Removed authization of Tralomethrin in EU (year 2003) 



Overlay Plots

File: c:\varios~1\agricu\delt43.ms
Sample:                                               Date 3/21/2000 16:58:28
Comment:       PATRON DE DELTAMETRINA 43 PPM                             
Operator:  Scan Range: 1 - 2100 Time Range: 0.01 - 35.00 min.
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File: c:\varios~1\tralom~1\tral34.ms
Sample:                                               Date 3/21/2000 15:22:00
Comment:       PATRON DE TRALOMETRINA 34 PPM                             
Operator:  Scan Range: 1 - 2100 Time Range: 0.01 - 35.00 min.
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Valverde et al., J. Chromatogr. A943, 101-111, 2002

GC-MS Analysis of Deltamethrin and Tralomethrin

Suggestions to Avoid Problems with “New” Pesticides

� To evaluate, before authorization, the analytical 
behaviour of the “new” pesticides against some 
multirresiue methods (or techniques) of “reference”
routinely applied in the control labs.

� However, first, it would be necesary to define these
“reference” methods (Updating/Harmonizing the “Official”
Multirresidue Methods?). 



“Quality” of Pesticide Residues Labs

Ø Good Laboratory Practices (GLPs)
Ø Standard Operation Procedures (SOPs)
Ø Quality Assurance Unit
Ø Quality Manual
Ø Validation
Ø Verification
Ø Quality Control (QC)
Ø Proficiency Tests (PTs)
Ø Uncertainty
Ø Accreditation (ISO 17025)
Ø etc.

Terms Nowadays so Familiar in a Pesticide Residue
Control Lab as “Chromatographic Analysis”



Accreditation

• Accreditation is the formal recognition of a 
laboratory, by an independent and authorised 
body, that the laboratory is competent to 
perform specific tests.

• The International Standard used by the 
accreditation bodies to recognise the 
competence of testing laboratories is the 
ISO/IEC 17025.

ISO and IEC

• ISO (the International Organization for 
Standardization) and  IEC (the International 
Electrotechnical Commission) form the specialized 
system for worldwide standardization.

• National bodies that are members of ISO or IEC 
participate in the development of International
Standards through technical committees established
by the respective organization to deal with particular 
fields of technical activity.



ISO/IEC 17025

• ISO/IEC 17025 contains all the requirements that testing 
laboratories have to meet if they wish to demonstrate that 
they operate a  quality system , are technically 
competent , and are able to generate technically valid 
results .

• The acceptance of testing results between countries
should be facilitated if laboratories comply with ISO/IEC 
17025, and if they obtain accreditation from bodies which
have entered into mutual recognition agreements with
equivalent bodies in other countries using this International
Standard.

International Accreditation Fora

Ø ILAC (International Labs. Accreditation Cooperation)

Ø IAF (International Accreditation Forum)

Ø EA (European Cooperation for Accreditation)

Most of the European countries have 
endorsed all the “Multilateral 
Recognition Agreements” set up 
within European Cooperation for 
Accreditation (EA).



Information and Documents on Laboratory 
Accreditation

• ILAC: www.ilac.org

• EA: www.european-accreditation.org

• ENAC: www.enac.es

Contents of ISO/IEC 17025:2005
(General requirements for the competence of testing  and 

calibration laboratories)

Foreword / Introduction

1.- Scope
2.- Normative references
3.- Terms and definitions
4.- Management requirements
5.- Technical requirements
Annex A / Annex B / Bibliography



ISO/IEC 17025
4. Management requirements

4.1. Organization
4.2. Quality System
4.3. Document control
4.4. Review of request, tenders and contracts
4.5. Subscontracting of test and calibrations
4.6. Purchasing services and suppliers
4.7. Service to the client

ISO/IEC 17025
4. Management requirements

4.8. Complaints
4.9. Control of nonconforming work
4.10. Improvement
4.11. Corrective action
4.12. Preventive action
4.13. Control of records
4.14. Internal audits
4.15. Management reviews



ISO/IEC 17025
5. Technical requirements

5.1. General
5.2. Personnel
5.3. Accomodation and environmental conditions
5.4. Test methods and method validation
5.5. Equipment
5.6. Measurement traceability
5.7. Sampling
5.8. Handling of test items
5.9. Assuring the quality of test results
5.10. Reporting the results

Accreditation Process

• The accreditation process is based on 
operational procedures and guides 
internationally accepted.

• The key activity in the accreditation process
is the “assessment” of the laboratory, which 
is normally carried out by one “quality 
assessor”and one “technical assessor”.



The “Assessment”: Critical Thoughts

• Does the laboratory “say” what they do?
(Do they have written documents that meet the 
ISO 17025 requirements?).

• Does the laboratory “do” what they say?
(Are they in compliance with ISO 17025?).

• And can the laboratory “probe” it with 
their records?

Accreditation: Critical “Technical” Factors

• Competent Laboratory Personel

• Adequate Equipment

• Written Methods Adequately Validated

• System to Ensure Quality of Results



Pesticide Residue Analysis
Method Validation

• Method validation establishes, by systematic laboratory 
studies, that the performance characteristics of the 
method meet the specifications related to the intented 
use of the analytical result (Fitness for Purpose).

• At present, there is few agreement about the minimun 
specific validation requirements for pesticide residue 
tests, overall for multiresidue analyses. 

Pesticide Residue Analysis
Method Validation

• Important “reference documents”:

a) EU Guidance Document on Residue Analytical 
Methods (SANCO/825/00)

b) Guidelines for Single-Laboratory Validation of 
Analytical Methods for Trace Level Concentrations 
of Organic Chemicals (AOAC/FAO/IAEA/IUPAC 
Expert Consultation, Miskolc, November-1999)



Pesticide Residue Analysis
“on-going”Quality Control

• Today, it is clear and worldwide accepted that analytical
performance in pesticide residue tests will vary from
batch to batch and from day to day.

• For these reasons, “on-going” Analytical Quality Control 
is completely necessary to verify and supplement
method validation on a regular basis.

Pesticide Residue Analysis

Why is it so important the Quality Control?

• The analyst expertice and the equipment condition
have a decisive influence on the results.

• The response of the equipments changes with time
and is very dependent on maintenance procedures.

• Unpredictible “matrix effect” and interferences.

• Inexistent real “Reference Standards”.

Difficult with Elevated Uncertainty



Pesticide Residue Analysis
Quality Control

• QC procedures and criteria applied in each lab can 
differ widely, even among accredited labs.

• A general agreement on the minimun QC criteria is 
needed.  A good starting point is:

EU Quality Control Procedures for Pesticide
Residue Analysis Rev. 4 
“Document SANCO/10232/2006”

QUALITY CONTROL PROCEDURES FOR 

PESTICIDE RESIDUES ANALYSIS

Document N° SANCO/10232/2006 

24/March/2006

updated revision of the document SANCO/10476/2003



QUALITY CONTROL PROCEDURES FOR 
PESTICIDE RESIDUES ANALYSIS

Document N° SANCO/10232/2006 
24/March/2006 

ØIntroduction (1 – 4)

ØAccreditation (5)

ØSampling, transport, processing and storage of samples (6 – 14)

ØPesticide standards, calibration solutions, etc. (15 –23)

ØExtraction and concentration (24 – 27)

ØContamination and interference (28 – 34)

ØAnalytical calibration, representative analytes,
matrix effects  and chromatographic integration (35 – 55)(Table 1)

ØAnalytical methods and analytical performance (56 – 66)

ØMethod validation (56 – 60)(Table 2)

ØMethods for determination of fat or dry weight content (61)

ØRoutine recovery determination(62 – 66)

ØProficiency testing and analysis of reference materials (67 – 68)

ØConfirmation of results (69 – 81)

ØPrinciples of confirmation (69 – 72)

ØChromatographic separation (73)

ØConfirmation by mass spectrometry(74 – 80)(Table 3)

ØConfirmation by an independent laboratory (81)

ØReporting of results (82 – 94)
ØExpression of results (82)
ØCalculation of results (83 – 85)
ØRounding of data (86)
ØQualifying results with uncertainty data (87 – 90)
ØInterpretation of results (91 – 94)



Representative 
analytes

All other analytes

Minimum 
frequency of 
calibration

Calibration in each 
batch of 
determinations

At least at the level 
corresponding to the 
reporting limit.

A rolling programme to 
include all other analytes at 
least every 12 months, but 
preferably every 6 months*
At least at the level 
corresponding to the 
reporting limit.

Minimum 
frequency of 
recovery 
(Paragraph 62 )

Determination in 
each batch of 
analyses

Each analyte, at the same 
time as the corresponding 
calibration series, as above
At least at the level 
corresponding to the 
reporting limit

Table 1. Minimun frequencies for calibration and recovery 

Concentration 
range (mg/kg)

Repeatability Mean 
recovery 

range (%)

RSDA% RSDL%

0.001 - 0.01 30 32 70 - 110

>0.01 – 0.1 20 22 70 –110

>0.1 – 1 15 18 70 – 110

>1 10 14 70 – 110

Method Validation

57. For multi-residue methods, representative matricesmay be used.

Table 2. Criteria for quantitative methods



65. Acceptable limits for single recovery should 
normally be in the range 60–140% and may be
adjusted using repeatability (validation) and
intra laboratory reproducibility (routine on-
going recovery) data.

Routine recovery determination

73. ... the relative retention time of the analyte,
should correspond to that of the calibration 
solution with a tolerance of ±0.5% for GC and
±2.5% for LC.

Confirmation of results
Chromatographic separation



Relative intensity 
(% of base peak)

EI-GC-MS
(relative)

CI-GC-MS,
GC-MSn,

LC-MS, LC-MS n

(relative)

> 50 % ± 10 % ± 20 %

> 20 % to 50 % ± 15 % ± 25 %

> 10 % to 20 % ± 20 % ± 30 %

> 10% ± 50 % ± 50 %

Table 3. Recommended maximun permitted tolerances for 
relative ion intensities using a range of spectrometric techniques

Confirmation of results
Confirmation by MS (#79 and #80)

92. Considering the results so far from EU proficiency tests
(for fruits and vegetables, using multiresidue methods), a
default expanded uncertainty figure of 50% 
(corresponding to 95% confidence level), in general
covers the inter-laboratory variability between the 
European laboratories and is recommended to be used by
regulatory authorities in cases of enforcement decisions
(MRL-exceedances). 
... A prerequisite to be allowed to use a 50% default 
expanded uncertainty is that the laboratory proves its own 
calculated expanded uncertainty to be less than 50%.  ...

Reporting results
Interpretation of results



may= option

should= recommendation

must= obligation

Keys for the interpretation of the  document
SANCO/10232/2006

Pesticide Residue Analysis
(Assuring the Quality of Tests)

• In addition, to the “on-going” quality control activities
(which could be considered as a part of the analytical 
procedure), laboratories shall have quality control 
procedures for monitoring the validity of tests.



Pesticide Residue Analysis
(Assuring the Quality of Tests)

• According to ISO/IEC 17025, this monitoring shall be 
planned and reviewed and may include, but not be limited
to, the following:

a) Regular use of certified reference materials and/or ...;
b) Participation in interlaboratory comparison programmes

(Proficiency Tests);
c) Replicate tests using the same or different methods;
d) Retesting of retained items;
e) Correlation of results for different characteristics of an item.
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Dr. Amadeo R. FernDr. Amadeo R. Fern áándezndez --Alba, senior Chemist.Alba, senior Chemist. University of AlmerUniversity of Almer ííaa
Ms. Paula Medina, Chemist.Ms. Paula Medina, Chemist. University of AlmeriaUniversity of Almeria
Mr. Octavio Malato, Chemist.Mr. Octavio Malato, Chemist. University of AlmeriaUniversity of Almeria

ADVISORY GROUPADVISORY GROUP

Mr. Arne Andersson, Head of Division. Mr. Arne Andersson, Head of Division. NFA, Uppsala, SwedenNFA, Uppsala, Sweden
Dr. Antonio Valverde, senior Chemist.  Dr. Antonio Valverde, senior Chemist.  University of Almeria, SainUniversity of Almeria, Sain
Dr. Carmelo RodrDr. Carmelo Rodr ííguez, guez, seniorsenior ChemistChemist . . University of AlmerUniversity of Almer íía, Spaina, Spain
Dr. Jerome Vial, senior Chemist. Dr. Jerome Vial, senior Chemist. ESPCI, Paris, FranceESPCI, Paris, France
Dr. Miguel GamDr. Miguel Gam óón, senior Chemist. n, senior Chemist. Generalitat Valenciana, SpainGeneralitat Valenciana, Spain
Dr. AndrDr. Andr éé de Kok, senior Chemist. de Kok, senior Chemist. VWA, Amsterdam, The NetherlandsVWA, Amsterdam, The Netherlands
Dr. Tuija PihlstrDr. Tuija Pihlstr ööm, Chemist. m, Chemist. NFA,  Uppsala, SwedenNFA,  Uppsala, Sweden
Mr. Stewart Reynolds, senior Chemist.Mr. Stewart Reynolds, senior Chemist. CSL, York, United KingdomCSL, York, United Kingdom
Dr. Michlangelo Anastassiades, senior Chemist.Dr. Michlangelo Anastassiades, senior Chemist. CVUA Stuttgart. GermanyCVUA Stuttgart. Germany
Dr. Lutz Alder, senior Chemist.Dr. Lutz Alder, senior Chemist. FIRA, Berlin, GermanyFIRA, Berlin, Germany

http://www.ual.es/GruposInv/EUPT07http://www.ual.es/GruposInv/EUPT07

EU-PT07 (2005): Grapes

Acephate
Acetamiprid
Acrinathrin
Aldicarb
Azinphos-Methyl
Azoxystrobin
Bifenthrin
Bromopropylate
Bupirimate
Captan + Folpet
Carbaryl
Carbendazim
Chlorothalonil
Chlorpropham
Chlorpyrifos
Chlorpyrifos-methyl
Cypermethrin
Cyprodinil
Deltamethrin
Diazinon
Dichlofluanid

Oxydemeton-methyl
Parathion
Parathion-methyl
Penconazole
Phosalone
Pirimicarb
Pirimiphos-methyl
Procymidone
Propargite
Pyrimethanil
Spiroxamine
Tetraconazole
Thiabendazole
Tolclofos-methyl
Tolyfluanid
Triadimenol + Triadimefon
Vinclozolin

Dicofol
Dimethoate + Omethoate
Dimethomorph
Endosulfan
Fenhexamid
Fenitrothion
Fludioxonil
Flusilazole
Imazalil
Imidacloprid
Iprodione
Kresoxim-methyl
Lambda-cyhalothrin
Malathion
Metalaxyl
Methamidophos
Methidathion
Methiocarb
Methomyl
Monocrotophos
Myclobutanil

ListList ofof possiblepossible
PesticidesPesticides EUPT7EUPT7

Total Applied: 16 pesticidesTotal Applied: 16 pesticides

Possible: 62 pesticidesPossible: 62 pesticides



56.064970Tetraconazole

96.804121Procymidone

71.253089Monocrotophos

68.043685Fludioxonil

56.894571Methomyl

78.422598Pyrimethanil

Dimethoate

90.448113Iprodione

83.2317104Thiabendazole

44.826756Acetamiprid

79.222499Cyprodinil

95.242119

51.216064Imidacloprid

83.2120104Kresoxim-methyl

71.203689Fenhexamid

98.402123Diazinon

80.8024101Carbaryl

% of results 
from the total 125

False negatives
Nº of NA 

(not sought)
Nº of reported

results 
PESTICIDES

EU-PT7 (Grapes, year 2005)
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51.2% of Laboratories in Category A
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z-Score % of pesticide results in EUPT 7z-Score % of pesticide results in EUPT 7
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or "2": LC
or "3": GC+LC (not specified)

EU-PT07 (Grapes): Acetamiprid / 56 Labs (mmmm= 0.312 mg/kg)
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Monocrotophos
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EU-PT07 (Grapes): Monocrotophos / 89 Labs (mmmm= 0.643 mg/kg)

Pesticide Residue Control

Some questions without a clear answer

• Can a lab be accredited to analyze a pesticide without 
determining all the compound included in the residue 
definition? 

• Can a lab be accredited to analyze a pesticide when its
LOD is higher than the MRL?

• What about Uncertainty?

• and about the “level of certain violation” of a MRL?



Measurement Uncertainty in 
Pesticide Residue Analysis

Concepts used in EU

L. Alder, A. Andersson, R. Bettencourt da Silva, 
A. Di Muccio, G. Jamet, A. de Kok, 

S. Reynolds, and A. Valverde-Garcia

EPRW 2004
Stockholm, June 13 - 16, 2004

Uncertainty - What does it mean?

Example:

Residue content = 0,45 ±0,30mg/kg

• Measurement uncertainty is the value behind the “±”
• It is not a standard deviation!
• Normally it defines, with 95% confidence, the 

interval around the most probable concentration in 
which the trueresidue content occurs.

• Do not believe 0,100 mg/kg ± 0,010 mg/kg!!



Violation or not violation?

§§ MRL =
1,0 mg/kg

1,65 mg/kg

The most popular Uncertainty concept 
used in practice (U = 2x RSD)

• Uncertainty is based on intra-laboratory method 
validation (individual data for analyte/matrix 
group/level combination).

• Only reproducibility contributes to the uncertainty, and 
others sources must be just identified and under control 
(negligible).



Level of certain violation 

MRL 
(mg/kg) 

NL SE ES IT FR DE PT  
 

 Plant materials 

1,0 2,0 2,0 1,5 1,5 1,5 2,5 1,4 

0,10 0,20 0,20 0,17 0,18 0,16 0,25 0,14 

0,010 0,020 0,020 
 

0,021 0,028 0,019 0,025 0,02 

 Foodstuff of animal origin 

1,0 2,0 - 1,5 1,5 1,5 1,5 

0,10 0,20 - 0,17 0,18 0,16 0,18 

0,010 0,020 - 0,021 0,028 0,019 0,028 

 

 

Summary

• The exact measurement uncertainty depends on 
many parameters, and only the determination of an 
estimateseems feasible (as required by ISO 17025).

• Different concepts are used in Europe, which 
requires an analytical result which must be 
150% – 250% of the MRL, if a violation of the MRL 
is stated.



Official Monitoring Programs for MRLs

- Regional / National / Internacional (UE)

- Surveillance / Compliance

- Domestic / Import

- Sampling proportional to agricultural production

- Sampling proportional to food consumption

Official Monitoring Programs for MRLs



Official Monitoring Programs for  MRLs

Limitations

� Different designe, objectives and analytical 
scope in each country.
IMPORTANT: results are not comparable.  

� Different level of transparency in each country.

Some “Transparent” Official Monitoring Programs

EU
http:/www.europa.eu.int/comm/food

USA
http:/www.cfsan.fda.gov

Sweden
http:/www.slv.se



“In-house” Control

"IN-HOUSE“ CONTROL

Ø Pesticide residue control applied by the growers or 
exporters to their products before commercializing them.

Ø Almería (Spain), pionner in this type of control.

Ø Required by Normalized Production Systems



If the “Normalized 
Production Systems”
became generalized:

It would be possible 
to introduce a
“P- for Pesticides”?

P- 017: Clorpirifos
P- 100: Metamidofos
P- 110: Imazalil
P- 135: Deltametrina

Just a last question (already made in 1987 by M. Hanssen)
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