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E-mail: cji@ajou.ac.kr
Phone: 031-219-2343

Homepage: softlab.ajou.ac.kr
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B.S 2001-2007 Seoul National Univ. Mechanical and Aerospace Engineering

M.S 2008-2010 Seoul National Univ. Mechanical and Aerospace Engineering (E{ 27| A &+ &)
PhD 2011-2015 Seoul National Univ. Electrical and Computer Engineering

Career 717
2015-2016 Quantamatrix, Inc. (2|33 AELE )
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Biofluids Micron-sized Cells
Blood cells

Water

Blood
Sweat
Saliva
Urine

shoalhavenspringwater.com wordpress.com, sciencesource.com



HIO| 2 7A| £H A4 =X

A2 = L MIA = oe A EITH M

£~ MicrofluidicAgarose Chanr
A . Chip

Bacterial cells /-
in the agarose /_

Working electrode

/ Microfluidic Fabricated SPCE

Channel

Lab Chip, 2025
Chem. Eng. J., 2025

Adv. Health. Mat.,2021 Lab Chip, 2025 Bioelectrochemistry, 2025
Ady. Func. Mat.,2021 Lab Chip, 2023 ACS Sens., 2023
Sci. Adv., 2019 Lab Chip, 2020 Anal. Chim. Acta, 2023

Sci. Adv., 2018 Sci. Trans. Med., 2015



4P-centric medical practice

« Paradigm shift in medical practice
« Treatment 2 Disease Prevention and Health Care

Molecular biology

Structured, stratified
d rele t approaches
CLINICAL P health eore:

Medical technologies PROCEDURES PrEdiCtiVE

Sequencing technologies

Big data INFORMATION Preventive
TECHNOLOGY Personalized

Processing capacity Participatory

Connectivity technologies

* ZX|: Quebec Network for Personalized Health Care (QNPHC)



From Lab Analysis to Wearable Sensors

—

Lab Analysis Point of Care Wearable Sensors

videoblocks.com toptenselect.com Kim et al. Science (2011)



Sweat Analytics for Health Monitoring

Current: Blood New: Sweat
Rich content of important biomarkers

Biomarkers Physiological States
Sweat rate Dehydration
pH Metabolic alkalosis
& _ Glucose Diabetes
F A. Lactic acid Physical exertion
© llya Andriyanov / Shutterstock Chloride ion Electrolyte balance, Cystic fibrosis

Blood + Needle Sweat + Patch (non-invasive)
| .




Soft, Colorimetric and Microfluidic Device

Color Reference Marker
il — Pl

Capping
Layer

kit

2 gt—i i—_-_ icrofluidic
=i\
1

oz ~ Ny Color assay

Channel ‘

-Soft Mechanics (~1 MPa)
/Adhesive -Simple Colorimetric
Layer -Chrono-Sampling

-Measuring Sweat Rate

Cross section view

PDMS channel

Adhesive



Sweat changes : Need of Chrono-sampling

Ramp up  Cycling at constant load Cool down

' 36 <€ v >
EARCH LABORATORY 5 35 | :<_Persp|rat|on starts
S P < 34
"8 ;/. < '_I:' 33 W
2 % '
SE 14| | /\Kﬁ
(4 e | |
= |
5o 00
O J
c_:") E 20 | | M«,\
2 501 |
I+_I§ | M
2E 29 :
_ 8 :
T= 6. ' N
...... <. E 4| :
2 L , , , :
0 400 800 1,200

Time (s)
Gao et al., Nature (2016)
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We need valves for chrono-sampling

S X

Valve Valve

Epidermis

11



Capillary bursting valve

Wall B

Straight channel A P,

? Li}uid

contact angle: hydrophobicity

A
| 1

Bursting _ _,_ (00597 N COSHA)

Pressure w h
\ ]
|

Channel dimension

o : surface tension of liquid

8,: contact angle of the channel
6; : min[@,+ B; 180°]

B : diverging angle of the channel
w : width of the diverging section
h : height of the diverging section

H. Cho et al., J. Colloid Interface Sci., 2007 12



Capillary Bursting Valves for Guiding Sweat

Extraction chamber

Sampling
outlet

JL\_#Z

\d
™\

Bursting pressure (kPa)

w

N
(3}

N

=
a

N

e
3

o

_ . Experimental
B Theoretical

. . I
# #2 #3

Channel location

Chamber

3 mm

}"-

[~

After centrifuge

Choi et al., Advanced Healthcare Materials (2017) 13



Extraction Process for Laboratory Analysis

Recovery by pipetting Recovered sweat

Choi et al., Advanced Healthcare Materials (2017) 14



Na*

Temporal and Spatial Chemical Analysis

l\._. A —y ./l—l——l
0
— Forearm
%10 In Exercise
S 5
0 |
=90 =+, . .
—ia /l/
Ze0] N\
~30

0 2 4 6 8 10 12

Chamber number

Na*

30

Exercise

L |/ .\l\./. \.\. /l\._. |
il
Forearm g
In Thermal S
()
©
O
o
-

I A\!/ —

0 2 4 6 8 10 12

Chamber number

Thermal Exposure

M),

Concentration (m

oo
o

(=2]
o

S
o

N
o

B Lactate)
| ™ K+
| [ Na*

Chest Thigh Forearm Back

Regional Variation
Choi et al., Advanced Healthcare Materials (2017)
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Colorimetric Assays

in vitro results Reference marker

32 33 34 35 36 37 37
36 32
Temperatur
[*C] 35 33
10 25 50 75 100 125 34

100 75 50 25

Chloride T . -
[mM] HEN
10 25 50 75 100 125 25 50
Glucose 100
[uM] 75
4.5 5.0 5.5 6.0 6.5 7.0
2.0 55

pH : ) ) ) | ’ (6.0
‘YXx )

20
Choi et al., Science Advances (2018)

Lactate
[mM]

15

16



Color Level

Colorimetric Chloride Detection

Chloride Assay Chloride in sweat
T
Ce¢Ag,Cl,0, + 4CI- + H* & 2AgCl,(s) + HC;Cl,O, (purple ion)
Silver Chloranilate precipitation Acid chloranilate ion
10 25 50 75 100 125
Chloride
Concentration [mM] T e e —
200 80 100
180 —_ m Colorimetrico Control
160 % 75
140 B  —
c
120 | O
100 | ‘é 50
80 | =
60 | S
c 25
40 | S
20 |
0 ] ] ] ] 0 0 T B N N B | S I S | N | S S S— | S i
10 25 50 75 100 125 #1 #2 #3 #4 #5 #6 #7 #8 #9
Chloride Concentration [mM] Test Number

17




Colorimetric Glucose Detection

Glucose Assay Glucose Peroxidase Yellow Glucose [uM]
Substrate Dye = color 10 25 50
Buffer Enzyme ar
H,0, /\/</j/ /‘/ o,
‘ N e
X 75 100 125
CHQOH CH2()H
OH
Substrate (on Do oH >
u Q o~ C— -
HO Ty Glucose o
=) idase o
Gluconolactone °X Glucose
220 60 - -
o Colorimetric
200 § S 50 | oControl z
; = T I
o 180 < 40 I I I
> (o) I
@ 160 | = i
- © 30 Hl &
- — I
o 140 =
O @ 20
O 120 } O I I I I
Q10 }
100 } (&) r]id
80 o Liz

10 25 50 75 100

Glucose Concentration [uM]

125

#2 #3 #4 #5 #6 #7 #8 #9
Test Number

18



Color Level

Colorimetric Lactate Detection

Lactate Assay Mixture Lactate Peroxidase Yellow Lactate [mM]
Substrate Dye ,. color

(Red) / \' 5 10
Lo ® o
0 \ / 0 15 20

0 OH |

Lactate
Pyruvate oxidase Lactate

200 30

180 |
160 |
140
120 |
100 |
80 |
60 |
40 |
20 |

@ Colorimetrico Control

N
(3}

N
o

-
(5]

-
o

(5]

Concentration [mM]

o

10 15 20
_ #1 #2 #3
Lactate Concentration [mM] Test Number



Color Level

pH Assay Paper

240

220 f
200 r
180
160 |
140 |
120 ¢
100 f

80 r

60

Colorimetric pH Detection

Universal Indicator pH
6 74 8 9 10

Acid Neutral Base

8.0

pH
4.5 5.0 5.5

6.0 6.5 7.0

7.5
7.0 f
6.5 |

55
5.0 |
45 |
40 %

mColorimetric o Control

T
-

=

¥

#1 #2 #3
Test Number

20



20 mm —

Sweat .
‘woo rate

—_— )

-4

Iuco 'Y J \
—-——'Feperature |

L
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P

Lactat




Chrono-sampling of sweat

96

Choi et al., Advanced Healthcare Materials (2017) 22



Exercising

In Situ Sweat Analysis

Analyzing Color Calculating Conc.
By Smartphone App.

R I 192
2 % 1 74% | Hex #DOBFAA G 172
= ° B ] 138

Hsv i 33° 18% 81% | RGB 208 191

tabs | 78+ " 3+ | 13+

amvk | 0% | 8% | 18% | - 50 IJM
s AR . R 174
G: 147

5] i
Glucose: 25 uM

PhotoShop® also works

23



Sweat Analysis by Color

Chloride: 75 mM Lightness level Green level Lactate: 19 mM

75mM 50mM: ‘20

:52 57 |
20mM 479
7S mM 181 15 mM
:161
pH: 5.6 Glucose: 38 uM
25uM 50 pM
pH 5.5 150  :138
:209
205 144
Red level Blue level
pH 6.0 '
1180 b

Choi et al., Science Advances (2018) 24



Sweat Temperature and Skin Temperature

Time 101" 216" 30°42” 40'6"

. 33.6 353 34.2
37 T34 -{ﬁ{{ﬁ@ﬁ 4
f¢4¢t wil g
36 Start sweating
J— : .i
B et
g 2 | ; { B '3:.1 {TI c"-,-"
© sof S . else g
5 .. . @ 3.
: 23 | it top exer.msmg‘-,.. of g
2 L ¢~ ..e..Tympanic ¢ .:"
Ii, 32 -'.‘ ”..'...' .....--DeVice
31 i . ‘: ...O---Skin
--.o---Sweat (TLC)
30 P

0 5 10 15 20 25 30 35 40 45
Time (min)
Choi et al.,, ACS Sensors (2019) 25



Local Sweat Loss and Total Body Loss

High Precision

-15

H
o

26 min

38 min

o
T T

- NN W W
o
| p— |

—
g O O
T T

* oo-.¢" «*

'0".‘.. .
o

R? = 0.81692..*

Sweat collection (pl)

0
0.25

Weighing Scales (~109)

0.45 0.65

0.85

1.05

Normalized Total body loss (%)

Choi et al., Science Advances (2018) 26

1.25

57 min




Sweat Rate and Chloride Field Studies

G

: Gatorade Sports Science Institute

o A P"i ATORADE
2 3 '

27



_6GX SWEAT PATCH_

Personalized hydration is now available to all athletes.

Your sweat
profile results

Fluid loss 2 5
~
Approx. ounces

20-300z

Sweat rate 70 O
~
Avg. milliliters per hour

600-800ml/hr

Recover

Consume 199 of protein
Before 12:00pm

Drink 80z of fluid

Before bedtime

8-12 min stretch

Before bedtime

https://www.gatorade.com/gx/gx-sweat-patch 28



Sweat Devices for Diabetes

Current method: Blood

Fast plasma glucose (FPG)
=126 mg/dI
After 8 hours of fasting

HbA1c (glycated haemoglobin)
= 6.5% (140 mg/dl)
Average plasma glucose concentration

.
< =y
<

e E T~
: /

{ »

. B‘

© llya Andriyanov / Shutterstock

Blood + Needle

New method: Sweat

350

300

250 -

200 -

150

100

50+

Blood glucose level

0

0:00

0:10 0:20 0:30 0:40 0:50 1:00 1:10
Elapsed Time (hr:min)

-4.0
-3.5
-3.0
-2.5
~2.0
1.5
-1.0
-0.5

0.0

Sweat glucose level

Diabetes Technol. Ther. 2012

Sweat + Patch

29



In situ Sweat Glucose Test with Blood

Glucose Tolerance Test

8 hr fastin 15 min Drinking 2 hrs 20 min
9 Sauna session glucose Sauna session

A - -~
~ e .
W - =
R 1A
22 0.5 uyM 36 0.6 uM
Non-Invasive

Glucose Level Monitoring




Hybrid System of Microfluidics and Electronics

~ ~ Soft Microfluidics Flexible Electronics

NFC device —

Near
Field
Communication

Color 5
Reference -

\ - \
~\_’\‘/,

Colorimetric \—/ | i

kit — e Ym

Electrochemical_/\j p e q

Sensors \( g & \\‘\ ]
yLs o o .

Microfluidic— ( ~.4

Channel &

| “ . AT Lt B 5 .
A A\_/Pcl'ﬁay*, Gutruf*, Choi* et al., Science Advances (2019) 31




Amperometric Electrochemical Sensors

Working Principle Electrochemical Sensor
Target Analyte

O,
Enzyme

Oxidatio

——

Cathode m Anode
A
\_/

Lactate
30
121 NMR Data—» » 118
=, 155 51‘ Of
é 12§ :-30
‘s 6 Sensor lg@ 9 60
£ 3| Response ¢ & 8
® © = 90f
=, 0 {3 O
: . P 120k, : : .
0 300 600 900 1200 0 300 600 900 1200
Time (s) Time (s)

Amay*, Gutruf*, Choi* et al., Science Advances (2019)
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Long term test with blood glucose level

(Ip/Bw) P*°8[asoon|9]

o o o (=
© < N o
- - - -

3 o A R R R R EREREEREN!
- <

o~ S

it

FEEEEEEEEEEEEEEEEREEEDR mmn

Day 2 180

125

o w0 o
o N~ w

(Aw) abejjoA

25| Day 1

33

Amay*, Gutruf*, Choi* et al., Science Advances (2019)



Approaching to the market

Patent of sweat sensor I'

S5

CERTIFICATE OF PATENT

£9 H| 10-2334848 &
Putert Number

RHYS H 10-2020-0071849 =
Applcation Number

auy 20203 06 12¥

Filng Date

E b 20214 118 30%
Registration Date

EYOIFH  Trie of the iwention
Hlo|2 MY 25, 0|°] X WY N Ol O|83H: Hjo|R MY ALY

SHARL raernee
S UCHE R LT 2 TH(114471- 24wy
MESEA 48T PE2 77 (WES, IRR)

EEX wentor
2|75 Y (821220-*++*+)
MESEA [T HESE2230 93 Y EYAY 6022

flo B¥2 EIY,0f o2t S5 AR SKEIUSE SIYHLICL

This is to certify that, in accordance with the Patent Act, a patent for the invention
has been registered at the Korean Intellectual Property Office.

20214 118 302 Y pace wwe
E5HE
e COMMISSIONER,

E 5
E3% 7& & ;3}1
Korean Intellectual

Property Office o 3

Meeting with & SH|C|FA
2021.11.29

@oﬂm‘

A | = |
g &3 @0l

For Blood Glucose Self Test \‘ |E

Ghn i

— allmedicus
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Wearable Sweat Sensor for Insensible Sweat
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Insensible Sweat Glucose Sensor

Fabrication of Glucose Sensor

¥  Nafion membrane

PB/f-MWCNTs/SPCE GOx-Fc/ GA/GOx-Fc/
f-MWCNTs/SPCE f-MWCNTs/SPCE

WE/ SPCE

Nafion/ GA-GOx-Fc/f-MWCNTs/SPCE

Preparation of PVA- Agarose Hydrogel

“ 3

Unpublished



Performance of Sweat Glucose Sensor

1030 550 r--
< 1200 F"
g 1020 | 466 m
E 600 &

1010 — i
j ‘,~” i ™ e
=
S \
§ 20 |
:
= 10
]

12345678
Nature Com. (2021) Location

oOF -0.16 |
0414}
—
< T 012}
= <
- = o0k
e 2 £
2 . g -0.08 |
8 1M o -0osf
3
——10uMm -0.04 b
——100 uM
—1mM 002 F
4}
58 59 60 61 0.00

Time (s)
Electrochemical Signal
from difference Glucose Concentration

Using 1 ul of
Artificial Sweat

Glucose

KCI NaCl

Lactose AA UA

Interfence analysis

Unpublished



Measuring both Physical and Chemical Signal

T
i a _

i Electronic

| components  ———

1

i C I i

1

1 a -

i Colorimetric .

1

1 1

| assay s

i Microfluidic

i Channel 21309C 222t  2134yC .2"!28 IC 21160C
E "2'138%‘ E'IS'Nf -2‘\‘4 ™NC -2'1352(. E'IBSSC‘
: 2 2MM2C 2MMSC 27MM96C 271M30C 2NN isC
E StICky : 21680C 21BSC 21693C 280 16C 2660C
| layer |

1 ]

i i

1 1

i i

i Adhesive i Color app Share

! layer : =

a s -

i i Pick image

1

1 : H 1 Chloride

E E p I de rmis E Concentration:

' ' 34.56 mM

1 1

1 1 N
i i Color analysis

Alam, Choi, ACS Sensors, 2023
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Mapping sweat & body temperature

Subject #1
Beginning Middle
(2 min) (18 min)
d
Sweat loss .
32 | Subject #1 Chioride
'S ¢ Temperature
& 40 _
T 24F © 2.
= g & @ . o
w ‘o *ae*HE 3.
» H B b e 7 * Q.
2 d B B : : 30 —~
3 MELE ‘ 11 B =
= ‘" q { » -
7] 1 nt ] : . ‘W
s b : : : 20
: [al=) |if=]
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123 45678 9101112131415161718 1920
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. ,L

Body parts

Alam, Choi, ACS Sensors, 2023
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- e g
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Wearable Skin pH Sensor with L'Oreéal

6.0
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Hydrobraille: A wearable tactile sensor

C
= =) = a Il _l— 1!—
Hygroscopic L— = Elastic sheet
expansion | pgrr:::t?;n + Bulging
Tactile surface ~
[ Hydrobraill ! - \"“"*.
i § | | o N .
Hydrogel  “Micfochannel
D
Inlet
Loy | an-
oW
NPl N 1¢cm
Side view
—>» Wet distance —_ >
—————— e — e ———————— S —————————
E
Membrane im I S
Hydrogel , | l‘)
Dehydration __ PDMS
Ecoflex h
PDMS
Mold Demold Embedding —— Diffusion — Swelling

Collaboration with Prof. Jonghyun Ha at Ajou Univ Under review



Mechanical modeling and analysis of Braille

A .
polyacrylamlde (P' \/ \m) hydrogel Stretched film Compressed hydrogel
Film o
| l h - Q~><V """""""""""""" J) Compressedl I()"
’ . UOTIPIECREE o] :
d T Hydrogel \O Fllm\ 0 1.8R(1+¢)
Fim | | T ‘
Swelling R. : Hydrogel d
R,
B C D
1 - 6 : 0.7
— Eq. (1 —Eq. (1)
0.8}t a-() | 5t | 061 ‘ |
. 0.S-Recommended hEIth. e "X ) i i |
4 r 1 o o
gy 06- - — p— o
g & Recommended height E 3l | E 04+ ° ®
— — =~ 0.3} [ ]
< 04t < S °
51 8 2 b
Y n il 0.2} *
02+ 1 4
, 1 R -
0 . . . . 0 . . . . 0 . . .
0 01 0.2 0.3 04 0.5 0 0.5 1 1.5 2 25 0 20 40 60 80
h [mm)] R [mm] f [min]

 PAAm hydrogel’s crosslinked network with hydrophilic amide groups rapidly absorbs
water while retaining structure.

* After drying, it shrinks, but rehydration causes significant swelling via osmotic and
hydrophilic interactions.



Hydrogel-actuated tactile morphing surfaces

Dry Wet (SRR Initial Dot swelling Line swelling Area swelling
__I_EI" eeee evs0ee soe 000
Dot Oih— [h = " ‘QOOO ® o ee e ee
L) ’ . L ® B b L
‘ - g\ - £ & [ L] ‘\“ " szs,
Arca @D — - - ot
2, V , /3 - - - «@=
S -- » a . € v L 9 & \“’-’ b
Line > —> — = ; . I 9
.‘//0‘ I s
E

Top view

Collaboration with Prof. Jonghyun Ha at Ajou Univ Under review



Applications of the hydrogel-based Braille

PAAmM hydrogel g4\ direction

Initial Final
C
Stage 1 Stage 2 Stage 3 Stage 4
— — —>
- -~
= - ed
Initial Blue braille Yellow braille Red braille
D E
200 mm
Hydrogel = ”’r’,’ Liq|uid #Ds 1& —
e WI P P P, Gas #2 3
» ) E[ oy c a
8- [ w,
I %’ ~Va #1 F_a
Inlet - Di 200 mm
.
F I
» #3 1cm
#
Initial Low pressure Medium pressure High pressure
(0 kPa) ) (P=0.6 kPa) ) (P=0.9 kPa) ) (P=1.4 kPa)

Collaboration with Prof. Jonghyun Ha at Ajou Univ Under review



Sweat Asymmetry in Stroke Patients

Sweating dysfunction is frequently
encountered in autonomic failure

« Sweat asymmetry observed on
forehead, chest, arms, and hand of
stroke patients

sralab.org

Korpelainen et al., Neurology (1993)
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Sweat Analysis for Rehabilitation

Left forehead

Healthy subjects

Right forehead
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Sweat Analysis for Rehabilitation

Left forehead Right forehead

Stroke Patient

49



Sweat + Motion Analysis for Stroke Patients




Measuring both Physical and Chemical Signal

»

Reusable,
—Fetchable,
Motion, Sweatrate  gweat Chioride
Wearable _ - : Heart Rate

electronics

> - Single Use,
Cover s ~ Sweat Analysis
Microfluidics ” ’\\\\\\

layer

PN

Bottom
Layer

Adhesive
Layer

PPG: photoplethysmography
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On Body Measurement

lliptical Exercising Acceleration & HR Sweat rate and chloride

3 ¥ §1057
NextFlex Sensor Waveform

3-axis Accelerometer

P UOW
1.0 L
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