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A Microfluidic Electrochemical Sensor for Detecting the Very Low Concentration
Endocrine Disruptor with Self Assembled Monolayer and Preconcentration Technique
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(Suyun Kim - Ji-Hoon Han - James Jungho Pak)

Abstract - This paper demonstrates a microfluidic electrochemical sensor for detecting endocrine disruptor such as estradiol at
a very low concentration by using preconcentration technique. In addition, self-assembled monolayer(SAM) was also employed
on the working electrode of the electrochemical sensor in order to increase the estradiol capture efficiency of the sensor. SAM
treatment on the working electrode enhanced the specific binding between the surface of the working electrode and the
estradiol antibody. The estradiol antibody was applied on the working electrode at different concentrations(10, 20, 50, 100, 200
pg/ml) for observing the concentration dependency. The measured electrochemical redox current changed with the amount of
the bound estradiol on the Au working electrode surface and the sensor can detect all the target material when the
immobilized antibody amount is more than the estradiol amount in the water. The elecrochemical estradiol sensor without SAM
treatment showed a low current of 7.79 nA, while the sensor treated with SAM resulted in 339 nA at 200 pg/ml, which is
more than 40 fold higher output current. When combining the preconcentration technique and the SAM-treated electrode, the
measured current became more than 100 fold higher than that of the sensor without neither SAM treatment nor

preconcentration technique.

The combination of these two techniques

electrochemical sensor to detect a very low concentration endocrine disruptor.
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Table 1 Comparison of four estradiol detection methods

T g3 A
4O AIEE S "R
GC/MS Sl A e A
BN 7hs IHg [5]
qool dge | =ae Ade
LC/MS el o fe e
Hix] s WE (6]
S =] 1O Ax
goy wagy | oon o oE
7ts SHA[7]
RRECE AH B | Lo gaam
BEAY =2 AE3) e e

Copyright © The Korean Institute of Electrical Engineers
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/
licenses/by-nc/3.0/)which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



oA AT BAEY & F7|siskE BEAERHe THE 24
dhdo] HIgH AHIE, WE AE A, B2 HE oA 59 FF
S 7L AriskstE BAle 89 Moji A3 5F thi

o] A7|ststd ol ost MR}, Moty Ak 59 HMs)
[71F AeE E8ske dHe 9=k o7|A J7|sisr
olgt 24 719 [A olso 9gt Atsh/etd whEat o]et
ATE o] 7HA] SAE Kot 2 A= AL 89 Aol
A gofit= HFSOITHY]. AVIskerE BAHEe IA FQIRPY
(potentiometry), FEEH(conductometry), FAEFH (voltammetry)
OF BEE 4 ATH10]. E AFoA AFEE BEAHe A
9] AF7 2 FHQ EHg SHole AARTHOREA, AR
W 71EAS 2] A9 = ARE oA SAGHHEA FE
9] AHolA Bhdsh= SiskE whsol met 2dlste JAE Ee
FAAE ok oIt MYEFH thaFel oz =
SRYAFTH (cyclic  voltammetry), URI RLRFH (square
wave voltammetry)O] YO OAETIISES HESI BA5H=
o vat AAEFHE MESrt

Aol A= 27] 0149] Ad(sample channel, buffer channel)
2 788 55 AAEE U8 OE =211, 1213 22 g1E
JHHEA ROt ZHEst 38 o2 AEE 4 e v na
SR G (single microfluidic channe)E O]&3IQICE B O]4
FAME AISHE olg8sty FFo] BVFst W 559 ME
g ZAV)stekA wog AESH| Qo FHEesE = 1A ¢
o] A7) Z-THE(self-assembled monolayers, SAMs)S &415}10]
17B-0AEREE AYES Qo 188 &, 5% 7|He o
g3l ALE FUAZ 5 AULL dAEE HAEE AU|sst
AME AZFE] 8l 7182 BeA AREEos 55 7)Ho] Al
ME T, Thast A9 0] el dAERES =38
sigion olof tist Aus BASIICE

o &

Q
& oo

2.4 ¢

2.1 A1 2 FH)

5 3 AE3E 7ied nasAdmgs Adsky] st ok
HEE A&e 8474299 SU-8 3035(micro chemih)S AL
g, A= AFols ETGHT AZ 1512(AZ  electronic
materialsth) @} SAHR AZ 300 MIFE AR & A= Ee
et Azt AT X (sigma aldrich#h) ol FE 2 A
ZiNS  Folisto]l ARSSIITE BlAgAE AFo] AFREEE
PDMS(polydimethylsiloxane) &8t=(slygard A and slygard B)
£ Th*3Y(dow corning) tEOIAl FEHSIROH, s5A AFo
AlgEE g FRER(FITC-dextran, FD20S), UL (5
wt. % nafion resin in mixture of lower aliphatic alcohols
and water, contains 45% water)= R Al10F LTI HOIA
Foistach. SEOA0L 178 o AERH]S(B-estradiol -water
soluble) H=gh AR} LEZXfOIA TSR OH, 178 AE

Trans. KIEE. Vol. 65, No. 4, APR, 2016

SETNE WEAZI7] Qs EQs AY Ve AATH
(2400 source meter, keithleyth)E 0|31, =& TH2
£ FZSnAGX 1, olympusthE ARESICE Eot o ~Ee}
U9 A7|stetsy 24g 1ol ZRI7H7] (potentiostat, Dropsens
fh-pstat 20008 AHSSIACE

22 AV 1ZEES A

ALA™=3 Foie 7k QIR0 Al B 178 o AERE
gIEom WFSIAIZY] flal A= gH ApIzEdES

0% 0%

2 FEY 4 Y& WoR A3 HW 9o $7] BERY

OEsH FEAA FHT 4 QU TlEolth £8, ADIE
Z WHe OERNE Rt Bab 540 A BE S0
= Azl W 54 FFo] K8siTi: AS K 1
IFYUGE WHoR A3 WY Slo] §7] BERue #4s)

a3l SI=7](head group)@t Z&7](functional group) EAFEZE

AFEELL FErE A= BH o sstdog gabe B
ol W& 71¢ mHol §F0] 7bsoith F2 744 2 |Kel9
BHAZOE dEsilane)o] AFEEDL, 25 BH Alols E
(thiol)o] AlEEE=H], 58] L EIS (alkanethiols)2 253 4
AslEeg 2] 2ol 25 f19 AIZEES g4 JrE o
Hog AZECH13]. 25 ZH Qo §34E s 4t
2 W9 22 Al&(alkyl chain)g Sdf BHEIZ2A Sl(van der
waals force)S M5 WYE giojE2ws Joz Qldf BhEA}
o] PAEH Ot B rrst &A8717F B & A "ok
2 AgoAe 2 A= 1l SHEE 5 = AVITEHESS
dyolo] dAEZTg SME EQ F, oAEZ&9 1E3S
FLoto] dAEZE9] ASHES0] FTist A=olA 7HEA
= JAEF SHCk

11N e N = o A O 0 0

=

f
8 1o

=

ok it

HAEZEE sFEA7IE 782 UEE HagAg 7
AxRoA ZA7)F E(electrokinetic force)S Q7sH0], Oj4%R
AAGollA QHEH= o]29] MEd] Ext A4S O|8SIT). AT
& 0] Ei(ion-perm selectivity)2 7] 0]%Z (electrical
double layer, EDL)O] &A1t wf, A2 A7] 0]FZ&0] QoIH
SHHA EHEE Side AEECH14). nAgAME Wol 5
FotAr she INERS FYstal AYe QVishH ®AI7AF
(electroosmosis) @40l Q5] TIAEZ 899 5E0| HHishH,
O ARANE W s QIxIs Aeld o] FEabd uhU|h]
2 e S oIt o] wi, vln 9 0|2 AHuog Ag
sto] gojent B 8 4 ok I8 1(ae Aol Q171E7)
A nAsANE WE o2 AEE L Zolth O¥ 1(b)
= DafAR] [AYo] o7tE HHE U ZeE nag
AAE EZo] IRg Hme wo] ol AHLOZ ZHE5H0]
F0|20] &= ZO= OlsskAl Rotal Uule o BEofA 4

=

[

girjgo] 1ASE 5t | (estradiol primary antibody solution) U 55 Aol ZASHH15]. Hule v J|ECR S0|e
£ R&D SYSTEMStEOIA] FFHiBIRALCE. ZEA WM Lol PGS E LI
A =8ctEn 5% 7|22 0|85t Msx UEHH M HEE olafAAMLE 7|8t 7| spsr MA 629



HM7|&s =g X 653 45 20164 48

(a)

% + O + G) . + O + G) %
é O + O + + O + O + %
TEER

(b)
200 e 888 E
< G B B Q@@ . %

go|2 Hm2 2t s0j2
SEAY XY
38 1 55 & PAZ (a) A Q7 A nARAME WR
ol HHl. (b AY 7t & NAKFARE R ol
ALER
Fig. 1 Schematic illustration of preconcentration phenomenon.
The flow of ions in microfluidic channel (a) before
the voltage is applied (b) after the voltage is applied
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Fig. 3 Illustration of the fabrication process of the
preconcentration chip
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Fig. 4 Observation of the preconcentrated phenomenon in

accordance with the voltage application time after
injecting fluorescence material into the preconcentra-
tion chip
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Fig. 5 Schematic illustration of the self-assembled monolayer
process sequence and estradiol immobilization method
on the electrodes
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Table 4 Comparison of the square-wave voltammetry peak
current values at various estradiol concentrations
depending on the electrode surface treatment or
preconcentration
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Fig. 6 Comparison of square-wave voltammetry measure-
ment results to evaluate the effect of the electrode
surface treatment, preconcentration technique, and
estradiol concentration. (a) Bare Au electrodes, (b)
SAM treated Au electrodes, (c) With preconcentra-
tion on the SAM treatment Au electrodes
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