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Biochip sensing technologies offering in-situ, fast and real-time measurements in addition to portability can be powerfully
utilized in a wide spectrum of research areas including environmental science, food science, medical diagnostics and drug
development. In this article, we introduce current research trends and economic aspects of the development of various optical
biochip technologies for the analysis of organophosphorus/carbamate pesticides in environmental samples, which is of global
importance with serious consequences for both current and future generations. In particular, we will highlight recent efforts
made in the creation of highly sensitive and selective optical biochip sensors in conjunction with nanobiotechnologies and
microfabrication for the rapid detection of organophosphorus/carbamate pesticides.

Keywords: optical biochip sensors, surface plasmon resonance, nanomaterials, organophosphorus pesticides, carbamate

pesticides

1. A = T I PAel 32 glok -yt Al ZF wAkEel dist Eek
FFHY SAAE Y8 T o F|H o7 7F FAkEe wE
Hoh U2 3 6k dullEddA diolghs Alxoi s} &) SHAIAE WFaL, TAIE AEA71a o] AlEA Q] o) o]Fo

718 - FEEl - 8 AlEe] g B shes AEa itk S A=
Ak FAGFOIG AFAAE WA sk olu] ErIus Q4R Ay AFEe] w9 - AES A 5 - AEEREH sEES
2hg3k3 9lo] F o 5AE FolAY HAse] o E Hulo av) HIAY RS SUlshe 9o R A8 sk AM-EA
£ BU)98 B2 A - AdEe] A& o R JdEa Qlnk o]t upe; AR, A, AxA, AEYGEREAE s 7 da o F
ATl E-8tal f711A woke] A9 et At - A% EYE 7=, s¥ek Tz, 2R Al 8l A f19aA, 71904,
Qlal) 2Fel|A] B ohel A= Wol AREE7] wiitel] =] FhbEo| EA|, f71EAAR 78 5 Stk o] 5 f7194A el
o] At o= A AAIFCE vid AR 3 o] e {F7190A = o] A&} BEH SR FH = Aol A Ax 1 AMgo] A
oFO R QIgh FEo] AE AMHE FalA R E]lo] Thssithl]. @ ghol| whe} Aid oz Fseko g o] FHo] Fe {7|Q1A)7 k|
A AFsoke] tist WS MAIAC R 1FEo glon =rinict O]E7| &K organophosphorus and carbamate pesticides) AFHE-> 57}
AR 2 woko] ARFHE AL ZF Eoko] SAXE 1 FAlell Qlek Table 12 @A F5 o] Fo] ARREHE F711A/7HH

T AIA A} (e-mail: hyejinlee@knu.ac.kr)

571

ok Melslo] 1 sopo] 7

HEAAAE RAFT 9)

o=/ 5o} F BfEAR okF 71X
2 AFBEE AR 1o e el



572

AgE - 21223 - oA - o]FRA

Table 1. A List of Permissible Levels of Commonly used Organophosphorous/carbamate Pesticides in Agricultural Products Along with Poisoning

Symptoms and Signs

Chemical families of
Compound

Permissible limit

Commodity

Signs and symptoms of

pesticides (mg/kg) poisoning
Diazinon 0.05~0.1 Potato, Sweet potato, Carrot, Buckwheat, Wheat, Barley, Sorghum, Corn,
Rye, etc.
Malathion 05~8.0 Potato, Sweet potato, Oat, Peanut, Buckwheat, Wheat, Wheat flour,
Korean cabbage, Corn, Rye, etc.
Organo-
phosphorous EPN 0.1 Potato, Wheat, Rice, Cucumber, Tomato, etc. Headache, Nausea,
. B Potato, Sweet potato, Buckwheat, Wheat flour, Barley, Ginger, Corn, Dizziness,
Chlorpyrifos 0.02~0.1 Sesame seed, Welsh onion, Rye, etc. Muscle ftremor,
Incoordination,
Parathion 0.05~0.3 Potato, Sweet potato, Oat, Wheat, Barley, Rice, Taro, etc. Vomiting,
- Abdominal cramps,
Carbofuran 0.1~0.5 Potato, Oat, Wheat, Barley, Rice, Corn, Sesame seed, etc. Diarrhea, etc.
Aldicarb 0.02~0.5 Peanut, Potato, Sweet potato, Wheat, Barley, Sorghum, Rice, Corn, Millet,
Carbamate Red Bean, etc.
Oxamyl 0.02~1.0 Potato, Oat, Wheat, Barley, Rice, Corn, Gingko nut, Kale, Taro, Rye, etc.
Thiodicarb 2.0~3.0 Wild Grape, Welsh onion, Apple, Persimmon, etc.
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Non-biochip Biochip-based Next Generation of
Sensing Technologies Sensing Technologies Biochip Sensing Technologies

+ Liquid chromatography(LC) ¥ Amperometric sensors
¥ Gas chromatography(GC) + Potentiometric sensors
« High-performance LC

+ Design novel nanomaterials &
integration into sensing platforms
¥ Fluorescence microscopy  + Novel nanobiochip sensors

+ Mass spectrometry(MS) + Surface plasmon resonance 4 Nanobiosensors on Labchip
+LC-MS + Quartz crystal microbalance using nano/micro fabrication
+ GC-MS ¥ Optical wave-guide sensors

¥ Colorimetry .

Issues with conventional
sensing technologies

¥ Time-consuming

+ Expensive instrumentation

¥ Need experts in accurate
operation of instruments

+ Difficulties in real-time analysis

& high-throughput screening

+ Ultra-sensitive & selective analysis
+ Fast and real-time monitoring

+ Easy to use, cost-effective

+ Portability, disposability

+ High-throughput capability

+ Extended applications including
environmental and food sciences,
biomedical applications and more

Improvement

Figure 1. Overview showing the development of both non-biopchip and
biochip based detection methods for the analysis of organophos-
phorus/carbamate pesticides.
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Figure 2. Schematics of different sensing methodologies utilizing
various biochips created with ligand (or probe) molecules which can
specifically interact with target pesticides. (a) Inhibition measurements
of the activity of surface immobilized enzymes in the presence of
substrates, pesticides. (b) Detection of fluorescently labeled pesticides
binding onto antibody-coated chips or fluorescently labeled secondary
antibodies interacting with antibody-pesticide complexes. (c¢) Direct
detection of pesticides binding onto aptamers immobilized on a chip
surface.
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Figure 3. (a) Schematic overview showing (a) fluorescence microscopy
detection of fluorescently labeled target molecules binding onto an
antibody microammay, and (b) surface plasmon resonance (SPR) sensing
methodology with a typical SPR sensorgram for target biomolecules
binding onto an antibody chip created on a chemically modified gold
surface.
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Table 2. Summary of Various Detection Platforms for a Wide Spectrum of Organophosphorous/carbamate Pesticides with the Reported Detection
Limits and Surface Bound Probes. GNPs = gold nanoparticles, CNTs = carbon nanotubes, SiNPs = silicon nanoparticles, MB = magnetic beads

Detection platform Target Detection limit Probe (Ligand) Ref.
Isoproturon 0.1 ng/mL antibody 52
Fluorescene Isoproturon 9.7 ng/L antibody 53
Mesotrione 0.04 ng/mL attibody 54
Biochip-based Sensing Electrochemistry (EC) Simazine 3 ng/mL antibody 55
Technologies Atrazine 1 ng/L antibody 56
SPR Bisphenol A 10 ppb antibody 57
Chlorpyrifos 45~64 ng/L antibody 11
Carbaryl 1.38 pg/L antibody 58
Detection platform Target Detection limit Enhanced materials Ref.
Paraoxon 20 uM GNPs 59
Fluorescene
Dichorvos, Paraoxon 0.1 nM GNPs 45
) Acephate, Fenitrothion, Pretilcholr 10 ppb CNTs 44
Electrochemistry
2,4-Dichlorophenol 0.6 ng/mL GNPs 60
— Paraoxon 0.2 ppb GNPs 34
Next-generation 'B1och1p Stanozolol ~pM GNPs 35
Technologies

EC-Lab chip Paraoxon 20 pM SiNPs 49
Carbofuran 0.1 ppb MB 51

Capillary Electrophoresis Paraoxon 1.0 uM -
on Lab chip Methyl parathion 24 yM - 50

Fenitrothion 3.8 uM -
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Figure 4. Representative UV-vis spectra for (a) gold nanoparticle
samples with a peak maximum at 521 nm (bold line) and antibody
coated gold nanoparticle samples with peak maximum at 527 nm
(dotted line), and (b) gold nanorod samples with peak maxima at 514
and 777 nm (bold line) and antibody coated gold nanorod samples with
peak maxima at 516 and 790 nm (dotted line). In both cases, antibody
modified gold nanomaterials show a red shift of maximum peaks from
unmodified nanomaterials. Each inset shows representative TEM
images of gold nanomaterials.
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Figure S. Schematic depicting a nanomaterial enhanced diffraction
grating (NEDG) sensor setup for the ultra-sensitive detection of
organophosphorus/carbamate pesticides with aptamers and antibodies
immobilized on gold grating surfaces. Biomolecule coated gold nano-
particles or nanorods are employed to enhance the diffraction signal in
a sandwich format. The sandwich complex is formed by the interaction
of the surface bound ligand with the target pesticides followed by the
adsorption of bio-nanomaterials. The right inset is a schematic showing
a plot of diffraction efficiency changes versus wavelength.
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Table 4. Summary of Representative Domestic and Intemational Patents
and Patent Applications Filed for the Development of Biosensors and
Biochip Sensors in Pesticide Applications

Domestic International
Patent Content Date Patent Content Date
Number number
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organophosphate activity
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53631 organic phosphate based 7374900 detecting 05-20
agricultural chemicals organophosphatase

KR- A portable detectorfor 20086- AR CE L
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KR- Akit for detecting 2007- organophosphorous

102007011 pesticide residuesincrops  11-06 compounds

239 :::rs;? detecting method us- Immunological detectionof  1997-

5677432 organophosphates 10-14

KR- Phosphate selective 2006-

10200600  sensingmembranewith 10-02 | YS- Monoclonaland polyclonal - 1996-

97056 charged multilayer thin film 5541079  antibodiesandtestmethod 07-30

fordetermination of

andits application for
organophosphorus

biochip and biosensor
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Figure 6. Overview of the next generation of biochip sensors integrated
into lab-on-a-chip devices for the highly sensitive and selective
detection of organophosphorus/carbamate pesticides.
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