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1st technical seminar

Ñ Analysis of  20 Organochlorine (OC) Pesticide Residues in 

Fruit and Vegetables



2nd technical seminar

Ñ OCï 35 Organochlorine pesticides (chlorinated pesticides)

Ñ OPï 44 Organophosphorus pesticides

Ñ PYï 8 Pyrethroid pesticides

Ñ Carbï16 N-methyl carbamate pesticides

Ñ ­ 4 classes of pesticides



2nd technical seminar

Sample type No. of sample 

(2007)

Testing scope

Fruit and vegetables ~ 1000 

Organochlorine or

Organophosphorus or

Pyrethroid or

N-methyl Carbamate

Other food types ~ 500

eg. Cereal and cereal products

eg. Meat

eg. Oil and fat

eg. Beverages

High starch food

High protein food

High fat food

Liquid



Testing scope



1. Organochlorine pesticides

Testing scope ï35 organochlorine pesticides

Alpha-BHC Aldrin

Beta-BHC Dichlorbenil

Gamma-BHC Dieldrin

Delta-BHC Dicofol

o,pô-DDE Alpha-Endosulfan

p,pô-DDE Beta-Endosulfan

o,pô-DDD Endosulfan Sulphate

p,pô-DDD Endrin

o,pô-DDT Heptachlor Epoxide

p,pô-DDT Heptachlor

POPs



1. Organochlorine pesticides

Testing scope ï35 organochlorine pesticides

Hexachlorobenzene Chlorfenapyr

Methoxychlor Chlorothalonil

Mirex Quintozene

Procymidone Pentachloroaniline

Tetradifon Pentachlorophenyl sulphide

Trifluralin

Vinclozolin

cis-Chlordane

trans-Chlordane

Oxychlordane

Fungicide



2. Organophosphorus pesticides

Testing scope ï44 organophosphrous pesticides

Acephate Disulfonton

Azinphos-methyl Edifenphos

Carbophenthion Ethion

Chlorfenvinphos Ethoprophos

Chlorpyrifos Fenamiphos

Chlorpyrifos-methyl Fenchlorphos

Coumaphos Fenitrothion

Crufomate Fensulfothion

Diazinon Fenthion

Dichlorvos Isocarbophos

Dimethoate Isofenphos



2. Organophosphorus pesticides

Testing scope ï44 organophosphrous pesticides

Malathion Phosmet

Methamidophos Phosphamidon

Methidathion Pirimiphos-Methyl

Mevinophos Profenophos

Monocrotophos Prothiophos

Omethoate Pyrazophos

Parathion-ethyl Quinalphos

Parathion-methyl Sulfotep

Phenthoate Tetrachlorvinphos

Phorate Triazophos

Phosalone Trichlorfon

ṋ



3. Pyrethroid pesticides 

Testing scope ï8 pyrethroid pesticides

Bifenthrin

Cyfluthrin

Cyhalothrin

Cypermethrin

Deltamethrin

Fenpropathrin

Fenvalerate

Permethrin

R2 R1

except fenvalerate



4. N-methyl carbamate pesticides 

Testing scope ï16 N-methyl carbamate pesticides

Aldicarb Ethiofencarb

Aldicarb sulfone Isoprocarb

Aldicarb sulfoxide Methiocarb

Bendiocarb Methomyl

Butocarboxim Metolcarb

Carbaryl Oxamyl

Carbofuran Promecarb

3-hydroxycarbofuran Propoxur

R

Me

H



Sample preparation 

prior to analysis



Storage 

Ñ Fruit and vegetables             4oC

Ñ Meat                                      -20oC

Ñ Cereal and cereal products  room temperature (away from direct sunlight)

Our experience:

Beware of using pesticides

Our experience:

Enough room for sample storage 

(pre & post-analysis) 



Classification of Food Commodities

Codex Alimentarius

üVol. 2, Section 2: Pesticides Residues in 
Food, Codex Classification of Foods & 
Animal Feeds. [1]

üVol. 2A, Section 2.1: Analysis of 
Pesticides Residues: Portion of the 
Commodities to Which Codex MRLS 
Apply & Which is Analysed.[2]



Classification of Food Commodities

Type[1] Group[1] Analytical portion [2]

Vegetables Leafy vegetables ñWhole commodity after removal of obviously

decomposed or withered leaves.ò

Fruits Stone fruits ñWhole commodity after removing stems & stones 

but the residue calculated & expressed on the 

whole commodity without stemò

Grasses Cereal grains ñWhole commodityò

Mammalian 

products

Meat ñWhole commodity.ò



Testing



Testing procedures

Ñ Organochlorine

& 

Pyrethroid

pesticides

Sample homogenization

Extraction

GPC cleanup

Florisil column cleanup

Instrumental analysis



Testing procedures

Ñ Organophosphorus

& 

N-methyl carbamate

pesticides

Sample homogenization

Extraction

GPC cleanup

Florisil column cleanup

Instrumental analysis



50-100g fruit and vegetables

Sample homogenization

Our experience:

Sample size 

1. Reporting limit

2. Sample cleanup

3. Sample homogeneity

25-50g high starch food (cereal & cereal products)10-25 g high protein food (eg. meat)
1-2 g high fat food (eg. oil & fat) 
(direct dissolve in solvent ­GPC cleanup)
50g liquid (eg. beverages)



Extraction

Our experience:

Anhydrous Na2SO4

Incomplete removal of water 

­ low recovery of polar pesticides

200mL ethyl acetate for fruit and vegetables

300g anhydrous Na2SO4 

Surrogate standard solution

Homogenize for ~5 min

200mL ethyl acetate for cereal and cereal products

No anhydrous Na2SO4 

Surrogate standard solution

200mL ethyl acetate:petroleum ether (7:3) for meat

60g anhydrous Na2SO4 

Surrogate standard solution

10mL cyclohexane:dichloromethane (1:1) for oil and fat (in vol. flask)

No anhydrous Na2SO4 

Surrogate standard solution

200mL ethyl acetate for  beverages

300g anhydrous Na2SO4 

Surrogate standard solution



Surrogate standard solution

Ñ OC & PY ïPCB 209 (decachlorobiphenyl)

Ñ OP ïTPP (tri-phenyl phosphate) 

Ñ Carb ï4-Bromo-3,5-dimethylphenyl N-methyl 

carbamate (BDMC)



Extraction

Centrifuge for ~10 min

Filter the supernatant solution (through anhydrous Na2SO4)

Record the volume of the extract collected



Extraction 

Concentrate to just dryness using a rotary evaporator

Our experience:

Loss of volatile pesticide



Ñ Reconstitute in ­

cyclohexane:dichloromethane(1:1) 

Ñ Anhydrous Na2SO4 drying 

Ñ Filter 

For meat, fat content is needed to be determined.

Transfer exact amount of extract to a pre-weighed beaker.

Evaporate the solvent on a water bath.

Dry to constant weight in 105oC oven



Gel permeation chromatography (GPC) cleanup

Ñ Size exclusion 

Ñ Removal of large molecule matrix 

Ñ Oils & pigments 

Our experience:

Incomplete removal of non-volatile materials

­ deterioration of system performance



Gel permeation chromatography (GPC) cleanup 

Ñ GPC column 

60cm x 2.5cm id glass column packed with 60g 200-400 mesh 

Bio-beads SX-3 resin in cyclohexane :dichloromethane (1:1)

Ñ Mobile phase 

cyclohexane : dichloromethane (1:1)

Ñ Flow rate 

5mL/min.

Ñ Sample volume 

5mL

Ñ Collection time  

24-60min. 



Gel permeation chromatography (GPC) 

Concentrate to just dryness using a rotary evaporator



OC Florisil column cleanup GC-mECD

PY Florisil column cleanup GC-mECD

OP GC-FPD

Carb HPLC-FLD



Florisil column cleanup

Ñ Solid phase extraction

Ñ Removal of polar interference

­ most OP & Carb pesticides can not be recovered 

from Florisil column 

Our experience:

OP ïGC-FPD 

Carb ïHPLC-FLD

Better selectivity



Florisil column cleanup 

Ñ Florisil column 

Florisil 500mg

Ñ 1. condition  

10mL 15% ethanol in petroleum 

ether

Ñ 2. sample load 

Ñ 3. elution  

25mL diethyl ether in petroleum 

ether for OC & PY 

12.5 mL 50% dichloromethane/0.35% acetonitrile/49.65% hexane (v/v/v) 

and 12.5 mL 50% dichloromethane / 1.5% acetonitrile / 48.5% hexane (v/v/v)

for chlorothalonil (PAM)

Our experience:

Chlorothalonil 

Separate analysis



Florisil column cleanup 

Concentrate to just dryness under N2 stream



Instrumental analysis 

OC GC-mECD

PY GC-mECD

OP GC-FPD

Carb HPLC-FLD



GC ïmECD

ü GC conditions:-

Å Column : DB-1701, 30m, 0.25-mm i.d., 0.25-µm film thickness

HP-5, 30m, 0.25-mm i.d., 0.25-µm film thickness

Å Dual column analysis

Å Oven temp. : 100oC ­ 10oC/min. ­ 280oC (25min.)

Å Injection mode : splitless

Å Injection vol. : 1 µL

Å Injector temp.: 200 ºC . 

Å Detector temp.: 300 ºC

Å Carrier gas flow: 1 mL/min. nitrogen       

OC & PY

Our experience:

Dual column -

Eliminate false positive



Organochlorine pesticides (2 Groups)



Pyrethroid pesticides

Pyrethroids (multi-peaks)

­ isomers R2 R1




