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A Study on the Multiresidue Analytical Methods for Organophosphorus, Organochlorine, and n-Methyl

carbamate Pesticides in Food

Ock-Kyoung Chun, Kang-Moon Lee(Seoul Metropolitan Government Institute of Health and Environment)

ABSTRACT : A multiresidue method(MRM) for pesticides must be rapid and must test a wide variety of pesticides at relevant

toxicological concentrations.

In this study, three kinds of major analytical methods such as Korean Food Code Method, CDFA MRM, and Holstege’ s
method are tested to compare the average recoveries, solvent consumption, and required time for the analysis of 18
organochlorines, 18 organophosphates, and 6 carbamates in spinach samples.

Samples for pesticides analysis were extracted and cleaned up according to the respective methods and detected by gas
chromatography with selective detectors, ECD and NPD, HPLC with postcolumn reaction system(PCRS).

Average recovery of 42 pesticides by Korean Food Code method, CDFA method, and Holstege’ s method were 91.3%, 88.1%,
89.0%, respectively. Amount of solvent consumption and required time for the analysis of Korean Food Code method were
from two and a half times to three times as much as those of another two methods. For the development and legal application
of more rapid and effective MRMs, prolonged study is neccesary.

Key words : pesticides, agricultural food, multiresidue analytical method, Korean Food Code method, CDFA method,

Holstege’ s method
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1) Solvents : acetonitril, n-hexane, acetone, methanol, methylene
chloride, ethanol, ethyl acetate (all pesticide grades)

2) Sodium chloride(NaCl : purified crystals) : Tedia Co.

3) Sodium sulfate (Na,SO,) anhydrous granules : ACS reagent
grade(Fisher scientific) washed with ethyl acetate and oven-
dried at 120°C

4) Potassium phosphate buffer/brine solution : K,HPO,(211g} and
KH,PO,(121g) are dissolved in deionized and distilled
water(500ml). Adjust to pH 7.0 by Imol/l HCL. Dilute the
solution to 1 liter. Sodium chioride is added to the buffer
solution to make saturation while stirring constantly.

5) NaOH solution(0.2%) : NaOH(2.0g) pellets are dissolved in 1.0
liter water.

6) OPA solution : o-phthalaldehyde(0.1g, FLUKA Chemika Co.) is
dissolved in 10m] methanol and sodium tetraborate buffer
(Na,B,0; - 10H,0, 19.1g—1.0 liter water) is added to make |
liter then 2-mercaptoethanol (50ul, Sigma Chemical Co.) is
spiked.

7) Solid Phase Extraction(SPE) catridge : Aminopropyl-bonded
silica (1000mg, NH2 Sep-pak. Waters), Florisil(6ml tube,
Supelco)
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Table 1. List of pesticides : CAS registry numbers, standard mixture, typical retention time{RT) in experimental condition

Classification Compound CAS registry number Standard Mix (ppm) RT* (min)
Dichlorvos 62-73-7 2438 2438
Acephate 30560-19-1 4.740 4.740
Omethoate 1113-02-6 6.260 6.260
Diazinon 333-41-5 6.890 6.890
Dimethoate 60-51-5 7476 1476
Chlorpyrifos-methyl 5598-13-0 8539 8.539
Pirimiphos-methy! 29232-93-7 9.107 9.107
Parathion 56-38-2 9.627 9.627
Organophosphorus Fenthion 55-38-9 9917 9917
pesticides Chlorpyrifos 2921-88-2 10.514 10.514
Procymidone 32809-16-8 11.931 11.931
Phenthoate 2597-03-7 12.448 12.448
Methidathion 950-37-8 13.457 13.457
Ethion 563-12-2 14912 14912
Carbophenothion 786-19-6 15.514 15.514
EPN 2104-64-5 17476 17.476
Phosalone 2310-17-0 18.550 18.550
Azinphos-methyl 86-50-0 20.307 20.307
a-BHC 319-84-6 6.131 6.131
BBHC 319-85-7 6.461 6.461
y-BHC 58-89-9 6.806 6.806
Chlortharonil 1897-45-6 7.286 7.286
Heptachlor 76-44-8 8.712 8712
Aldrin 309-00-2 9.527 9.527
Captan 133-06-2 10.057 10.057
Folpet 133-07-3 10.284 10284
Organochlorine a-FEndosulfan 959-98-8 11.093 11.093
pesticides B-Endosulfan 33213-65-9 12.122 12.122
24-DDT 789-02-6 12.594 12.594
Endosulfan sulfate 1031-07-8 13.001 13.001
Tetradifon 116-29-0 15.131 15.131
A-Cyhalothrin 91465-08-6 16.248 16.248
Pemethrin 52645-53-1 17.219 17219
Cypermethrin 52315-07-8 18.191 18.191
Fluvalinate 102851-06- 19.397 19.397
Deltamethrin 52918-63-5 19.930 19.930
Oxamy] 23135-22-0 6.667 6.667
Methomyl 16752-71-5 7.383 7383
Aldicarb 116-06-3 13.133 13.133
Corbamates Carbofuran 1563-66-2 15.617 15.617
Carbaryl 63-25-2 16.617 16.617
Methiocarb 2032-65-7 20.133 20.133

* RT : retention time of GC on HP-608.

Table 2. Operating condition of gas chromatography

Pesticide Organophosphorus and organochlorine pesticides
Instrument HP 6890 series
HP-1 (HP. Co., 30m 0.53mm 0.88zan)

Column HP-608 (HP. Co., 30m X 0.53ma X 0.33 m)

Ultra-1I (HP. Co., 50m X 0.2 pa X 0.33m)
Detector ECD NPD

N, Smbmin

Flow N, 6.8mbmin H, 19mV/min, Air 60mV/min
Inj. temp. 230C 210C
Det. temp. 280C 260C
Oven temp. 140°C(2min)-8 T/min-240°C 160°C(2min)-15C/min-210C

(program) (5min)-10"C/min-280C(5min) (5min)-10°C/min-250°C(10min)
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Table 3. Operating condition of HPLC(high performance liquid chromatography)

Pesticide n-Methyl carbamates
Instrument Waters HPLC with dual postcolumn reaction system
Column Carbamate Analysis Column (3.9mmx150mm) (Waters)
Detector Fluorescence detector (Waters 474) : 339nm excitation,
445nm emission
Flow (solvent gradient) 1 ml/min, A : (12% MeOH), B : (ACN:MeOH:H,0=35:35:30)
0 min(A:B=100:0) - 20 min(A:B=0:100) - 23 min(A:B=100:0}
Dual postcolumn 0.05N NaOH at 0.5 ml/min for N-methy! carbamate hydrolysis
reaction 0.05% OPA reagent at 0.5ml/min for derivatization

Chop & Weigh 20g of Sample

Acetone 100ml x 2
[ Mixing |

5min

Filtering

HO 25ml

Evaporation
at 40T water bath

[ Saperate FunnelJ

OP” : 10% NaCl 400ml
OC? : 10% NaCl 100ml
CA? : 5% NaCl 200ml

Extraction

OP : n-Hexane 50ml x 3
OC : 20% CH:Cl/Benzenc 100mi x 2
CA : CHCl; 50ml x 2

Cleaning l
by HO 50ml
by NazSO4 anhydride

OP : Acetone 2ml —— GC-NPD
CA : MeOH 2ml —— 0.3ml + diluted HCl 3mi
oC 0.45m filter

Clean Up : Florisil Column

HPLC-PCRS

GC-ECD

Fig. 1. Diagrams of the analytical methods : (a) Korean Food Code method.
1)OP:organophosphorus pesticides
2)0C: organochlorine pesticides
3)CA: carbamates.
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Chop & Weighing 50g of Sample I

| Add AcCN 100ml

Shaking |

for 2min

[ Phase Separation

I

10ml AcCN X 3

with shark-skin filter paper
into glass container containing 10g of NaCl

for at least lmin

3 tubes

=

|
C A3)

|
Evap. to near dryness at 50C

E‘iap, Evl'ap.
S5ml Aceton 2ml Hexane 2ml 1% ll/IeOH/CHzch
\ prerinse with 5ml prerinse with
109% acetone/hex. 2ml 1%
OP Analysis 5ml hexane MeOH/CH:Clz
|
Florisil SPE Amin 1 SPE
GC-NPD | I L Amincpropy
,sample loading sample loading]
| Coliect Eluant | | Collect Eluant
5ml 10% ace/Hex X2
5ml 1% MeOH/CHLCl: X 2
| ]
Evaporation Evaporation
at 50C at 50T

IMass up to 5ml with hexane]

Mass up to 5ml with MeOH|

OC Analysis
GC-ECD

I'ig. 1. Diagrams of the analytical methods : (b) CDFA’ s method
1) OP: organophosphorus pesticides

KBS 5% N34 BB dael 2 498 53
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R gty
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REL M7 St o] N2 o& HP-608(30mx
0.53um X 0.33m), HP-1(30m 0.53mm 0.88pm) ¥ Ultra-1[(50m

2) OC: organochlorine pesticides

I

CA Analysis
HPLC-PCRS

3) CA: carbamates.
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Prepare 10 to 25g of thoroughly mixed sample
I Add liquid nitrogen

| for 1 min

ighing 10g sampl
[Welg £ e e| into homogenizing vessel

| add sodium sulfate 50g
5% EOH in ethyl acetate 100ml

Homogenizi
[ Homogenizing for 1min at high speed

Centrifuge .
at 1200rpm for 4min

40ml aliquot of extract into a 50ml test tube

R}PC Clean-up l
I .
! | 3 tubes
orP i oC CA
Evap. Evap. Evap. to nearI dryness at 40T
1ml toluene 1ml 10% ethy] acetate/Hex 1ml Hexane
| prerinse with 5ml EtAc prerinse with
OP Analysis 5ml hexane 5mi EtAc
GC-NPD 5ml hexane
| Florisil SPE | Aminopropyl SPE |
‘ sample loading sample loading
Collect Eluant Collect Eluant
15ml 10% EtAc/Hex
9ml Hexane
(discarded)
15ml EtAc
Evaporation Evaporation
e [Eveporation]
_ rMass up to 1ml with toluene ‘ [ Mass up to 0.5ml with MeOH J
OC Analysis CA Analysis
GC-ECD HPLC-PCRS

Fig. 1. Diagrams of the analytical methods : (c) Holstege’ s metho
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Fig. 2. Chromatogram of 15 pesticide standards on HP-608 column by GC-NPD
. 1.dichlorvos 2.ethoprophos 3.diazinon 4.phosphamidon 5.metalaxy! 6.pirimiphos-methyl 7.chlorpyrifos 8.fenitrothion 9.triadimenol
10.chinomethionat 11.phenthoate 12.profenofos 13.methidathion 14.EPN 15.phosmet.
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Fig. 3. Chromatogram of 33 pesticide standards on HP-608 column by GC-ECD

- .ethalfluralin 2.¢-BHC 3.7-BHC 4.8-BHC 5..heptachlor 6.chlorothalonil 7.8-BHC 8.alachlor 9.aldrin 10.dichlofluanid 11.heptachlor epoxide
12.procymidon 13.a-endosulfan 14.2,4DDE 15.4,4DDE 16.dieldrin 17.folpet 18.2,4DDD 19.endrin 20.2,4DDT 21.4,4DDD 22.8-endosulfan

23.4,4DDT 24.endosulfan sulfate 25.A-cyhalothrin 26.captafol 27.tetradifon 28.fenarimol 29.permethrin 30.8-cyfluthrin 31.cypermethrin
32 fluvalinate 33.deltamethrin. )
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Fig. 4. Chromatogram of 7 n-methy] carbamate standards on CAS column by HPLC-PCRS

: 1.aldicarb sulfoxide 2.aldicarb sulfone 3.oxamyl 4.ethiofencarb sulfoxide 5.aldicarb 6.3-keto carbofuran 7.bendiocarb 8.carbofuran 9.carbary!

10.ethiofencarb 11.isoprocarb.
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lable 4. Average recovery of organophosphorus, organochlorine, and n-methyl carbamate pesticides by three kind of methods

Pesticides* Average recovery (%) (mean£S.D.)
Korean method CDFA method Holstege’ s method

Dichlorvos 856£0.15 833+0.19 82.1£025
Acephate 76.0+0.66 79.840.17 81.8+0.16
Omethoate 7234084 79.11£0.06 7434009
Diazinon 9464023 96.010.17 9564025
Dimethoate 89.140.02 8434021 7334033
Chlorpyrifos-methyl 8774015 84.1+0.08 8264030
Pirimiphos-methyl 94340.01 89.6+0.16 9144021
Parathion 95240.06 93.040.22 94.740.24
Fenthion 92.14+0.55 9534008 962+0.17
Chlorpyrifos 9754023 9434031 94.0+0.11
Procymidon 9294038 91.1£0.34 89.940.27
Phenthoate 9314023 88.1+0.19 926+0.18
Methidathion 97840.12 93740.17 94.440.15
Ethion 95440.09 9144022 95040.10
Carbophenothion 99.6+0.56 95.6+0.14 96.1+0.22
EPN 9844022 933+0.09 94.74025
Phosalone 9754026 949+0.07 9434028
Azinphos-methyl 102240.78 96.3+021 95.7+0.29
a-BHC 812x0.17 82.610.10 8412007
BBHC 92340.72 85.940.03 89.840.26
y-BHC 96.7+0.48 9324+0.54 944+0.18
Chlortharonil 7894038 74240.12 75.0£0.17
Heptachlor 8234017 86.0£0.07 90.1+0.16
Aldrin 8754035 87.340.10 92640.17
Captan 93240.18 78.610.14 7994021
Folpet 94.4+0.11 7274027 76.61£0.44
a-Endosulfan 94.1+0.20 89.040.08 9274026
B-Endosulfan 9794032 90.9+021 96.5+0.25
24-DDT 863+0.19 91.440.10 93.140.11
Endosulfan sulfate 9644025 89.7+0.27 9244007
Tetradifon 91.0+096 9324024 90.0+0.50
A-Cyhalothrin 92040.13 76.6£0.10 88.7+0.13
Pemethrin 89.740.19 84.240.06 85.1£0.03
Cypermethrin 88240.12 79.640.10 833£007
Fluvalinate 9234009 8484022 86.0£0.44
Deltamethrin 94.8+0.32 87.7+0.30 8934034
{Oxamyl 89.7+0.03 87.9+0.09 86.110.83
Methomyl 91.040.56 89.1£0.07 89.84039
Aldicarb 84.1+£0.01 92.440.10 86.3+0.06
Carbofuran 90.6+041 95.1+£0.22 96.6+0.12
Carbaryl 8731032 89.7+0.05 83240.18
Methiocarb 9961028 93.5+0.17 95.440.07

Average (%) 913 $8.1 89.0

*. All the pesticides used are significantly different(p<0.01) in three analytical methods except for chlorpyrifos-methyl and chlorpyrifos.

Table 5. Summary of three type of methods S 9A BEHo) Ade A AT §2AY
Korean Food Code ~ CDFA’s Holsicge's =y Ted 2 o, R0 REST EEE] THY 5
method method method o s e B
Solventused(m!) 350 ~ 450 125 ~ 150 130 ~ 150
fotaltme clapsed. 1) 10 60~ 60 ~ % #a1zH
(min)
A L FTUYY (1992), ¥ - #RFH ER, 4-47

o) 4o HR HR feutd REH T AARR 2. 3FTAY (1994), ¥ - 483 AN
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