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Efficiency of Eluting Solvents for Solid-Phase Extraction During Multiresidue Ana-

lysis of 16 Pesticides in Cucumber

Ock-Ju Tu, Bo-Kyung Jung, Gyung-Sig Kim, Eui-Geun Jeong, Jin-Gon Kim, and Myung-Hee Kim (Seoul Metro-
politan Government Research Institute of Public Health and Environment, Seoul 137-130, Korea)

ABSTRACT: A study was carried out to optimize the cleanup step using a solid-phase extraction (SPE)
cartridge, SupelClean™ Florisil, for multiresidue analysis of 16 pesticides in cucumber matrix. Eluting
efficiencies of two solvent systems including acetone/n-hexane and ethyl acetate/n-hexane mixtures were critically
evaluated by recoveries of target anaytes from the SPE Florisil column. Based on the recovery as a measure of
eluting efficiency, an acetone/n-hexane (20/80,v/v) mixture provided more than 80% recovery for 15 pesticides
except bifenthrin. In case of ethyl acetate/n-hexane, 14 pesticides showed recoveries higher than 75%, while

those for alachlor and bifenthrin were less than 30%.

Keywords: pesticide, solid-phase extraction, multiresidue analysis, eluant, cleanup
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B AFo) AME-E alachlor, chlorothalonil, a-endosulfan, B-
endosulfan, endosulfan sulfate, fenarimol, ethalfluralin, trifl-
uralin, iprodione, vinclozolin, dichlofluanid, procymidone,
bifenthrin, tetradifon, cypermethrin, fenvalerate®] th4} zoF
=& YA EFE8 Riedel de Haen AHGermany)e) #)
F5 ARSI BAEAG AR ST g 9]
PIEES A group 9F)F B group (75) 02 FEaHL
7k sl oF 10 pg/Le] FE7} == n-hexaned]
AHom 77124 st 2ol A SO ALgaI%T
AL 245ZF (solid-phase extraction, SPE) 7lEZ|A|2&
Supelclean™ Florisil cartridge (1 g packing, 6 mL tube)Z
Supelco AHUSA)ZHE +9 AFE-3FGTh 42l acetone,
acetonitrile, ethyl acetate & n-hexane2 Wako Pure Chemical
() AE Besekiae-e AL88%ch Sodium chloride
5 7l Aoke BA8 57 Aok AHEAIRI:

BN off

358 AFY o FekeRE Il AlE FARE FolA
AT AFE Fore FHOR sl 16719 FHS A5
of A7 o sglor], BAE urt folspl s 915
of FgrtEadeM HE-F AZto] FAA ¥EF alachlor,
chlorothalonil, a-endosulfan, f-endosulfan, endosulfan sul-
fate, fenarimol, ethalfluralin, trifluralin, iprodione (o] A
group), vinclozolin, dichlofluanid, procymidone, bifenthrin,
tetradifon, cypermethrin, fenvalerate (¢]%+ B group)2] 5 7
group S & LrolA] Agel] AMR-aH1.

Table 1. GLC operating parameters for the analysis of pest-
icide residues

Instrument Hewlett Packard (USA) 6890 gas

chromatograph

Detector 63Ni-Electron capture detector(ECD)

Column HP-1701 fused silica capillary column

(025 mm id. x 30 m, 0.25 unfilm thickness)

Column 150C(hold for 2 min) to 240T at
8C/min, hold for 2 min, and to 280T at
8T /min, and then hold for 6 min

Detector 280C

Injector 230C

Carrier N, 1.5 mL/min

Temperature

Gas flow rate

th&247) (Blixer plus, Robot coupe, France)ol] Zo}rf bzt
50 ¢ WS HH3 oS 919 A B groupd) wofo] ¥3E &
FEFAS A7 WA} 00] 50 gl A FOl AT
7k oF 10 my/Lol HES Sglth ok W7k 2ol
acetonilrite 100 mLE- 7}5}aL high speed blender (Omni ma-
cro homogenizer, International Warterbury, USA)ollx] sk
3 T oA E F3| JH3rh Acetonitrile el Nall
ok 10 g Hristed AFsA &€ & 3087 AANAT &
29] acetonitrile Zo)A 242 10 mL & #Hslo] AL 3F 3}
ol 50T 24z (A, F=)dolA F=star it
o hexane 2 mLS 7Fslo] A|82lst3th: Hexane 8-3fel
SPE Forisil cartriges] 718t 3 olefoll BAIG z17ke] &%
Su1% AgSIS] 5 mL Mog 28 8EAAT: 2 5L
15 ml 8] Agie] wol AxTIF 8 0T FEs
31 ZALE hexane 2 mLol A|-&38}e] gasliquid chromato-
graphy (GLO) ¥448 Aln2 AHgsigich 74 sopdel 4
A A AH2E 82 EFEMEE acetone/n-hexane 2 ethyl
acetate/n-hexane E3ol-S AMESIG N FAL Z7F 5/9%,
10/90 2 20/80(v/v) ©]iTh
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Fig. 1. GLC chromatogram of the extract from cucumber fortified with 9 pesticides(A group). SPE Florisil column was eluted
with 20/80(v/v) of acetone/hexane mixture. Peak identity: 1, ethalfluralin; 2, trifluralin; 3, chlorothalonil; 4, alachlor; 5,a-endosulfan;

6, p-endosulfan; 7, endosulfan sulfate; 8, iprodione; 9, fenarimol.
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Fig. 2 GLC chromatogram of the extract from cucumber fortified with 7 pesticides(B group). SPE Florisil column was eluted
with 20/80(v/v) of acetone/hexane mixture, Peak identity: 1, vinclozolin; 2, diclofluanid; 3, procymidone; 4, tetradifory 5,

bifenthrin; 6, cypermethrin; 7, fenvalerate.

FoFe] 3R #4 A) SPE Florisil ol Sopine
82A17)=vlell acetone} hexaneo] EZHETE ALE3}] ala-
chlor, chlorothalonil, a-endosulfan, B-endosulfan, endosul-
fan sulfate, fenarimol, ethalfluralin, trifluralin, iprodione (©]
‘¢ A group)#} vinclozolin, dichlofluanid procymidone, bife-

nthrin, tetradifon, cypermethrin, fenvalerate (¢]% B group)
S 1639 FopdRe 3488 PHse g Ane 44
Table 2, 33} Zth A group?] 9% Feke] EXZARE W,
ethalfluralin® 5% acetone/hexaned AFE3S o F4-89]
85.1%31, 10% acetone/hexane?] 73-$= 89.8%, 20% acetone/
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Table 2. Elution profile of A-group pesticides on SPE Florisil
cartridge using acetone/hexane mixtures as eluting solvents

Table 3. Elution profile of B-group pesticides on SPE Horisil
cartridge using acetone/hexane mixtures as eluting solvents

Pesticides  FOrtfication * Recovery(%)”

(mg/kg)  A/H (5/%) A/H (10/%) A/H (20/80)
Ethafluralin 1.8 8516025 8984012  1028:011
Trifluralin 0.94 761011 6008 1080023
Chlorothalonil 1.6 9651021 931006 10192001
Alachlor 108 564015 7524007 8081001
oFndosulfan 103 %3009  9%69+0.09 949010
pEndosulfan 108 917:004  898:0.08  107.6+010
findoslfan 1001 410:012 7981007  1072:010
Iprodione 1.07 0 9714013 103.2+0.09
Fenarimol 098 0 81021 921015

A acetone, H: hexane.

¥ Mean values of triplicate determinations with standard devi-
ations.

hexanes AREE A9 1028%9 34+8S Yehhgrk
Trifluralin, chlorothalonil, a-endosulfan 28]3 B-endosulfan
% ethalfluralin®} w}27}A 2 hexaned] thdh acetone?] &
glgo] 7K ot Bo = 3582 Yehhed),
5% acetone/hexaneS- ARE3}SIS o] 73.6~96.5%, 10% ace-
tone/hexaneS- AH8-3 Ao 73.6~93%9 3]48L H
$3, 20% acetone/hexane S AMESIES o) 714 o S
¢l 949~107.6%2] 35-&S d& 4 99rtk Alachlor, end-
osulfan sulfate, iprodione =121, fenarimol®] A-$-= 5%
acetone/hexane_j B2AA AASGE w, 0~-41.0%2] o
& B85S Uehlol 90 5559 o AR @
ﬂ 5%.4 acetone/hexaneo] Florisil Zo] E25 o] ok
AES F83) SAA7)R 2RSS & 4 gk 3 10%
acetone/hexane& A}8-31 79, alachlors 75.2%, endosulfan
sulfater= 798% Z12]31 iprodione-2 97.1%2] 3488 R
of M R A B W ferarimole] B9
531%2 & 3445 WYl 2zt o)E alachlor® v|&
2 ) 9] 59} AT ctballralin 5 velA 552 okl
w27 A= 20% acetone/hexaneg ARgEle BESAIA EAF
S W= R1~1076%2] FL 58-S UYehigick
B group®] 52FS- acetone®} hexane?| EF-E|ES A A4
o183k B4 T B4 F 2HE AU dichloflu-
anid—‘: 5%9] acetone/hexaned AREE}I-S o 124%9] 3|4
Aolx 5%2] acetone/hexaneo] AA|-gu]zA] R8st
,\P_i A7k=m, 10% acetone/hexaned} 20%<] acetone/
hexaned| & 90.0%$} 1012%°] =& 3489 M
Bifenthrin®] 749-+= 5% acetone/hexane®} 10%9] acetone/
hexaned AMG-31E o 3lgo] 80%oow 2o AR
YERA HBE, 20%2] acetone/hexane g AMg-5te] AAA 71 A

Pesticides Fortification : Recovery(%)a)

(mg/kg)  “A/H (5/9) A/H (10/%0) A/H (20/80)
Vindozolin 1.03 B6006  9BI013 9711011
Dichlofluanid .00 124:000  900:036  101.2:026
Procymidone 102 8124008  914:003  85.5:002
Bifenthrin 112 8931040  871:021 5212070
Tetradifon 102 9B31010  N2:007  843:002
Cypermethrin =~ 128 8944012 1044:047  1050:017
Fenvalerate 140 8491021  946:029  911:007

A acetone, H: hexane.
¥ Mean values of triplicate determinations with standard devi-
ations.

Tolle 238 wie wE 521%9] 35&S Uehidith o
T 232 A93 UHA B groupe] 539 FoE acetone?]
hexaneo]] W&k Ehl&o] AARL0] 80% o9 F& 34-&

< YERIIT

Acetone2 ¥|wA Ze FA4S Wi v F718ulEA,
71 ugo] Frhglel wet tiREe Fok AR F4go] =
7¥ehe At velde), o] d7te] B4 didde] H 1639

Fodwe AL H?ﬂ AR HAe A F GA A
= 828024 5%2] acetone/hexaned AME3IHL W=
16%2] soFHE F alachlor, iprodione 5 5%9] ¥okolA
3j4go] 50% vhoR BaFslodr, ARgslrlel HARkE A
o F FAET, 10%4] acetone/hexane s /‘P?—?SP A=
fenarimolS- A|€Jgk 15%-9] FodE9] 3J5&0] 70% o]de.
2 UElkor, 20%9] acetone/hexaned AME3 A9oll=
bifenthring- A|jgt 15%2] FoFe] 3]4-80] 80% o[Fo=
el b B0 282 9¢ 5 ATk FRol 2
22 olgate] Fokel 4oL BAF Hiaz 5V A
o w2, fenarimol 15%2] ether/hexaned| M= HE §&
Ex] 9kt 50%2] ether/hexaneol|A] 83.0%Z thirio] &
Zx)g)on, 50%2] acetone/hexaned|X)= 1.6%2 wjn|3 4
9] BEEE Ui o159 2 Hud o, AEY
o] ztole glot Horisil MBS o83t HAL A, fen
arimol?] 739+ 50%2] acetone/hexane Rth= 20%9] acetone
/hexanecf|A] HT} & 58S veptL & 4 gl
Bifenthrin®] 7= 5, 10%2] acetone/hexaneg A2
W= 87% oldel F& 348S UEh=t, acetoned] Ml
o] 20%%) &ulE AH&S Afe 28] Io] ozt
Fenarimol-2- 5, 10%2] acetone/hexane2 AM&-3t59-S wi+
60% vlTre] e Fe&E yehfiglon, 20%9] acetone/
hexane & AH&3to] GAG A7 R1%9] & 3585 Ao
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Table 4. Elution profile of A-group pesticides on SPE Florisil
cartridge using ethyl acetate/hexane mixtures as eluting solvents

Table 5. Elution profile of B-group pesticides on SPE Florisil
cartridge using ethyl acetate/hexane mixtures as eluting solvents

. Fortification Recovery(%)” N Fortification Recovery(%)?
Pesticides . Pesticides K "
(mg/ke) “E/H (5/95) E/H (10/%0) E/H (20/80) (mg/kg)  "E/H (5/95) E/H (10/90) E/H (20/80)
Ethafluralin 108 7774017 760:011 797006 Vindozolin 108 10141008 1033004  103.7:0.03
Trifluralin 094 558011 78010 761:008 Dichlofluanid 1.0 764019 580:021  1008:024
Chlorothalonit 106 3994015 882:015  948:001 Proymidone 102 690:005  784:049  980:007
Alachlor 10 55002 53001 180:05 Bifenthrin 112 189:005  250:010  293:010
a-Endosulfan 1086 1013:011 916:012 1010007
Tetradifon 102 %5:006  9B7032  1012:0.06
p-Endosulfan 108 707:015  890:011  907+013
Cypermethrin =~ 128 1003:004 1069018 109.7+0.10
Endosulfan 100 304001 851:008  91.8:011
Fenvalerate 140 10232017  1040:029 1043012
Tprodione 107 0 5124011 1026020 N
E: ethyl acetate, H: hexane.
Fenarimol 098 224009  45:010 95017 % Mean values of triplicate determinations with standard dev-

"E ethyl acetate, H: hexane.
* Mean values of triplicate determinations with standard dev-
iations.

A, olF T oke AwE ¥4 ZUS UelomA F4
BAo] T R0 ehgoh

Ethyl acetate/hexane Z&H20H0) M2 S48
Ethyl acetate™ acetoneol] B3} =AJo] X2 Ful2A]
J=o] S4& Ad &vjolrk. webr acetoneol] Hls)
U 77182 59 A% A AEY 82 FErt wom,
oF Q&9 Aol A4 Al &= 8= AHehd, ols
o3 7HdS AAAA Bk Ag% B4 AdE 4
o] 9. o] ethyl acetateZ YA WL hex-
- aneo]] Eghat] T FokY] FA IR B4 HAE &
A Z AA Ao 85 Sz 88l 4o BA Anh= 7+
7} Table 4, 58} ). A groupe] ¥4 i 5 = etha-
Ifluralin, trifluralin, o-endosulfan ~12)11 B-endosulfan& 5%
ethyl acetate/hexane®} 10% ethyl acetate/hexane, 20% ethyl
acetate/hexane - ARE-3L 739 B4 707~101.3%2] 34
&8 el o], acetone/hexane g AFE-8F 7399 73.6~107.6%
Hopls UAY, BluE 22 Id98S 48 4 Atk 1Y
Y endosulfan sulfate$} iprodione] 73-$-+= 5% ethyl acetate
/hexaned ARG 5ol Feso] 10% mREe R W|F Bt
a1, 10% ethyl acetate/hexaneg A& ) endosulfan sul-
fate= 851%9] ¥53 3585 JERHASY, iprodione
512%% 9G] B2 3488 Ve iprodiones] F41A]4
10% ]3] ethyl acetate/hexane &= €& Bulax A
A @& Aow RoAch w3l fenarimole 5% 10%
ethyl acetate/hexane2 A}S-5F 749 5% 10% vjyte] 3)4-&
< YERISLY, endosulfan sulfate, iprodioney} ©l7[R)Z
20%<] ethyl acetate/hexane& AFE3IAS W] P5%E FS
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3482 eI 28, alachlor?] 739l ethyl acet-
ate?] hexaned| theh Eul&x} AHglo] 3580] 20% 1]
who g wj9- vrolr Florisil Zho] F2E F, 20% ols}
9] ethylacetates} hexane2] Eg-grjjo] s &ato] A< o]

FoA)7} o= AL & & USUTh
39, vindozolin % 79 FHgES L3S B groupd

7%, AAlel AH8E haxaneo]] g ethyl acetated] Hl&©]
5%9} 10% L+ dichlofluanid®} bife- nthrind 7.6% ~58%2]
g o Faeg-S e, 20%2] ethyl acetate/hex-
aneS AFE-3 g0 dichlofluanide= 100% o]|4e &2
3542 Kol ¥hd, bifenthring 20%¢] ethyl acetate/
hexane& A48 Z9-ol% 293%9] 3482 Uehhe] bif-
enthrin &A] A group?] alachlors} PRIZIAIZ 20% o]t
ethyl acetate9} hexane] E§-gufjol] ofsf =o] #e] o]F
ojX A = AS & 4 Yk ol F A (bifenthrin,
dichlofluanid)$ #2}3F B groupe] U#A 559 5 A
FoME 20%2] ethyl acetate/hexaneg- 285+ 749 76.1% ~
109.7%2} ¥ 58S 4 5 AUk $o Z2AE Folo
B uf 20% ethyl acetate/hexaneS £ SuiZ AME3 A
alachlors} bifenthring- A|<Jgh 14 £ 4 i HoF A&
9} 34§ 20% acetone/hexaned AME-3F ZAHT}; B2 -3
ol 761~1097%Z eErg.ou), alachlors} bifenthring®] 73
% 55~293%9 5L Do ol F v A
20% o)3}e] ethyl acetated} hexane?] &3+ 87} F2g3h
Aoz Uehdth oy e AFAZHE bifenthrind} ala-
chlorZ 5oke] FA] TR £4 Aol B0z 4]
A3 O E79 A el uig A7 HER o]FoA

¢

oF & Zol}, Ao THrel so Rl AiHes e
S5ee 97 92 AAYS] P Be o] eFRT
Az
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Nk % vlnd mawxEdph A, 5F %ol A5
o S5ge] Frd ool2 o do F 1652 Bof
HEE A B 5 goupom wrol, ool 5A iy B4
o AHe) Y % YA B BEEIMEA 5%~20%
9] acetone/hexaned} 5%~20%2] ethyl acetate/hexaneg A}
831) 22)9) 82 BAsl} B An Thes 2o
Acetone/hexane-&- AFESE 7% 5% acetoneo| A &= 163
9] FoF AR = cthalfluralin, trifluralin, chlorothalonil 5 11
Fo] T 12 F48S 5o, alachlors} iprodione,
endosulfan sulfate, bifenthrin, fenarimol & 1§ w2 348
£ YeERRT, 10% o]4+e] acetone/hexaned| 4= bifenthrin
3 fenarimol & A2)g U] ool B& H4ES AL
Stk 22y bifenthring 20%9] acetone/hexane g A}
£33 7A¢E £25A 49k, fenarimole 10% ©)8ke] acet-
one/hexanes AME3IYS wli= w3483 veRRQITh
Ethyl acetate/hexane-2- AF&5ta] & 16 9] woF AHE9 3
T8 48 3 A3, 5% ethyl acetateo]A] ethalfluralin, o
endosulfan, B-endosulfan (A group), vinclozolin, tetradifon,
cypermethrin, fenvalerate (B group)ol| Ayt 70% o}ike] 34
£ Atk 10%9] ethyl acetate/hexane-S AFE-s}a] H-A)st
739+ trifluralin, chlorothalonil, a-endosulfan, p-endosulfan,
endosulfan sulfate(A group), vinclozolin, procymidone, tetra-
difon, cypermethrin, 12|11 fenvalerate(B group)ol|l A 70%
olde] 3488 AL, 20%2] ethyl acetate/hexaned Alg-
slo] B8 H9 5%} 10%2) ethyl acetate/hexaneS- A}
Bolo] BAYS wrot £L AME ehfo] A4 1659
T F WZAA 5% o] F4&S Ao, alachlors}
bifenthring ¢ 2 58S B ethyl acetate9}
hexanes] #3877} ol F opiEel RAlole el
%o 55 8o1AS & 4 AUk
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