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Overview of presentation

� Background to residues analysis
� GC injection techniques
� GC column selection
� GC-MS  options
� GC- MS data confirmation
� Calibration and LOD



Background: Analytical Requirements

� Screening or targeted analysis?
-large number of pesticide/commodity combinations

� Integrity of results
-limits of quantification (‘ target’ 0.01 mg/kg)
-confirmation of identity
-MRL residue definitions
-AQC, accreditation and traceability

� Speed of analysis 
-rapid response/enforcement

� Costs 



Overall Strategy

RECEIPT OF SAMPLES

SAMPLE PROCESSING  
ambient / cryogenic / acid

EXTRACTION 
ethyl acetate / acetone / acetonitrile / SFE/PLE

CLEAN-UP
GPC / HPGPC / SPE / SPME

DETECTION / QUANTITATION / CONFIRMATION 

Gas Liquid Chromatography Liquid Chromatography
ECD / NPD / FPD / MS / MS-MS FL / UV / DAD / MS / MS-MS

REPORT

Hydrolysis/
Derivatisation

Oxidation

Analytical Strategies for Pesticide  Residues Analysis

� �
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Why GC ? – a reminder

� Gas chromatography - gas is more efficient than 
liquid as a mobile phase

� Increased column efficiency compared to HPLC -
- separate more compounds in unit tim                                    
- compounds must be volatile < approx. 350°
- usually low MW compounds < 40 
- higher MW compounds only suitable for HPLC 
- unless polarity/volatility is modified (e.g.derivatisation)

� Compatible with a number of detector options

GC and LC are complimentary techniques



Consider the analyte(s)

� Physico-chemical, stability /reactivity
Solubility, polarity and volatility

� Diverse, similar, isomers, transformation 
products?
-multicomponent MRLs
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A to Z of Pesticide Structures and Properties
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methamidophos (Mol. Wt. 141.1)
polar OP, hydrophillic, semi-volatile
analysis by GC-FPD, GC-NPD, GC-MS & LC-MS

hexachlorobenzene (Mol. Wt. 248.8)
persistent organochlorine, lipophillic, semi-volatile
analysis by GC-ECD and GC-MS

Spinosad [Mol. Wt. 732.98 (A)
745.99 (D)]
‘natural pesticide’  non-volatile
analysis by LC-MS

Abamectin �	

Zoxamide



Derivatisation of phenoxy acid herbicides

Cl OCH2COOH

Cl

2.0 M (trimethylsilyl) � diazomethane in ether

2,4-D (free acid)

Cl OCH2COOCH3

Cl 2,4-D methyl ester

MRL definition is the sum of free acid, esters 

and conjugates



Advantages/Disadvantages of Derivatisation

� Increased volatility
� Decreased polarity
� Possibility of introducing electron capturing groups or

heteroatoms for specific detection
� Time consuming
� Excess reagents  causes column deterioration

- employ retention gap 
- consider LC-MS of underivatised analytes

Chemistries; Silylation , Acylatation, Alkylation



Haloxyfop (0.003 mg/kg) in infant food

Alkaline hydrolysis� SPE � derivatisation� GC-MS
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GC-MS considerations

� Columns             - wide bore/narrow bore capillary ??
� Carrier gas         - nitrogen, helium or hydrogen ??
� Injection modes  - on-column, split, splitless, PTV ??
� MS          - e.g. ion-trap, quadrupole & ToF ??

MS  should not be used to  compensate for non-optimised 
system parameters



Capillary GC injector considerations

� Some Injection Modes;
- split, splitless, PTV, on-column, thermal
desorption, headspace

Need to consider;
� Solvents, gas flows, analytes, sample types

liners, septum, ferrules, seals, syringe needles, 
injection speed etc., etc.



Injector design

� Minimise Discrimination

� Optimise sample transfer onto column

PTV  Injector



Solvent properties

2.523895111Toluene

3.71598099Isooctane

2.72155069Hexane

2.12757077EtAc

1.24998082MeCN

1.63756056Acetone

Max. 
Injection 
Volume 

(mmmmL)
600 µL liner

Expansion 
Volume 

(mmmmL)

Optimized Initial
Oven Temp.

(°°°°C )

b.p. 

(°°°°C)

Solvent



Consideration of Liner design/volume

Approx. volumes

for empty liner720 µl
540 µl

< 900 µl
800 µl

990 µl



Solvent volume expansion calculator

http://www.agilent.com

/cag/servsup/usersoft/main.html#flowcalc205



Linearity of injection 



Splitless Injection: contamination

9.03 min

1.0 µg/ml dimethoate  
in crude extracts of 
lettuce - 3 µl

9.06 min



DMI  : Analysis of Crude Extracts of Lettuce

Before Injection
15 µl

Before Injection:
expanded view After Injection

Non-volatile 
co-extractives
retained in 
DMI vial

-note: cost per injection = approx. 7-8 Euros



6500

7000

Abundance m/z 87

Splitless Injection Vs  DMI

1.0ug/ml dimethoate 
in crude extracts of 
lettuce- m/z 87

start run

12.87 12.87 min 

Splitless
Injection-
GC-MSD 
5973 (3 µl) 
2.5g crop/ml

DMI-GC-MSD
5971 (15 µl)
0.5g crop/ml

Start run

End run

9.03 min

9.06 min

12.87 min



7.93

23.76

Time-->

Abundance

7.88

23.80

captan breakdown

captan parent captan parent

captan breakdown

Solvent Standard

Matrix Standard

Thermal Degradation



Degradation (II) - fenitrothion

Inert Source

m/z 247

m/z 277
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m/z 247 
Breakdown 

ion
m/z 277

S/S Source

Increase in breakdown ion 
reduces   the abundance of 
the ion m/z 277.

Decreased breakdown
Result: higher response 
m/z 277



Chromatographic  Resolution
Efficiency

Selectivity (analyte ‘solubility’

or partition between phases)

Capacity/Retention factor

Baseline resolution Rs=1.5

Resolution is a compromise between separation of peaks and time



Capillary GC column selection

� Stationary phase

- match to physicochemical properties of analyte
� Film Thickness (0.05 µm – 5.0 µm)

- consider bleed in MS applications
� Internal Diameter (0.1 mm – 0.53 mm)
� Length (10 m – 60 m)
� Separation also influenced by  carrier gas velocity  

and  column temperature



Stationary phase selection

100% dimethyl 
siloxane

DB-1

95% dimethyl

5% diphenyl/

DB-5

86% diphenyl /

14% cyanopropy 

DB1701

Check supplier catalogue for  information on 
wide range of phases available



GC capillary column dimensions

� Column i.d.

0.1 mm – split injection only, fast GC, high resolution, low capacity

0.18-0.25 mm – general purpose capacity approx.100 ng

0.32 mm  - suitable for on-column injection

0.53 mm - good resolution, high capacity

� Column Length

- increasing the length  by a factor of 2 doubles run time but only 
increases resolution by approx. 1.4.  Is it worth it?

In
cr

ea
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Increase capacity

In practice most multi-residue separations are 

Achieved using DB 5 ( 95% dimethyl/5% diphenyl)

or equivalent – usually 20-30m X 0.18 - 0.25mm i.d.



Capillary column film thickness

� Thin films
- high efficiency, low bleed, 
suitable for high MW compounds 

� Thick films
- lower efficiency, higher bleed, 
suitable for low MW compounds



GC - Carrier gas selection

� Nitrogen 
-cheap

� Helium 
-expensive
-easy to optimise

� Hydrogen  
- cheap
- large operating 

range
- safety issues ??

Note: electronic pressure 
control  permits constant flow



Temperature programming

� Increase temperature to decrease elution 
time

� Optimise elution by increasing temperature 
using ramps

� Observe max. temperatures (column bleed)
� Observe min. temperatures (less efficiency)

Initial column temperature very important



Initial Oven Temperature

3 µl injection
1 µl injection

Initial Oven Temp. 100 °C

pirimiphos-ethylInitial Oven Temp. 60 °C

malathion

parathion-ethyl

ethyl acetate b.p. = 77

‘Solvent Focusing’

‘Analyte Focusing’



Retention gaps

� non-coated deactivated 0.53 mm id silica,
5 -10m in length connected to narrow bore column with 
LDV connector

� Better peak shapes with solvent focusing
� Protect column from contamination

– dirty samples
� increased column lifetime if using polar  solvents



Retention Gaps (II)
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Abundance

No Retention Gap

Initial Temp. 100 °C

Injection Volume 1 µl

biphenyl

30m DB5MS 
x 0.25 mm       

x 0.25µm film

8.30 8.40 8.50 8.60 8.70 8.80 8.90 9.00 9.10 9.20 9.30

5000
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15000

20000

25000
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35000

40000
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55000

60000

65000

70000

75000

80000

85000

90000

Time-->

Abundance

Retention Gap 
Installed

Initial Temp. 40 °C

Injection Volume 1 µl



Tailing peaks

� Improper installation of column 

� Adsorption

- active sites from contamination of injector/column

� Degradation peaks (thermal instability of the analyte) 

� Poor phase selection

e.g. separation of polar analytes on non-polar phase

6.00 6.50 7.00 7.50 8.00 8.50 9.00 9.50 10.00 10.50 11.00

500

1000

1500

2000

2500

3000

3500

4000

4500

5000

Time-->

Abundance

diphenylamine
tecnazene

propham
metoxuron

chlorpropham



Multi-Class Multi-Residue GC-MS Pesticides

104 target pesticides and metabolites, 0.01 - 0.05 mg/kg

Column: 30 m x 2.25 mm i.d. x 0.25 µm DB5, 

Initial column temperature 100°C

Helium carrier, constant flow at 1 ml/min 

Injection vol. 3 µl (ethyl acetate)

Ethyl acetate/HPGPC/GC-MSD5972-SIM

55 min



Mass spectrometry defined

� Production of gas-phase ions
� Manipulation of ions, in a vacuum, with electric and 

magnetic fields
to………

� Determine their mass-to-charge ratios (m/z)
and…….

� Measure relative abundances of ions of differing m/z

Detects all classes of pesticides



GC-MS in pesticide residues analysis:
Quadrupole

Full SCAN or SIM, 

>>sensitivity in SIM  

tandem quadrupoles to provide improved selectivity



Degradation in Ion Source - fenitrothion

Inert Source

m/z 247

m/z 277
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m/z 247 
Breakdown 

ion
m/z 277

S/S Source

Increase in breakdown ion 
reduces   the abundance of 
the ion m/z 277.

Decreased breakdown
Result: higher response 
m/z 277



GC-MS in pesticide residues analysis: Ion 
trap

Full scan data, low data acquisition rate, MS/MS option, 
relatively low senstivity, historically poor quantification,



Schematic of TOF-MS



TOF versus Scanning Instruments

TOF versus ITD

TOF peak �

� Peak scan



Continuity of TOF Spectra Across a 
Chromatographic Peak

All spectra across the 
peak are identical.

Intensity ratios for any 
pair of ions in the mass 
spectrum will deviate by 
less than 1%



GC Data: Quality Control

� Minimum 6 –12 data points per peak

� Confirmation of identity

� Acceptance criteria for MS 



GC-ITD: Chlorpyrifos in Baby Food Matrix

14.625 14.650 14.675 14.700 14.725 14.750 14.775
minutes

0

5

10

15

20

25

0

5

10

15

20

0

5

10

15

20

25

30

0

5

10

15

20

25

30

1 scan/sec

1.5 scan/sec

2 scan/sec

3 scan/sec

14.35 14.40 14.45 14.50 14.55

0.0

2.5

5.0

7.5

10.0

12.5

15.0
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Confirming identity

� Is the spectrum the same?

� Is the spectrum unique?

� SIM/MRM = only part of the 
spectrum



MS confirmation criteria

� Full Scan spectra
Intensity ratios for principal ions should be within 70-
130% of those obtained from standard.  Spectral 
match criteria can be set up as part of automated 
data processing.

� SIM
2 ions of m/z >200 or 3 ions of m/z >100

� GC/MS-MS
Ratio of 2 MRM transitions

EU AQC Guidelines (SANCO/10232/2006)



Vinclozolin



Dicofol



Confirmation Criteria SANCO/10232/2006



Mass fragments & Identification points
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Commission Directive 2002/657/EC of 12 August 2002 –
not adopted for pesticide residues



Earning identification points

� � � � � 	
 � � � � � � � � � � � �� � �	� � �
� � � � � ��
� � 	� � �

- � *� � �&� .�	 
 �� .(�	 
 �� � *� � � �

� � *� � *� �
! �� 
 � � %
 � 	 
 �" �����

� �� 
 	 � %� ��
/ )�

� � *� � *� �
� �� 
 � � %
 � 	 
 � 0�

� � � 
 �$ ��
 ��������������
! �� 
 	 � %� �

+)�

, �� 
 �
 � � 	 �%��	 � �� � � � ��

� � *� � �� � � �- � *� � � �1�� / )�

e.g. 3 points are needed to confirm an MRL
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MS confirmation of coeluting pesticides

Time-->
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Calibration approaches

� External vs. internal
� Standard addition (external or internal)
� Multipoint or single point
� Standard solutions prepared for all anlaytes

or ‘representative’ analytes
� Stable isotope internal standards
� Bracketing or dispersed calibrants
� Matrix vs. solvent



Matrix vs. solvent standards

VFM vs. SS (A-HCH) GW
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Vegetable matrix vs Solvent standards for alpha-HCH



Conclusions

� Pesticide multi-residue analysis usually 
involves compromises

� Not possible to optimise analysis for all 
analytes 

� The analyst should be aware of the method 
deficiencies

� LC and GC are complimentary


