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A Study on the Simplified Extraction and Cleanup
Technique for Organophosphorus and Organochlorine
pesticides in Vegetables

Ock-Kyoung Chun and Yong-Wook Lee
Graduate School of Public Health, Seoul National University

ABSTRACT

This procedure describes the method for gas chromatographic determination of 31 or-
ganophosphorus and 28 organochlorine pesticides in 10g of spinach, tomato and onion. After the pes-
ticides were extracted with several solvents, the amount of coextractives and recovery rates of a-
cephate and methamidophos were calculated. Samples for organochlorine pesticides were cleaned up
with florisil solid phase extraction columns. NaBH, was added to onion extracts, which contained sul-
fur compound. All the concentrated extracts were analyzed by gas chromatography with ECD and
NPD. The smallest amount of coextractives resulted from the spinach samples extracted with 5%
MeOH in ethyl acetate. 5% EOH in ethyl acetate had the highest extractability for acephate and
methamidophos and gave the best overall performance as an extraction solvent. The ability of 5%
EOH in ethyl acetate to extract various organophosphorus and organochlorine pesticides from spi-
nach, tomato and onion was examined. Recovery of 59 insecticides ranged from 58.0% to 110.5%.
The average recoveries of fortified spinach, tomato and onion were 90.08%. 94.54% and 84.90%,

respectively.
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2. Ao S 717

1) A2k

(a) Hexane, acetone, methanol, ethanol, ethyl
acetate, toluene, and methylene chloride-3Ha%

Table 1. Organophophorus insecticides : CAS registry
numbers, standard mixture, typical re-
tention times(RT) under standard con-
ditions (PAS-1701)

CAS standard RT

Compound ; mix.(conc., .

registry ppm) (min)
Methamidophos 10265-92-6  C(10) 3.623
Dichlorvos 62-73-7 B(10) 3.762
Acephate 30560-19-1 C(10) 5.475
Omethoate 1113-02-6 A4) 6.828
Dimethoate 60-51-5 A 8.379
Diazinon 333-41-5 B(2) 9.148
Etrimfos 38260-54-7 A9 9.660)
Chlorpyrifos-methyl  5598-13-0 C(4) 10.991
Parathion-methyl 298-00-0 B(5) 10.996
Metalaxyl 57837-19-1 AC10) 11.410
Pirimiphos-methyl  29232-93-7 B(2) 11.942
Fenitrothion 122-14-5 C(4) 11.977
Malathion 121-75-5 A(2) 12.245
Fenthion 55-38-9 B(4) 12.638
Chlorpyrifos 2921-88-2 Al4) 12.705
Parathion 56-38-2 C(4) 12.735
Chlorfenvinphos 470-90-6 A(®) 13.596

Pendimethalin 40487-42-1 B(1() 13.728

Procymidon 32809-16-8  A(10)  13.974
Phenthoate 2597-03-7 B(2) 14.088
Triadimenol 55219-65-3 Ccam 14.109
Methidathion 950-37-8 B(4) 14.539

2439-01-2 C4) 14.591
115-90-2 C(4.5)  16.403

Chinomethionat
Fensulfothion

Ethion 563-12-2 A(2) 16.649
Carbophenothion 786-19-6 B(4) 17.304
Edifenphos 17109-49-8 A(5) 17.477
Propiconazole 60207-90-1 C(1m  17.670
Azinphos-methy! 86-50-0 A(4) 19.429
Phosalone 2310-17-0 B(4) 20.934
EPN 2104-64-5 A(4) 21.023
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ef 418 (Wako, Japan)

(b) Sodium sulfate anhydrous granules-ACS
reagent grade (Fisher Scientific) ethyl acetate®
A F1200CollA] Az

(¢) Decanol keeper-5 mi®] decanol& 95 mi2|
acetoneel A7}

2) B4 FeoF

2} EFTEE Riedel-de Haen*HGermany)st
WakoAHJapan)®] Z-& Ap&slelom 25 mgH-&
25 m/ methanolell %93 1000 ug/m/2] standard
solutiong & F, toluened ARg-sled whA|3A

Table 2. Organochlorine insecticides : CAS registry
numbers, standard mixture, typical reten-
tion times(RT) under standard conditions

(SPB 608)
standard
Compound CAS mix.{conc., RT

registry ppm) (min)
o-BHC 319-84-6  A(0.5) 8.893
v-BHC 58-89-9 B(0.5) 10.531
B-BHC 319-85-7 A(0.5) 11.010
Heptachlor 76-44-8 B(0.5) 12.113
Chlorothalonil 1897-45-6  A(0.5)  12.333
8-BHC 319-86-8 B(0.5) 12.498

Chlorpyrifos-methyl* 5598-13-0  A(0.5)  13.208
Aldrin 09-00-2 B(0.5) 13.476
Chlorpyrifos™ 2921-88-2 A(0.5)  14.810
Dichlofluanid 1085-98-9  B(0.5) 15.204
Heptachlor epoxide 1024-57-3  A(0.5)  15.894

Procymidone™ 32809-16-8  B(0.5)  17.190
a-Endosulfan 959-98-8 A(0.5) 17.362
2,4-DDE 3424-82-6 B(0.5) 17.371
4,4-DDE 72-55-9 A0.5) 18.491
Captan 133-06-2 B(0.5)  18.593

Folpet 133-07-3 A(0.5)  18.696

Dieldrin 60-57-1 B(0.5) 19.418
2,4-DDD 53-19-0 B(0.5) 19.418
Chlorobenzylate 510-15-6 AC0.5) 19943
Endrin 72-20-8 B(0.5) 19.972
2,4-DDT 789-02-6 A(0.5)  20.643
4,4-DDD 72-54-8 B(0.5)  20.754
B-Endosulfan 33213-65-9  A(0.5)  20.786
4,4-DDT 50-29-3 B(0.5) 21.951
Endosulfan sulfate  1031-07-8  A(0.5) 22.680
Dicofol 115-32-2 B(0.5)  24.658
Captafol 2425-06-1  A(0.5)  24.748

91465-08-6  B(1.0) 25458
116-29-0 AC0.5)  25.929
68359-37-5 B(0.5)  29.300

A-Cyhalothrin
Tetradifon
Cyfluthrin

shsdct.

71204+ 37§49 mixture(Table 1)2, 28|32
F719 &A1= 2709) mixture(Table 2)2 gHEo] A}
£-3hdch

3) 24 7]7]

(a) Gas chromatography

Model : HP 5890 series 11, II plus

Detector : ECD, NPD

Column : SPB 608 capillary col. (30M X 0.53
mm X (.50 m)

PAS-1701 (25M x0.32% 1.0 m)

Data processing : HP 3365 Chemstation

HP 3396 series Il integrator

(b) Florisil solid phase extraction columns-6
m/, 100 mg, disposable (Waters)

(c) Rotary vaccum evaporator-Buch RE-110

(d) Shaker-Sugiyama-gen Irki model ELVIS

3. 824 9y

1) Solvent®™] matrix coextractives 23 0]

83 EFg=E AFH AR 10 goll 50 g2 so-
dium sulfate®} Z+zt b2 93:29] Loll(Table 3)&
100 m# o 5% £E F ofnjgich o3} At
A F 10 miE #Hal 40°C2] evaporatorel ] F&ich,
Loz} of debrt F acetone 2 mloll Fo o] F 2
WE- HP 5890 series II plus Gas Chromatogra-
phyell4d PAS 1701 #¥e] #a=l NPDel 4,
volatile coextractive content®] Z peak areas A}
Z v)wstgdct

2) SAR-7120 Aol gt 348 vl

$2] & AHA coextractive?d] <ko] WA
AZ 4%2 Lofol A& {71 B F FAe
£ acephate 2} methamidophos®] 3448 AHE
w]sked et

Table 3. Tested solvent mixtures

* Organophosphorus pesticides

100% Acetone (control)

5% MeOH in Ethyl acetate

10% MeOH in Ethyl acetate

20% MeOH in Ethyl acetate

5% EOH in Ethyl acetate

10% EOH in Ethyl acetate

20% EOH 1n Ethyl acetate

10% MeOH in Methylene chloride
20% Acetone in Ethyl acetate
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3) A8 544 38 54
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2ste] Table 65 e 4522 XF49E spike
A}zl ¥ 5% ethanol in ethyl acetated -4} 23}
DellAl e} 3k Ao g 28 5 40 mio AHe
< & 20 mit ¥53 H acetoneol| ¥ NPDE
2AAsg] o0 3R] 20 mi= florisil SPE column
o2 A ¥ ECDE #4319t

4) ¥z} 29 313HEoll iyt NaBH.2| A|A &3t

ofgl %% o]A whilell NaBH.& 40 mgi e
24 apgE] o7 el A AL lertE
Barsigich.

IIL. A3 % T§

AFgeke] Bzt A8 Fo visetd #
71eu & At} REshE A RE AAgc
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Acetone”™ & mx o] AEL A A& F U
o] AcCNEY =29 Al o] Z2AE dol
3 BolsR] goem i splFEol AFHOR AL
23 4 gl o}, AFFeke] co-extractives® T§A
ez d#el AAYE Aol b ® Ac-
CN& v|2e] AQACAA §7]alxel f7]92A
o] FAAF Y APala glow] ol n W
A3 Bl ARRE S Qe fats, wax 52
Ev liphophilic materialse] $&=7] ¢¢ov &
] aqueous AcCN-2- AcCN % AcetoneR i H4
2343} E3te] A3AE ZHE b vl g-o] H]
51 E-Ao] = A7} el st
o) g}ztol Acetoneolt AcCN#} Z-& FAe] &
£84 Sl E A}83 4 7HE insecticidesE F
Z3 45 ks AL glont ol vhEke) 5
A
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2280 YA ZEEnE A-NFe] AHAA,
salting out T e| Frjeto} geh”

33 Holstege 58 AA4F 2 $F3 FE OP
£ ZZ3}&d] polar, water-immiscible organic
solvent®4] 10% methanol in methylene
chloride(v/v)E AHg&ste] w9 Al&L3HAl OP&
screendtgl ot 542 713l ghvl4t halogenated
solventzhs ol A Ab2-o] A} ™

Methanol Carbamate® "} djAl&e] F&
o] Acetonert} FA|ub A goll uep= FE4
o] oj3br}t & B got SARE Al EA elle Rt
Aoz AlgEw 1A et

uleba] oleidt FAYES Bkstaat S48
o} w|FALuE HAs) Egsie] AgsESLY
pHE 24§24 && f7libEe] SulFog o
AEE 722 A&7 98 neutral phosphate buff-
erg A7shr| = g

oltl Al& oAl methylene chloride®} a-
cetonitrili#} 72 halogenated solvents %2 54
3} Ae) v)&g Frekste] A4 FH I methanol#
ethanol2 water miscibility7} 27] wj&ell, & to-
luene, propanol, larger alcohols, iscoctanedt cy-
clohexane2 34HAdo] ®Wofz}7] uwFof A2} A]Z 2
o acetone control groupL 2 EFAIZch A
ko] 22 A FA A BT oz S FAo]
o2 97le) 52 4l coextractives® AHEEH 2
3} Table 49} Zgkct.

o} ol 2|3} methanol®} ethanol®] &Hedn]7}

Table 4. Matrix coextractives from 10g spinach sam-
ple extracted with 100ml solvent mixture

Solvent mixture total area( x 1000)

5% MeOH in Ethyl acetate 443
10% MeOH in Ethyl acetate 465
5% EOH in Ethyl acetate 478
20% MeOH in Ethyl acetate 540
10% EOH in Ethyl acetate 650
10% MeOH in Methylene chloride 651
20% Acetone in Ethyl acetate 743
20% EOH in Ethyl acetate 769
100% Acetone (control) 963

Table 5. Recoveries of 10g spinach fortified with a-
cephate and methamidophos at 5ppm (n=5)

(Unit : %)
Solvent acephate methamidophos
5% MeOH in 86.46 £0.10 91.1910.10
Ethyl acetate
10% MeOH in 83.82%0.06 85.401£0.02
Ethyl acetate
5% EOH in 99.34+0.01 101.41£0.04
Ethyl acetate
209% MeOH in 86.43+0.04 89.92+0.04

Ethyl acetate

Korean Journal of Environmental Health Society, Vol. 23(1)
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Zo} A$E coextractive®] ofo] WolH1 5%
MeOH in ethyl acetate”} coextractive2| oFo] 7}
2 e ez vehton G A g acetones A}
431918 o A1 B oFS el

Coextractive®] §ae] 42 #2082 4F2| 44
of dis) Fr|dA F Aol 7F & acephate2t
methamidophos®] #5888 &3 A= Table 59}
Zro]| vepyte).

o] Aol w2 5% EOH in ethyl acetate”}

A F-oll gk 3]4=Fo] 71 & 722 eyt on
wex] A gH 3egS 2 ste o] £0)E ALE
slodch

822 multiresidue methods florisilo] v}

alumina, carbon#-2- absorption column® ©]-&%h

A& 23t oo wE A= material?
A3} ok, sorbent?] particle size 2 activity, 271
Zo| AEE, &5 AT 74, solventel] &
& sorbent®] A3t Hx, 2%, AHREN coex-
tractives®] 4 ¥ column?) loading”]%l w2t
a2 EFrE FeluAl Hrh® o]F  absorption
column< & F43 9] solvent mixtureS AH8-3}o]
FAlo] AL residues 58 FEAI71AL FAe] &
coextractivesZ columntfell AFAZ 224 &
A A3E AL 5 Aok

7)1 A L] Aol vl G SAE un
glom 2 florisil AAE FalA ] FAe] & coex-
tractives?} #2l& 4= 9l o} frIAAL] A5 ¥

 E2 FAE wagle] o] WS o8 gl

<

Table 6. Recoveries from 10g spinach, tomato, and onion fortified with organophosphorus and organochlorine (n=5)

(Unit : %)
fortification average recovery (%)
Compound level, ppm - -

' spinach tomato onon
Acephate 4 81.6 33.0 73.3
Azinphos-methyl 4 97.9 103.2 100.2
Carbophenothion 4 81.8 97.3 60.6
Chinomethionat 4 89.3 107.6 83.6
Chlorfenvinphos 8 86.9 95.7 814
Chlorpyrifos 4 96.4 93.9 80.1
Chlorpyrifos-methyl 4 97.7 94.3 92.5
Diazinon 2 92.6 94.8 86.6
Dichlorvos 5 73.9 85.8 67.8
Dimethoate 4 914 96.2 87.5
Edifenphos 2 89.0 95.2 89.5
EPN 4 96.0 98.4 89.6
Ethion 2 77.8 85.5 75.2
Etrimfos 1 90.1 94.6 83.1
Fenitrothion 4 84.3 91.0 65.6
Fensulfothion 2.3 94.3 105.5 96.3
Fenthion 4 714 76.6 65.1
Malathion 2 94.0 95.3 86.5
Metalaxy! 10 90.7 99.8 67.0
Methamidophos 2 85.7 924 85.6
Methidathion 4 91.7 103.8 79.2
Omethoate 4 94.9 91.9 85.4
Parathion 4 75.8 94.9 69.8
Parathion-methyl 1.1 93.8 97.3 86.1
Pendimethalin 4 83.4 92.0 58.0
Phenthoate 2 96.1 98.0 73.6
Phosalone 4 96.7 99.4 91.6
Procymidone 10 83.1 83.9 79.0
Propiconazole 10 89.3 104.4 86.7
Pirimiphos-methyl 2 87.4 93.7 86.3
Triadimenol 10 93.7 103.0 84.1
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Table 6. Continued. (Unit : %)
fortification average recovery (%)
Compound ;

level, ppm spinach tomato onion
Aldrin 0.3 83.6 86.4 84.0
o-BHC 0.2 96.9 101.1 92.3
B-BHC 0.2 92.5 100.4 99.3
vy-BHC 0.3 95.4 94.8 95.5
8-BHC 0.4 86.3 92.8 86.3
Captafol 0.3 94.1 92.9 914
Captan 0.3 79.2 77.3 76.4
Chlorobenzylate 4.0 88.2 90.9 90.9
Chlerothalonil 0.3 87.5 94.0 95.9
Chlarpyrifos 0.5 100.0 99.1 98.2
Chlcrpyrifos-methyl 0.5 110.5 104.0 97.9
Cyfluthrin 1.0 89.5 91.1 86.3
A-Cyhalothrin 0.5 98.7 98.2 97.3
2.4-DDD 1.0 97.4 97.3 93.7
4.4-DDD 0.5 103.7 109.8 97.7
2,4-DDE 0.5 89.5 94.6 90.1
4,4-DDE 0.5 99.8 103.4 93.8
24-DDT 0.5 88.6 93.7 95.1
4.4-DDT 0.5 90.4 39.5 88.0
Dichlofluanid 0.5 87.3 91.8 77.9
Dicofol 0.3 94.3 98.7 92.9
Dieldrin 0.2 75.0 81.3 72.0
a-Endosulfan 0.5 101.8 101.3 97.3
B-Endosulfan 0.5 97.0 99.1 87.3
Endosulfan sulfate 0.5 88.3 94.4 81.2
Endrin 0.5 85.4 89.8 86.5
Folpet 1.0 82.2 83.5 72.2
Heptachlor 0.5 83.5 87.6 86.8
Heprachlor epoxide 0.5 82.3 84.3 75.4
Procymidone 2.5 90.3 95.5 89.9
Tetradifon 0.3 97.0 94.5 97.1
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Korean Journal of Environmental Health Society, Vol. 23(1)



72 Ock-Kyoung Chun ef al.

START

2.812

4.041

18 516
%

Clg,_j?s 13.452
. 15.18%
£ 1o 29

= 19,486

21 340

stop (a)

ﬁﬁﬁﬁﬁ

11111

26.207
% 47
%

sTOP

(b)

Fig. 1. GC/ECD analysis of organophosphorus pesticides : Comparision of the onion sample (a) with the addition

of NaBH, (b) no NaBH, addition sample

o] 1@l o3}l NaBH.2 H7F2 wbs) 242 of
A gapd o AA=gd o el AFA
o} Evpgo] wls| Abes] WeA]= 1o Ho} o]
of &k wr} Ashxl 77k Hasieha A7k

IV. By U &&.

A sl 93 & &S Aol A} A
A E Ao zste] & Lo coextractive?|
of, FA13gEol thE 3§88 vl EAEie] M4
gk guf& ARG 5 AF3], 2etE, e A8y
F71A, G aA ess SHG A oHF

& A}

1)
X
m
flo
o iihs

1. 10 =2 Al&el N3t 4-wi8 coextrac-
tive?] °<}° £43F 23 5% MeOH in Ethyl ace-
tate<10% MeOH in Ethyl acetate<5% EOH in
Ethyl acetate®] 22 vhepyle},

2. FAdol 2 HrlaAl 3H3HEQl acephate
methamidophos®] 3]4=&& 43 A7 5% EOH
in ethyl acetate’} 74 &7 velygeh

3. AgA, Boig, SuE dAf A g2t {71

oA, F7ld A Fokel HF Hegd AT A

lo
>

7t

\I

:4_
Jk
ogJ
ﬁ.

} 3 90.08%, 94.54%, 84.90%% viebyct.

st chko g dhpste okubo diE)
NaBH,Z 23 23} gslghEof 23t 7t
AaElgden 3 5go) it Aot e

2

EX

=

°
“

0ok

T}

30K

1) Bk, kb woksh &t A2, 1990

2) FF3AE 3] S 2 onl gk
Al 8N 3 12(3), 1991.

3) Ambrus, A.: IUPAC Reports on Pesticides(21) :
Application of Multiresidue Procedures in Pes-
ticides Residues Analysis. Pure Appl. Chem. 58,
1035-1062, 1986.

1) BRI 2AFY EABESAN  AF T AA
Saga APmsEas A kel B3
7, 1991.

5) Holstege, D.M., Scharberg, D.L., Tor, E.R., Hart,
L.C.. Galey, F.D.: A Rapid Multiresidue Screen
for Organophosphorus, Organochlorine, and N-
Methyl Carbamate Insecticides in Plant and An-
inal Tissues. J. Assoc. Off. Anal. Chem. 77, 1263-
1274, 1994.

6) Blaha, J.J., Jackson, P.J.:Multiresidue Method

Korean Journal of Environmental Health Society, Vol. 23(1)



A Study on the Simplified Extraction and Cleanup Technique for Organophosphorus... 73

for Quantitative Determination of Organophos-
phores Pesticides in Foods. J. Assoc. Off. Anal.
Chem. 68, 1095-1099, 1985

7) Sasaki, K., Takashi, S., Saito. Y. : Simplified Clean-

up and Gas Chromatographic Determination of Or-
ganophosphorus Pesticides in Crops. J. Assoc. Off.
Anal. Chem. 70.460-464, 1987.

8) Luke, M.A,, Froberg, J.E., Masumoto, H.T. : Ex-

traction and Cleanup of Organochlorine, Organo-
phosphate, Organonitrogen, and Hydrocarbon
Pesticides in Produce for Determination by Gas-
Liquid Chromatography. J. Assoc. Off. Anal.
Chem. 58, 1020-1026, 1975.

9) Luke, M.A., Froberg, J.E., Doose, G.M., Masumo-

10)

to, H.T.:Improved Multiresidue Gas Chro-
matographic Determination of Organophospho-
rus, Organonitrogen, and Organohalogen Pes-
ticides in produce, using Flame Photometric and
Electrolytic Conductivity Detectors. J. Assoc.
Off. Anal. Chem. 64, 1187-1195, 1981.

Lee, S.M., Parathakis, M.L., Feng, H.C., Hunter,
G.F., Carr, J.E. Fresenius: Multipesticide resi-
due method for fruits and Vegetables : California
Department of Food and Agriculture. J. Anal.

11)

12)

Chem. 339, 376-383, 1991.

Kenneth, H.: Official Method of Analysis of the
Association of Official Analytical Chemists, 15th
ed., Virginia, 1990.

FDA. U.S. Department of Health and Human
Services : Pesticide Analysis Manual Vol.Il., 1989.

13) Holstege, D.M., Scharberg, D.L., Richardson, E.

R., Moller, G.:]. Assoc. Off. Anal. Chem. 72,
394-399, 1991.

14) Ali, M.S. : Determination of N-Methylcarbamate

15)

16)

17) Greve,

Pesticides in Liver by Liquid Chromatography. J.
Assoc. Off. Anal. Chem. 72, 586-592, 1989.
Krause, R.T.:Liquid Chromatographic De-
termination of N-methylcarbamate Insecticides
and Metabolites in Crops. J. Assoc. Off. Anal.
Chem. 68, 726-733, 1985.

Horwitz W., Kamps L. R, Boyer, K. W. : Quality
Assurance in the Analysis of Foods for Trace
Constituents. J. Assoc. Off. Anal. Chem. 63,
1344-1354, 1980.

P.A., Heusinkveld, H.A.G.:Med. Fac.
Landbouww. Rijksuniv. Gent., 46, 317-324, 1981.

18) BAEA R FAbE 3 AbRgek 8718, a4l 93

10235, 1993.

Korean Journal of Environmental Health Society, Vol. 23(1)



