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Sensing of the Insecticide Carbofuran Residues by Surface Plasmon
Resonance and Immunoassay

G. M. Yang N, H, Cho

The pesticide is raising public interest in the world, because it causes damage to an environmental pollution and the
human health remaining agricultural products and an ecosystem, in spite of the advantages. Particularly, each country
restricts the residual pesticide and induces observance about the safety and usage standard so that they can control the
amount of pesticide used and defend the safety of agricultural products. The habitual practice for the analysis of the residual
pesticide depends on GC (gas chromatography), HPLC (high performance liquid chromatography) and GC/MS (gas chroma-
tography/mass spectroscopy), which triturate the fixed quantity of samples, abstract and purify as a suitable organic solvent.
These methods have the highly efficient in aspects of sensitivity and accuracy. On the other hand, they need the high cost,
time consuming, much effort, expensive equipment and the skillful management. Carbofuran is highly toxic by inhalation
and ingestion and moderately toxic by dermal absorption. As with other carbamate compounds, it is metabolized in the liver
and eventually excreted in the urine. The half-life of carbofuran on crops is about 4 days when applied to roots, and longer
than 4 days if applied to the leaves. This research was conducted to develop immunoassay for detecting carbofuran residue
quickly on the basis of surface plasmon resonance and to evaluate the measurement sensitivity. Gold chip used was CM5
spreaded dextran on the surface. An applied antibody to immunoassay was GST (glutathione-s-transferase). The association
and the dissociation time were 176 second and 215 second between GST and carbofuran. The total analysis time using
surface plasmon resonance was 13 minutes including regeneration time, on the other hand HPLC and GC/MS was 2 hours
usually. The minimum detection limit of a permissible amount for carbofuran in the country is 0.1 ppm. The immunoassay
method using surface plasmon resonance was 0.002 ppm.
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Fig. 1 A phenomenon of SPR.

334

S%(SPR, surface plasmon re-

1) #HELI=2SY oY
A e :La 1A F458e 32
Az AdA 2ol o]of 23] WAyst xHEek=
B 257 ol 7515_} AR AAHE et A
ke iz gol), EwEeA 29 o 7](excitation) ™
QJFoA ME THE 8 E %l% 708 wiE e} A
%, 259 A4 A A7 Avkekd AAE
Ao A718e] AR d el THA} =
o] mdsle XFo] wHIet=vliE vehdt) o]
HEgzntahe 2kl e] MA skl gl YAt
o] FePsiAl F-sdhe HEA p-HF(p-polarization) A3
7Rtk wheba BEE Axp|gel] ojsiAtt xuHEet=
%71/% T STHK-MAC, 2000).
2 Vﬂﬂad oA At 7h e RS-
&0l E]O% 3, YapPgo] Agoln Tl e
CQ"Pﬂh—‘}ﬂ"i HRAME S e 7 3 U Est ?ﬁﬂ;]
SPR @/fol sttt oluf §JAtzE SPRZtolef

¥ &)

JEEINCTLA

ollA} dofut

i

rlr
&

r°r

l

2= A

A

sl
2o
E U=

}:]

=

Mo e B o0

rE m\o
m_
_& _Ilm _1>
[0 ox
rir r;'ﬂ

[¢]

-

-z
fu
vl

1

SPRZ} AAp7|97} gt §Ho] FAE w depd
th SAELS HE7F vbgel] wel SR AlAF 2l
A wiglel] mEbM % gebzivh oepA Ak Zde] 23
e E4(ligand) ¥} #4154 (analyte)o] ZAgshH Ao ¥

D etector

Au |
Evanescent ¥ L=
Field Charge Density
Oscillation

Fig. 2 Principal of SPR sensor.



Resohance
signalRU)
—
18 %/\?DISSOCIATION
A:@
r s
5 REGENERATION
&
12 & 1
10— [ —

100 200 300 ado sd0 00

TIME (S

Fig. 3 The sensorgram.

32 717 2.3 wEb SPRZo] 3¢9 gEkA A ek o)
§F SPRZFY] WstE 914307 V53 veolHE A1
(sensorgram)©] 2t F-Eu} AR AT A = SPRZS:
RU(resonance unit) = Fslo] FA|5k] S} olu] 1,000RU
3= 1 ng/mm’, SPRZ} W3h= 0.1°0] sg¥ich

19 32 SPR &/l ol vehde Al I
7MeEsolt) Association 7R &Alel o] Hk
7k Dissociation T-7He @glo] SAlg Ry &gld= 71k
Regeneration 7-7+ dFglo] A 25e ¢A13] dle)¥a o
g Hnlshe AR ofulsit) ofn) Tz Aol dist
RU oz ZdHch

2) SPR MIMA[AEIO| 27

SPR AMA A2 T3 48} o] A4 SPRE o71A171&
G, SR DA, AsAHRE d 5 gl
PR ha) SPRE o7 A7) ) W H FAE SPR W
B, BEARE U AR AXEFE 590

Zzkel gu7|3iS FHA0F AFE A, Flow Unit, Z2&

light source

Huminatian
fiber

7 Pnlarlser
-\, /oSl

Gold fitm

J. of Biosystems Eng. Vol. 30, No. 6.

To= TAE] YT AeAE T SHE WIS HHE
of AdsiM AAREOR ST = Gl 2 B 2ZEo
E 2otk 53] SPR WE = e, Svhiy et g
= oje] 7pA] SAgalol el Fejof met debd = 9l
ol 2AE 2] 2 AREHo ARt de] wet debd
& it |

L}, DAHABAH(ELISA, Enzyme-linked immu-
nosorbent assay)
FAUARAHL 54 sshEA oy n]AE ddof ths)
o]del Sl FAE AR 1 71 QY E o) &at FrElEA
& ke "HYEAYoR Fok o] Eat
o) 21 FLI) W —L%’%%Bl 53 98 fea EAW
ot} £ dAFox SPR Y2lE o]-83) /e BIACORE
3000(BIACORE, Sweden)’ @4 & 454 71H5& 7&E &
Aofl o]-g3} ). gl GST(Glutathione-S-transferase), &
A& IR T, ¥ 3= PBS(phosphate buffered saline)E At
Sa3ieh ARES A S A EdN(dextran)o] EXHOIG
© CM5H S AMESIGITL ol SPR dAME dovle TP
760 nmo|th. 1% 5= FAWEAM TZET S e
Aolth. A il dAERo] Exg Futa Ak EDC
(N-hydroxysuccinimide)$} NHS N-ethyl-N’-(dimethylam-
inopropyl) carbodimide)E E&F0] FAF & F AES
#45 ANATY F 9 HAE GST FAE A 233
A7l F oekgolyl o g QPgs AFith o] AgAHY
WS- A8 S e FhRE 39S dE) A2 Wi NaOH
& ARSIt IS 24 dake o A

L

1)

1X

kJ

s} = A8(Preconcentration test)
g} & GST7 AIM3 EW(nagative charged)ol 17

oéi

Collecting
= SR

Diode array
spectrometer

el Snalyte
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thﬂi 50 pg/ml GSTS ﬁ/ﬂ@].o% 3]14_0/] pH %): _x_;ﬂ/\]'GJ
< AAIBIAT preconcentration test & 50 mM NaOHZ 1
E2F EelFre] &4 143 #0)E S

2) T™2HImmobilization)
48 AMFH M5l nA3 =

FogH s aAsAIE Woltt 2AEY 13}
Ak & 29 Atk MR ol EDCSF NHSE 24+ 50
WA Ao 5% 5 w/minF TEFo] ok 30~40%9] = E
A Z1E (carboxyl group)e #4938} st @l o] obvl(amine)
717y F5AE 2 § UAEF Sk preconcentration testol]
A AelE pHE| Mo 27k=9) GSTE FAlsle] 213l
o} ¥ AME GSTY SEE 50 pgmlPor 200 e
eIt 0% wystE GSTE <HAsAZI7] sl iM

AT e ALeE A 9] ofgh&olN)(ethanolamine) 35 M Z&FTh
L S kst o) F 71 Wel AHEE wHe of
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Table 1 Procedure for preconcentration test
Procedure Sample Concentration Flow rate (ul/mim) Volume Remarks
. 10 mM sodium acetate 20~200 pg/ml of
P . H 7.0~3.
reparation at various pH Ligand concentration > 10 PH 7.0=3.5
Dilution GST 50 pg/ml .5 10
Washing NaOH 50 mM 5 5
Table 2 Procedure for Binding
Fl t Vol
Procedure Sample Concentration ow ?a N olume Remarks
(:Vmim) ()

o EDC+ NHS that makes Higher than
Activation carboxyl group 04 M/0.1 M 5 35 5,000 RU
Immobilize 50 pg/ml GST +

T + ff L -
ligand GST +pH buffer pH buffer which is choosed >
Blocking Ethanol amine 1 Mole 5 35
Table 3 Concentration levels at each sample
Samples Concentrations (ppm)
1 20, 18, 16, 14, 12, 10, 8, 6, 4, 2
2 2, 1.8, 16, 14, 12, 10, 08, 06, 04, 02, 0.1
3 0.2, 0.18, 0.16, 0.14, 0.12, 0.10, 0.08, 0.06, 0.04, 0.02
4 0.02, 0.018, 0.0l6, 0.014, 0.012, 0.010, 0.008, 0.006, 0.004, 0.002
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Fig. 6 Results of preconcentration test at various pH of sodium
acetate buffer.
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Table 4 Example for the average of x* (Chi value) in case of 0.1 ppm

Times Mole (n) RU S.E. (RU) x* (Chi value)
0.1ppm-1 451.96 20.3 0.0347 0.17
0.1ppm-2 451.96 20.6 0.0347
0.1ppm-3 451.96 20.5 0.0347
0.1ppm-4 451.96 212 0.0347
0.1ppm-5 451.96 213 0.0347
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