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Development and Application of Enzyme Immunoassay
for Endosulfan Residue Analysis

Yong-Tack Suh, Jae-Han Shim and Kang-Bong Lee

Abstract

An enzyme immunoassay (EIA) was developed for the analysis of insecticide endosulfan and its
degradation products. The sensitivity and specificity of the antibody produced were examined.
Optimal conditions in the ELISA system for residue analysis were also discussed. A mixed
suspension of endosulfan-hemocyanin conjugate (ES-KLH) 1.1 mg/ml and Freund’s adjuvant was
injected subcutaneously to white rabbits and then collected antisera were tested for titers by indirect
ELISA(1/24,000) . Because of difficulties in the synthesis of endosulfan peroxidase conjugate,
amine derivative of endosulfan-diol was synthesized and it showed 40% of conjugate yields(2mg/ml
of conjugate) . the highest sensitivity obtained enzyme-conjugate was a concentration of 200ng/ml.
The detection limit of endosulfan in ELISA system was 5 ppb on the standard curve, In
application of ELISA for residue analysis, the recoveries were really 100% both in the spiked soil
and apple sample regardless of endosulfan concentration treated. On the other hand, chlorinated

hydrocarbons of similar structure with endosulfan showed low cross-reactivity (2.2%~29.2%) .
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ELISAE <%3}l7] $% microwell plate:
Nunc 96F%} Ratiolab plateg Ar&3tdx
Coating buffer®+ 50mM< Na,CO,(pH 9.6)
442 839t PBS-t(phosphate buffered
saline with 0.19% Tween 20 ; pH 7.4)+ NaCl
(150mM), KH,PO,(1.4mM), Na,HPO, - 12H,
O(50mM), KCl1(0.2g/1)8) Aoz ZAsgx
71498 100mM NaH,PO,% 100mM citric

acidg T E3FL£A@PH 504 o

-phenylenediamine (2.5mM)-& 48 A|7l2 0.5
1/ml9} H-&2 H,0,(30%/mlD) & #r}sted A143
Aol zAstger. ddutsel o489 Eve ¢
oz gWodFalAd A& AN indirect
ELISAZ 2 9714AE st 4977} 11 100]8
A E7RE A sl Hogubgol o] &3t & A
goll 0] 8% Aok %349 A=43 endosulfan
EFES A8l ne Sigmad FE A4,
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7}) Technical endosulfan®] A A

Technical endosulfan(6g)-& 30ml benzenedl
o] Bgs At 43 (156g, 16X35mesh, 4
M= 0.58, 22mm W7 F #2H)) FAAI=
200ml benzene>® §-FA1Zrt. 4% benzene
& ¥%3}9 endosulfan$ ZA 3} A7) endosul-
fan Z#A-2 benzene-ether(8:2)&Ao2 7(°Col)
Al 33 ANAAAIF . o] of 23] endosulfan
TEFS 4.54g22 75.7%2 F&& vebdo
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o] 2~34+-&-9] phenolphthaleing-¥-& #7}stw
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+A2A g IRSEAMeT 4L HaastdD(Fig.
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< 203~205°CHc}.

t}) Endosulfan-hemisuccinate®] 3HAJs:3

Succinic anhydride(750mg) & 250mg®] en-
dosulfan diole] £-8l=le] 9l dry pyridine%9
(10mD el H7Fsbe] 100~105°C f= (JhFl) Aol
A 24275t BHAY F FFEe] pyridined
AAsGY. FAHAEL 5mle] MeOHel £33}
HPLC(UV : 254nm) Atoll A endosulfan-hemisuc-
cinate®] A& Hqlsiglon YATELS 80%A
X4}, HPLC #4 A2 % 1o vebwlic}.
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Figure 1. Examination of synthetic endosulfan —diol by IRS

Table 1. Condition of HPLC Analysis for En
dosulfan-Hemisuccinate

Detector : UV Detector(254nm, Waters 486
tunable absorbance detector)
Column : Reverse phase C-18(ux-bondapak, 10

micron)
3.9mm X 30cm(ID) Stainless steel
Particle Size/Shape . 10g/Irregular
Nominal pore Size(Range) ;
125(30-300) A
Carbon 10% Load, End Capped.
Mobile phase . 10% Deionized Water in MeOH
Mobile phase Delivery System & Injector .
Waters 510 pump
Flow Rate : 1.0ml/min
Integrator Attenuation : 128
Injection Volume @ 20ul
Analysis Time : 5min
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groupd ¥AAA A (KLH)E AA 5
32} #tgdch. 84 ester groupd A 3] $13k
endosulfan-hemisuccinate (50mg) & 1mle] DMF
(dimethyl formamide)el &3}A]A  30mg9
dicyclohexyl carbodiimide®} 35mg®] N-hydrox-
y succinimide® AH71sldc. wbgA-E& 25°Ceoll A
1417t ok & AAR dicyclohexyl uread €
AE2]2 AAsT 3.5mle] DMFel 2mle)
NaHCO; (0.1M) &g} 50mge] KLHE 43
AlA 7)o wbgdo) A A FIHA muksise),
uhgo] SAR F £CA PBS-toll s 2447
T T8k -200Coll A AGFALA| 7R B
gt A 3o Al ek Bradfordy?
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o2 aystgon Wodel o g% FULAL 1.1
mg/mls) S gFe AW $402 Ay
o},

ul) Hgste} FA YA

248" endosulfan-hemocyanin@ A& 0.5ml!
2] PBS-tel £&#3le 0.5ml¢] Freund’s com-
plete adjuvante} EFA1#HE. £ 209 FA4}
718 teflon tubeZ dAsled AAslgzn, Ege)
Sl FUYE B E FR msFalbag
ot 29 FARYE 35y Fof oA 2L e
3¢ Freund’s incomplete adjuvants} &§3}o
W& FAbstg e, 225E 3FY Fo gL
EAFAHE A EE. 3F FA 253 279
o] () Aoz He JEAL AYsle 4CAA
Ry ek WA, WAF SuE FYEAS
LR 2(10,000g, 15%) AAs=, 0.1ml¥ F
g3t} -20°Cell A £4A1704 Bpsigiol. 3¥A
2] 9713 A= indirect ELISAZ AA|slgded] o)
o= FHU3 o HAshdde  BSA(Bovine
Serum Albumin) ¢} endosulfan®] ZA§{AE =4
3le] Alx|slgicl. Endosulfan-BSA ZA3Ae) =
AE ¢+ Samokin¥ Filimonov'®e] HH e
w2l BSAE g3 2] succinylationAl H ).

BSA 100mg& 20mle] 0.1M borate 234
(pH 3.00el &340 F 550mge succinic
anhydride® £%4 30%%4 HrhsiHx zukst
Ar}t. o) 9o pHe 3N NaOHE #HrbsldA 9,
0~9.3 Aol & A2z, 4-&F 509 (0.01M
triethylamine §°}¢| die] 33 M3z FHAA=
steict. FAAZ2Y BSAES DMFd €32z %
A (14.6mg/ml, 20ml) 100ulel 4% (v/v) N
-methyl morpholine(2umol)°] 3% DMF&
5.6u19F 49% (v/v) isobutylchloroformate”} 83|
¥l DMF49 (2umol) 6.7u1€ 0°C ice bath”el
A EjHaled 15¥2F wWioFatar -15°Cal A 3083 A
vlefstedch, widF A7l wbEd 11.2u1E T00x]
2] DMFel $3lse] gl endosulfan diol(0.5
mg)ell A7}tz PBS-to] dis 484172 FAHE F
-20°Cell A Astsdc.

u}) indirect ELISAe] 2% 34129 o717 A

96-well microtiter plate(Nunc 96F)¢] en-
dosulfan-BSA Z g 200418 #7)sle] 4°Co) A
-t wofsld JUL FERAAL. YL B
A7) Fo PBS-tZ 23 A Hslw PBS 934
Hell A4 9% FEHY (1200002 200k] M7}
gte] 37°Coll A 1A1ZF ok wiokslgc}. st YL
AAs oA PBS-tE 33 AHY X ant
-rabbit-Ig G-antibody peroxidase conjugate
(1:1000) 54 (200])& H7}st 30%7F 25°Col
A1 wieFsigic), djkF PBS-t2 33 AlAslw o
-phenylene diamine 98 7|d2 Hrlslz 308
Fell 60% H.SO. 49 50u18& Hrislod urgg
ARAA A, wkgol ARAE microtiter plate:
492nmell A FJ=F ZHsld 2 9712 A5y
o},

A Endosulfan-peroxidaseZ ¥4 Az

Endosulfan diol (100mg)-& 1ml¢] DMFe] 43
3}y carbonyldiimidazole (50mg)e] £# =] 9}
< Iml®] DMFs} &8tz ol 37°CellA 147
T wjrsiglch. wloke] 9EE F 2mlY
ethylenediamined #7}sted 25°CollH 147 F9b
el eFslgitt. Peroxidase® 4+3tx2l: Nakane
% Kawaoi® Hh9¢] ==} NalO,& o] &3ty
Arstg o A& SHAZ] Fel 5mgs
peroxidase® 4mg9 endosulfan amine %37}
4sl=le] gl 3ml®) DMF/phosphate buffer
(200mM, 1:1) &) 327t 3082 F Hred
Al F83 wukAzich, HEH OS2 endosulfan
-enzyme AAE 2% DMF7} 3 PBS-tol
el FAs bradfordyel <% ©wa Maks
AAjshed -20°Cell BBttt

o}) Endosulfan #F%F #4¢ & competi-
tive ELISA
Competitive ELISA+ Van Weeman 3
Schnuurss2] ¥ ®) uiep AAlsHd. Mi-
crotiter plate] 200419 A §& Hrlsld 4
CollA] 3} wiokslz PBS-tZ 33 A)33y
t}. AlA Fo blocking &2 1% BSA/
PBS(100u1} & #7tsbed 37°Cell A 1A17F Auf<F
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3l3 PBS-t2 33 MAstgcl. A7) platee] 150
ul®l A2 (endosulfan #F9) 3 5019 en-
dosulfan-peroxidase conjugate(200ng/ml) 4
£ EAo st 37°Cel A 4X13F ot wlkstn
AR A 4& conjugater PBS-tZ 33 AlF3}
o AAFA. A7 200l o
-phenylenediamine ~7138-9-& Arlsta 30EF
ok 25°Cell A wieksigiend 5019 609% H.SO, &
Ao Hrpz whgg FAAFHYG. 4 welld O0.D
<  492nm(Titertek Multiscan MC
Spectrometer, U.S.A)ellA &Astz O.D &
X& A=A v)Z3sle] endosulfand] AFIFE 2
s,

Zl) ELISAE o] &% 358 A%

10 ppbe} 100ppbe] F=2 endosulfane] *
g ®ok3} Abg AJE (10g)) 22 50mle] DMFE
A7tsled 14715t WA ¥ Bichner 2 7]
Atoll Al o3l e 100mlgFE et 2
o} 477 DMFZ Aol &3 Fep==z9] 3
Zde & AHA HA o] HFY FrE T
ALg-8) 348tz kAl 2g competitive ELISAT}
A2 AXstg FARFAdn vw, AFFE 2A
3o,

I BR W EE

Endosulfan alcohol®] #4334 LiAlH%}
tetrahydrofuran(THF)& o]43% w2 7}
g B o} FEE G Holgdoh. 24
AL ZpREE wp0g o} B-sle] ARE] L &
# $£x& 9¢ 4 sisith. Endosulfan diol®
succinic anhydride?] w22 AA¥ endosul-
fan-hemisuccinate HPLCZ E4s4ch. 34
o2 a123% Endosulfan-hemocyanin conjugate
of Ny ¥ A X 1:24,0009 ELS
g Jdebdee o2 ql3] competitive ELISAE
0]4% endosulfan FF FAAlde SEAG
coating bufferg 1:2,0009} ®wI&=Z A3t At
2% 4 9l¢lt}. Endosulfan-peroxidase (HRPO)
conjugate®] ZA Ao endosulfan®] 7 &
A B gAY Hh A Fo W E

|4o] Hol wgFHAF AL B} AA
o] A3l A7} Hvl, ol3d a4 BYA
3+ endosulfan®] amine FEME FAHFozH
A= o] 3] endosulfan diol®] 244 e]
A=k, 2394 endosulfan diol®) amine &
E ¢} NalO, At} 9h8-& AA peroxidased] 2
T2 Sl FFE v|EoR o 40% = $A
&S Xgch e, olud wiye AHYHA
& peroxidase®] <Fo] A3 Wrie HelA
endosulfan-peroxidase conjugate®] $3jx=o} 7
&g VA7 dhlel W8 oS |77 8
s3ttz A=, ¥He2+ endosulfan
-peroxidase conjugted] W} LA FAE
ET78a o1zl W& L do] UM 23]
A FE ANA =2 A HHEFAE A &
FEths AMAe] A8 IrlEN JFH .
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Figure 2. Effect of various endosulfan-enzyme
conjugate concentration on the sensitivity
of competitive ELISA for endosulfan

Endosulfan-peroxidase conjugate®] FXxol ot
& uztse sate a2y 26 veplcd. A 22
N E 100ng/mield eyt FFE9 Adizte] 4
Fougte w2 (100% o F3=,; 0.26) 200ng/
mlE A48t 33 £ FF=(100% Hd &
Fx; 0.759% UREE A& 5 Uk, ARA
2.2 competitive ELISA-E Fa317] $13] 13] 4|
/A2 AHE¥ conjugate?] k& <F 10ngel %l
t}. 2% 3¢ competitive EIISAE 3317 %
Endosulfan®] =42 vehled 7|4 #zE
£ 5ng.ml, & 5ppb7tR HFEe] 7teYon HE
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H 5+ 50% LA AL vjEs) ¢ 0.5ppm
£ Jeidcl. I8 ELISAE endosulfan®] A
EAo o]£3l7] YA +E endosulfand] F=#9}
o BHAEEC dEg URE FA Aol =
2  a-endosulfan, gB-endosulfan, endosulfan
-ether, endosulfan diol, technical endosulfanl
g4 2 UREE 2AEH ¥ AR(R2)
endosulfan diole] 105.20%& 7} =%
endosulfan ether7} 57.14%2 74 dgten =
% @-endosulfan®] a-endosulfan®.c} 1 RIS
7} #olgtel. Endosulfan diole] endosulfanei #
8 2 A= o F& olf+ endosulfan diolE
3y ZAA] hapteno 2 A}43l97] oFolztn
F2=Ac}.

Inhibition{(%)

= —or gl

Concentration of Endosulfan(ng/ml)

Figure 3. ELISA standard curve for endosulfan

Table 2. Sensitivity of EIA for Endosulfan Deg
radation Products with Regard to
Endosulfan*®

Degradation Product Sensitivity (%)

Endosulfan 100

Endosulfan-diol 105.20
Endosulfan-ether 57.14
a~Endosulfan 61.53
A-Endosulfan 82.47

* Sensitivity is expressed as that concentration
of endosulfn causing a 50% inhibition of bind
ing X100, divided by the concentration of the
endosulfan degration product(50% inhibit

conc.)

obg2 fAH 72 frIdaAFdF d
Az &3t #-8-4 (cross-reactivity) & ZAMGF A
#}(2Y 5) captan, y-BHC, DDT, 2,4-D,
aldrin & AdAcs ¥ @zl uhgdg By
e 24 2.2%, 3.6%, 12.9%, 13.7%, 15.2%
g chlorothalonil® captafol z7 22.04%
¢} 29 23%9] wa} wk-A-E el

o] iz} ¥h$-& endosulfane] Fx31A ¥
wellell 7+ <Al & A7lsied A9 APY & e
¥ YT v IE A&t oj@eo] & <
Ao N g mz} wreAd SAL 7t A
< AVEd, 2 - EA Ao Zx g
He 7 E A9 24 F5F§ FAlC gt 5
gltie 7ol AL endosulfanol mxk ¥HEA S
Jepll & o2 kA9t £ 31€ 9 endosul-
fane] A AP gk Aelch. oY A
FAq FAE #Asr] e dEE FA
(monoclonal antibody)& &A'"71 8% Aol
o},

100

100 -

(-3
o

Inhibition (%)

[
o

Endoauitan BHC ooT 2,4~0 Oaoconit  Aldrin  Captstol Captan

Figure 4. Cross reactivity of endosulfan to other
chlorinated pesticides

ELISA 71'#-& endosulfan®] FHF¥He] $-43}
t HAZ 2ok AR EE AYsd 2 5§
ZAsd. FARF} At A7 AT 10
ppbst 100ppbe] 38§ ELISA ZH#Ael ¥]i
& A (2 5 E 3) EYlA: 10 ppb AT
A4 97.45%, 100 ppb AT 98.40%<
el Aol e 27 97.74%, 100.55% 2
F AR 2F X Aol 100%¢ 7 3
+&¢ ekl o] Zds  ELISAZIMe}
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endosulfan®] #§F EAHd) ALd" 4 Ud&& A4
& glo),

& gwezs ELISAZ YA GCEA Atol9
HERAE 248 F 9] = E v 2lg
<=4 GC #Z&%4 7} 10ppbaldl uks] ELISA)
A= 5ppbe #HA&&#A 2 ELISA”t GC-ECDXEr}
endosulfan®] &%) Holdg Jehllen o)z
%t ELISA7|¥ o] At} % EoF Fol 4 endosulfanz}
a2 B AR AFH BAdAME I Yy
g sl el o] Wiy AlRod FA]4
B2 8 AEE EHE 5 e ¥4 3H3E
A 24 4 qldvl. AHA L2 endosulfand] A
B 248 9§ ELISA 714 27sletd o3
A TS FHI} BAFILR o] 48 £ 3l
2 ofgd & FHdES AF B4 A A=
& ELISA 7149 7 9 Algdez 35
oF qtrhm A= ).
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Figure 5. ELISA curves for recovery test in soil
and apple

Table 3. EIA Recovery Values for Soil and
Apples

Spiking Level Recovery (%)

(ppb) Soil Apple
10 97.45 97.75
100 98.40 100.55

4B 8B

Endosulfang %533 A 2243 98 A o
£ ELISA7IYes FM4S ARtz gt
g9zAE $% endosulfan alcohol?] AL
86%2] +&% ¥.92 endosulfan hemisuccinate
= HPLCZ 2 A& #¥sksdcr. Endosulfa
-hemocyanin(KLH) 22 +&& 3.57mg/ml
gom o] YL 1.1mg/mlZ IHA s E7]4
He HEFARA dHAFHS 8F Fol AU &
A £9L indirect ELISAZ 1: 24,0008 9718
A4k, =¥ endosulfan-peroxidase A g
t o 40%9 A¥5E 2mg/mlE A=
o] A¥AE T FH=s UAEE vehlE 200
ng/ml8) F52 Agstgch. ELISA E£4 9%
endosulfan®] H& A€ 5 ppbP 2 Haf4El
endosulfan ether®} endosulfan alcohol®] en-
dosulfan #Ael i NR=+ #Z 57.14%,
105.20% 9 th. FAE #7194 A s dE
ZAPHE A& captane] 2.2%2 7HR @A veEbyt
3 Captafolel 29.33%& 7% =4 Jehdrt.
ELISAd <% AF B4 243 Alddd &4
A|H 3 A3 2okl AE 10 ppbet 100 ppbell A 2
7+ 97.45%, 98.40%9 3|5&& RO Al
Lt 7+7; 98.40%, 100.55%9] 3|+&-& ehlic).
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