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ABSTRACT

This work presents method development for quantitative analysis of urinary albumin by
test kit with detection by application on smart mobile phone or tablet. Detection reaction of
albumin is based on its association with tetrabromophenolphthalein ethyl ester (TBPE) in the
presence of acetate buffer (pH 3.0) and Triton X-100. Inside the kit box, there are: (i) cylindrical
plastic bottle for urine sample collection, (ii) plastic syringes for transferring sample and all
reagents, (iii) circle-shaped cassette for solution mixing and (iv) user's manual. Detection
procedure was started by transferring sample and reagent solutions in to the cassette. The cassette
was tightened and was shaken. Blue-colored product was developed. The color was taken a photo
through the embedded application in phone/tablet at 2 min after shaking. The color intensity was

evaluated and then converted to the albumin concentration as mg/L.

The developed method afforded high precision (RSD = 0.74 - 2.81 %). Analytical
recovery was observed at 99.6 %. The method was applied to spiked urine from normal
volunteers. The results were validated with the results that were obtained by batchwise method
based on the same detection reaction with using UV-Vis. spectrophotometry. There was no
evidence of significant difference by means of paired rtest (z,, =-1.16, ¢, = 2.78 at P = 0.05). It
was observed that under the same brand and version of tablets, results were not significantly

different (z, = -1.13, ¢, = 2.78 at P = 0.05). However, by comparison amongst three devices

111



(two tablets and one mobile phone), high variation of result was found (F , = 8.02, F , = 3.89 at

stat

P = 0.05). It is may be due to different camera resolution between devices. This will be further

improved in the next investigation.

Keywords: Urinary albumin, Quantitative analysis, Test kit, Mobile phone, Tablet
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Funafidlaguilaiaunisy o sz e dn1diluldaudnmasnis g minlunis
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WATUUNDALAINAUNINU O

(240xblute, ) + (120xgreen, )

blue, + green,

. =) = = d.é Y . a1 "o 9 d:i 9/ 1 é
Saturation ABANUUITFNTUDINWINT Saturation UAUNIND O umﬁ‘n"lﬂw"luu Hue %3

a '

= 9 19 = =1 1 = = [
ﬂxlﬂuﬁ"uTl AIULUAD T Saturation UAUNINY 255 lm’ﬂs‘l'ﬂ‘ﬂgqﬂnt!ﬁﬁﬁﬂ]??ﬂﬁﬂﬂgmﬂ

£l

Saturation mmmf‘hmm‘lﬁ’ﬁaﬁ

max(red, green,blie) — mm(red, green, blie)

Saturation =
max(red ., green, blie)

A | a o Y ! 9 ' ' o
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musofuIn 1ann

value = max(red . green, blue)

2.9.3 5¥UVT RYB
5¥UVUH RYB [Subtractive Color: The RYB Primaries (Opaque Pigments) 19Auanii

v
" = = = - o ) = lé
dnuaigAunasdl 3 & Ao Fuad (red) 1IN (blue) THADY (vellow) HITTVUFUVVAL
4

. i a 9 v °
(Subtractive Color) ({u@fifiannnisgandunsasaziousining fe elidwasduiian

a =t S o

NITNVING AN ﬂﬁuuﬁamadamzaﬂﬂﬁuﬁ HazazNoUNEIU19 TN JUTUNMTHEY

q
9 '

= = a . .. A ag Y a A A '
FAUUUHI MIWANTLUVAY (Subtractive Color Mlxmg) S&ijﬂﬂﬂi‘ﬂﬂﬂﬂﬁﬁﬂ& HIounNIN

=S ¥ =) d-dy yﬂ dl.y o =Y T a
FEUUTVDIV VO SS‘]J‘]JﬁL!ﬁl‘HL uwugmmmwmﬁaﬂzua:mﬁﬂammu'[ﬂtlmm:amaEN

NUIATNITU NM39a lnsed luaueeniuy 1a4

71 2.3 ARz UVA RYB

2.10 HIVLANSIV

Tadao Sakai uagame [11] Taruemsn 1usduluilaaniz Taeld Spectrophotometric
Jwszruuudens Inavesueaunad (Flow injection analysis) Tagld Tetrabromophenolph-
thalein ethyl ester (TBPE-H) L@¢ Triton X-100 1ag lawau1isnisw 1l sauluilaanzang
fihesaiuiiasiidnnw saaa vazuluilunsdinsed lavldimadafiondensina
Y9IV aI (Flow injection) éﬂ‘i’!’ Tetrabromophenolphthalein ethyl ester (TBPE-H) ting
Triton X-100 7l pH 3.0 ﬂiiﬂﬁﬂﬂ%ﬂ’ﬁuﬂf‘jﬁijﬂﬁLﬁﬂﬂ'liﬂ‘izﬂﬂm‘q]ﬁ%ﬂuﬁlﬂd HSA 11 TBPE
114 micelle fAA91A Triton X-100 WUPAMATARsI9TA HSA Tuilamaz1dlugae 0.15- 12
mg dL Saammansalumsiinnedaunduiiv 0,998 iazdasidamigalunisasiiadae

3% FIA A0 0.05 mgdL” finwenanau 610 wiTuiwes Audsauuanasgruduing luais
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= 4 - o o '
An31Ed HSA AN 0.3 mgdL” 1T 1.2 % anwansalumsihamsdgszuuuag

a ] w T o
WATIZHIIY 30 A208199 0% 114

KanchanaWatla-iad uazaae [12] ldiguenmsmidfsuallsauludaanzuaznglaa
Taw14 Spectrophotometric 31A51¥MHLLUDIAIAS Inavesvoaraleguiiuszu (Sequential
flow injection analysis) Tag'ldsinnnszuumsasIviania Spectrophotometric TINAUITLUY
‘3mﬂsﬁﬁmﬁamﬁmmawmmmafjwﬁmisuu (Sequential flow injection analysis) Lﬁ@ﬂ?
VinaTdsduuazaglaa msimnzdmllsiuldanmsfamsdszneusitouves

o § . 1 a v dda & an o
T1/sAufy TBPE i1 Triton X-100 warwegdell pH = 3.2 winsusinnaiuldfuazians

] 1
e~ A

AANAULAINANUEIATY 607 U1 THINAT WA IWITDATIVIA HSA 1A 1U593 0 — 10 mg dL”
o w o v a3 - 1A v w a
uazdaddadgalunisariniafiu 0.3 mgd” Audlsauunasgduing lunmsTinsizd

F & I~] o o
HSA ANNANTY | megdL” uag s mgdl” (Hu 2.7 % uag 2.5 % mudey  anuawnsoly

1

° ] a 7 d o 1 [ a '3 o wa
mshmsdgszuunazimaziiilu 6 ded1eaed Tue msdmaziuuudn TuiAuaasld
=] a < 1 y a = . ' o o
Wudsmsimsigdunuaetiieslumsmliunaldstuludaaz i ldnngieiniy

gy A = = o = g . w BV w 91 e
Ty NuildeanInn11358u9 svuuiwannIuimnzdmsvlglunisaansoadiehil

a4 g
mmmwﬂuhmmmm

Xiashi Zhu uazame[13] ”lﬁ'mumm‘ia‘fﬂx?‘mmﬁ’uﬂﬁﬁ?msw'jw tetrachloride
fluorescein LAY bovine serum albumin-f-cyclodextrin wazmsrmdsuiallsaulae flow
injection analysis éﬂﬂ?ﬁﬂﬁl&jﬁlﬂﬁﬁWﬂﬁﬁ%ﬂWﬁuﬂJﬂ& tetrachloride fluorescein (2,4,5,7-
tetrachloro-3,6-fluorandiol) A1 bovine serum albumin (BSA) Tﬁﬂﬁiﬂsauwﬁwﬂﬁfﬁmﬁu
tetrachloride fluorescein (TCFS) ﬁaﬂzgﬂﬁmﬁ'ﬂﬁ’amﬂ?m spectroscopic AHANIANET 1A
Henuniludunsslueie 0.0 - 28.0 ug mL"Lm:%ﬁi”lﬁ’ﬂ&qﬂ 0.76 pg mL 9ua1aL

Chun-Bao  Huang uagaay [14] IdiauensmiSuiadsudayiulaeldis flow
injection chemiluminescence ﬁ’wmﬂ%’ﬂﬁﬁ? 81904 fluorescein N1 human serum albumin LAY
sodium  hypochlorite Tﬂwhms?{nmmuﬁuﬁummﬂszﬂmwmmiamnaﬁaﬁ:}
cetyltrimethylammonium  bromide U§ 1 uFsen 191500053 aAIMAE fuorescein 168
s Tae 1935 fluorescence spectroscopy 1182 flow injection (FI) chemiluminescence
(CL) WUA15aAUITIAIAT cetylirimethylammonium ~ bromide  (CTAB) 819A8141AAN13

: ; o ; . 3 4 o
wWasuuaslnssas19ued fluorescein 910 quinone Ta)itl spirolactoneform melddeului

9y
mugauivh dwunldannuiuduassluge 005 - 240 pgml’ uaziadinans
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@

737977 HSA 10.03 pgmL” Andeauuuasguduring 12 pgmL”' A HSA (n = 8) 0.8 %
1 9

U s

ad & ° 9 w o a { s R
Fimsiigniunldaseiansdayiiuludamzluszaun lanaaninianole

o a a a 9/ L) s =Y =} o
9IRAT ABNINT nazame [15] IdauemswidSuindayiunazasoratiuly

oz lavldyanaaeumamnudmividede e lalagddnymsinszimlium

o =

sayiunazaiordtiuludaaiz TasldinTes UV-Vis Spectrophotometer 11UA15ANHIYIS
=] o = W o

anuiuduasavesmsazarnanaigiusayiv uasimuimsiiganageuninauiy 19
= ¢ a & Y] = = ad = Y y 9 :: 3

asanneiiRaFnavessayliuiazasoraiulndaazfssauanudududig 14
L) Y o o aa W a { 4

Taswan ldannisasiviamusai lUitededsafivanuidesuesng laidouszosusn

s o a = Y aaa U o a o 3 =
nanmMsnIIindayiue vl s onszniedayiuiumsazatemnsy lus Invlueanmau

s da o - [ dey ¥ 1 o aa s aan 1 =
mﬂmaﬁmaimmﬂuNamﬂmqﬂﬁumu ﬁ?‘uﬂ'liﬂ5'3%'3@?1%@']@111!@’]?1’51]{]??5EJ'Ii&VI”J'Nﬂﬁ’J']

a o o

a s Qs = ] = [~ =y o et 9 = £

muuﬂiJmmzmﬂwmiﬂuﬁmwma mmﬂuwamﬂmmmmaﬁm TavRAvoInanNMUNILIVY
E = @ = A G aa o X & = o = = aa c’l} v

mnmumﬂﬂimmaaymuwmmmmuuumrwu mﬂammaayummxﬂsmﬂuuuwm"lﬂ

=

= u/ = = 91 I~ 9 1 ] &
vAMaAsuAuLaud 1nkansAne 1draeanmiuduasiegluegie 530 mgL” A
v a £ @ @ 2, & o @ = @ = Al oA
dulsyansanduiug ) dhu 0992 dwmFunsnfFuadayluuag 2525 mgL’ fm
as = £ o w 2 =1 o @ =) = el -
duilszansanduwus () 1y 09954 dmiumanfiuuaTeatiu LazKavoIN1TA0

Ter@192100 1 93 19A1 %recovery 1110 99.6 Az 100.9% dmTudayiuuazaToRHuAY

@

a1y

v 311 wazane [16] Tdeuemamnffinadayivludaaz lavldyanaaoy

q

g = -g [ a @ L a 9 o
ayiwdesdulagIdiinisiaumdnnsnisasiefauasimmnganadoudunyudmiy

= o @ =) X : o aa ' o = o
msinnenmfSinadayiivluieswu aerdvlfisessniedayiiv Aumsazaiemnse

= @ d’d:!g

I = J = a ¢ a g a = a o d 9/ X
‘LI‘;TTuﬂuaﬁﬂ‘ﬂ’mMLE]‘VIﬁLBﬁLW@ﬁLﬂﬂLﬂUNﬂﬂﬂﬂN’lﬁu"IN‘LJ Tﬂﬂammwamﬂmmwmmmw
k4

= o a 5 é = o = = 9 = a =
wintSunasayiiutinatiusafnadayiivi wmldnnmaivuduuavalugeanadou

oA aa o

o 1 =1 w a Y A
Tag'ldvhmsfnyrsanuithudupsesaisagaeas giudayiiulaslainaToswd-idiia

y 1 =7 =
ailnIns Wladmed wundsreanudludunsaaud 0.1-50 mg L' Iamduilszand

anduwus ) 131 0.9956
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Journal Sample Technique Condition Insert Reference
1. Spectrophotometric flow Human | Spectrophotometric | -Absorbancewas measured at 610 nm -Linear range was 0.15 - 12 mg ar’ Tadao Sakai,
injection analysis of protein serum Flow Injection -pumped at the rate of 0.9 mL/min. R’ =0.998 Yoshikazu Kito, Norio
in urine using albumin Analysis - pH of buffer was 3.0 -LOD = 0.05 mg g Teshima, Shuji Katoh,
tetrabromophenolphthalein (HSA) -RSD of 3.0 mg AL was 1.2% Kanchana Watla-lad
ethyl ester and triton X-100 -Sample throughput was 30 h . and Kate Grudpan, J.
Flow Injection Anal.,
Vol. 24, No. 1 (2007)
23-26
2.Successive determination Human | Spectrophotometric | - pH of buffer was 3.2 -Linear ranges were up to 10 mg dL" | Kanchana Watla-iad,
of urinary protein and serum Sequential Flow -Absorbance was measured at 607 nm -LOD=0.3mg dr’ Tadao Sakai, Norio
glucose using albumin Injection Analysis -R.S.D were 2.7% and 2.5% (for 1 mg | Teshima, Shuji Katoh,
spectrophotometric (HSA) 8 aad5 mg dL']) Kate Grudpan,
sequential injection method -Sample throughput is 6 h' analytica chimica acta
604 (2007) 139-146
3. Investigation on the Bovine | Spectrophotometric | - Absorbancewas measured at 550 nm -Linear range was 0.0-28.0 ug mL" Xiashi Zhu, Yanyan
interaction of tetrachloride serum Flow Injection - pH of buffer was 2.5 —4.5 - Detection limit = 0.76 pg ml.” Hu, Aigin Gong
fluorescein-bovine albumin Analysis

,analytica chimica acta
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serum albumin-f3-
cyclodextrin and the
determination of protein by

flow injection analysis

(BSA)

592 (2007) 24-29

4. A flow-injection
chemiluminescence method
for the determination of
human serum albumin,
using the reaction of
fluorescein—human serum
albumin—sodium
hypochlorite by the
enhancement effect of the
cationic surfactant
cetyltrimethylammonium

bromide

Human
serum
albumin

(HSA)

Spectrophotometric
Sequential Flow

Injection Analysis

- pH of solution was 8.6

-Linear ranges was 0.05 — 24.0 pg
mL”

- Detection limit = 0.03 pg mL."
-RSDof 1.2 pg mL"' HSA (1 = 8) is

0.8%.

Chun-Bao Huang, Kai
Zhang, Xue-Lian Liu
and Sheng-Fu Wang,
Luminescence 2007;

22:393-400




18

5. Test kit for diagnosis of Urine -UV-Vis - Absorbancewas measured at 600 nm for | - Linear ranges was 5-30 mg L for Aurachat Lertitthiporn,
renal dysfunction Spectrophotometry | albumin determination and at 487 nm for | albumin and was 2.5-25 mg L' for Artidtaya Suriyawong
creatinine analysis. creatinine. and Supawadee
- pH of buffer was 3.2 - R’ = 0.992 for albumin determination Kanjanakate, 2009
and 0.9954 for creatinine analysis.
- % Recovery for albumin = 99.6%
And 100.9% for creatinine.
6. Albumin test kit Urine - UV-Vis - Absorbancewas measured at 600 nm - Linear ranges was 0.1-50 mg L Chathamas Champi,
Spectrophotometry | - pH of buffer was 3.2 -R*=0.9956 Natphaphat Manatoa

and Arisara Phromsuk,

2010




19

‘lJTIﬁ 3
IBMIAUHUNUIVY
3.1 mataiinazginsel
3.1.1 @153l
1. ﬁ’liﬁ%ﬁTﬂMﬁ]igW?ﬁlUﬁﬁﬂ (Human serum albumin) —Aldrich,USA
2. msazanumniz1us lwiluedvmay wofia lomnes (Tetrabromophenolphthaline
ethyl ester (TBPE) ) —Aldrich,USA
3. ®15a2a10 INsN50U X-100 (Triton X-100) —Aldrich,USA
4. sazanuenuoa (Ethanol) —Mallinckrodt
5. €@1502A1WNTAUDFAN (Acetic acid) —~Mallinckrodt
6. IMAUUDL TR (Sodium Acetate) —Rankem

Vv
7.111519910 19991 (Deionized-distill water)

3.1.2 qﬂﬂmismmﬂ%'mm'aﬁﬂ
1. v3nfSung
=1 a
2. fnned
3. Tule
4. a0ANUA
5. iapANARDY
6. WNIAUETT
9/ a
7. ¥OUANTAT
8. WIANIIVLIA
9. NTLUDNAN
10. 1S 0IUENHT Vortex- Genie Z, USA
11. 1750499 pH-Metrohm® 827 pH Lab meter, USA
12. w3esyi-dddaminTns 1w Tnfimas - Jasco V630 ,USA

13. Tnsmviiede ';'u Sumsung galaxy S3
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[~} a 1
14. unuLa® 34 Sumsung galaxy Note 10.1
& )

15. yanaapuMATUY ¥91lszneudiy

15.1. wianaaAnd miuussgdaandz Ui 1 9

=y o ar =) °
15.2. VIANAEANEIMS U0 19Udd 1L T1UIU 1 U9
Y

15.3. 1o maaoy 911U 2 1A

15.4. PILVDNGAVOUNAI TIUIU 5 NTTVDN

15.5. adUdMIUNaNEIsazaY

= ) a 9
15.6. upwamasgudmsulemegy

= 3/
15.7. goms 1

3.2 MINTLNTITAZANY
3.2.1 M32ZMPNATFIHOAYNUANMUNYY 250 mg L
Y ' ¥
ava1wdayiiu 0.0125 n5u lwhnaudsieon leseu udalSuilSunasdaninlnmen

looouliiilu 50.00 Tadans

3.2.2 m5aza1e TBPE A138044% 2.0 x 10 mol L™
azae TBPE 0.0070 nfulumsazatoemuea laviadinlSuins auia 50 daaans
= . =Y a aa @ =3 3/ Y2 A
@1 Triton X-100 U51195 0.1 Hanass USudSuiasdreasazarsenivealnnavavon

SIEETRIGE]

3.2.3 msazaeniivles (0.1 mol L™ Acetic acid a2 0.1 mol L Sodium acetate)
a il . < v o EY 3
- 159U A1902018 0.1 mol L Sodium acetate ¥3W111 0.4101 U JSusuiasaaeiin
171919710 ToodUIUATY 50.00 AdaNT
- P3uuAIaYaty 0.1 mol L Acetic acid 1a81litl#91n Stock acetic acid 99.5 % 31 1.43
o oaa a 9 g a aa g o (Y
Hadans YsulSuesdieinlsirninlessuaunsy 250.00 Taaans mnuuInaunulae

1‘]31, 0.1 mol L'I Acetic acid 245.58 Ha@ansny 0.1 mol L'I Sodium acetate 45.00 Haaans1lsu

pH 19 &1 5201 3.0
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3.3 3511mMsnaaeg

L=

v u )
3.3.1 mﬁ;ﬁNniMmmgmmimammayuu

1. msuumsazatonIasgusaydududu 1, 10, 20, 30 1oz 40 mg L

= 3y 3

Tastulamisazaomasgrusayduiudu 250 mg L'11 0.20, 2.00, 4.00, 6.00, 8.00 HadAN3

e

Taluwiasainasuuna 10 Haaans U55inasdaeinlseminlessy sz ldasazane
WsgIUsayIu ®udu 5, 50, 100, 150, 200 mg L a1ud19

2. Tlasnsazaomasgrusayiivdudu s mg L' w1 0.50 Nadansldlunaoananes
iAyasazalt TBPE 2.0 x 10°mol L' aa'l 0.50 fadans weniluna 40 Su1d viniiudy
msazawtiliied 1.50 Jaddns w50 A mesazawld Cuvette  YMTaALAY

ailnasunnal 2 Wi

3 ]
3. e 1-2 Taowduanududumsazaromnas grusaydududu 5o, 100, 150,

T g B %
200, 250 mg L' awud1auuaazanuidudy v1e 2 a3

= = 4 =
3.3.2 ANEIANTUE DY TUBDIHIEUAN

3.3.2.1 AnyIANuEdusvesansazanan (TBPE 2 x 10° M, Buffer pH 3.0) #i

| o v
wseanfuls
1. Jn)aasazans TBPE 2 x10” mol L' 11 5 mLldluviaussymsySuing
a aa = @ (4 ) ! =
20.00 Taaans Wy saza1eties pH 3.0 $1491 15 mL g1 30 W0
2. hmsazatenaninldun 200 mL lalunasanaaesdil dinaulsianin
] a an T = = k7 o Qs 1 =) c; =} 9
looow 8¢ 0.50 Taddns we 30 317 wdnirldamnisganfuuasnial 2 win Tavly
AMUYTIATY 600 W1 TUINAT
3. Aaeumsilasuntasuesaimsganduuae Tagiin1sasiaianyiaal
Vv
A199) Aail1, 7, 14, 21 1ag 30 7
o 1 a @ = ¥ & <
4. Min1InaasurfeIny Tasdasuandinaudsieinloosu iy

ArsazmenInsTILeayin 1Wudy 30 mg L

= a a o & MY A A '
3.3.2.2 Ananuagsvesmsazaanm s v idum sazaennsen] vl

1. wiswansagas TBPE 2x10° mol L tAu 14 luvaaussyensvua 20.00

s oaa w o g a aa =3 ¥
uannng uazasazarelmes pH 3.0 Lﬂ‘]_lhl’ﬂuﬂl:lﬂmﬁgﬂﬁmmﬂ 20.00 yaaan 7 MnNUTITNI

Yl = 9
2 ﬂ?ﬂqjﬂ@qmﬁﬂuﬁﬂﬂ

@
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2. 193BumIaEA1Y TBPE 2 x10™ mol L uavensazanetivived pH 3.0 Tminn
ASafishnsfng

3. Tilnansazats TBPE 2x10° mol L' Asi3omAv’ld 11 0.50 mL1dlumase
nAaafill msazatwsayfududi 30 mg L 04 0.50 mL weh 30 TurfiEumsazarviviles
pH 3.0 usiioanfv' 13 $1u9u 1.50 Faddes we 30 SurfudnhlSammaganduuasiina
2 U

4. famumadasuudasvosminsganiuuas Tashmsasaniafisaana
199 ﬁ’qﬁl, 7, 14, 21, 28, 30, 45, 60 L1a 90 U

5. ¥nsnaaeru@eITy Taoldousinaisazats TBPE 2 x10” mol L' uas
arsavarwtiiled pH 3.0 fstoudy 1 3ifuarsazate TBPE 2 x10*mol L uaz asazany

fivles pH 3.0 NieToy ]

= ada '
3.3.3 ANEIQUHUNUNanNDaTaz MY
2 aal ' o
3.3.3.1 ANHIRUKHINNHAnNdMIINUIITazaY

1 w3euasazats TBPE 2 x10™ mol L' hul3luviaussgansunia 20,00
a aa ) = o aa Y
findans uazasazaoiime pH 3.0 1 13 luviaussyansvuie 20.00 Taddas Ruasng

el s g
2 mm"hm@mwnwm

U

2. wswansagans TBPE 2 x10™ mol L' iAu'13luviaussgensvuia 20.00
Vv
fiadans uazmsazaoiivos pH 3.0 i1 luwaaussymsuuna 20.00 Tadaas Mua1TNg

3l = =
2 ¥ LiNgamngil 4 esruwaren

3. Tilamsagars TBPE 2 x10™ mol L fisomAn 1ingamgivesun 0.50

= = 1

iadans ldlunaeanaasshil @rsazarvdayiiududy 30 mg L' 8¢ 0.50 iadans 1we1 30
= s a a o a a =1 9 o a aa 1 ) ~ 9
InfiRuasazaoilivles pH 3.0 Mwsownu1d S1uau 150 Taddas e 30 Iwiiua

i lidasinmsganduuaeiim 2 win

4. Aamwmsideunilasvesaimsganiivuas Taviinisasanianyasnm

o

Y
f19% 91, 7, 14, 21, 28, 30, 45, 60 LA 90 TU
5. msnaasurudednu Taudsuaina1sazats TBPE 2 x10” mol L™ uag

o { = | a < - -
msazaivlivlos pH 3.0 e oudy Bigungivesdudisazais TBPE 2 x10” mol L uay

U

=

w 4 A g P a
miasmﬂuwmlm pH 3.0 WLﬂ‘Uul’JWﬂqﬂl‘HﬂﬂJ 4 DIy AL e

U
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= i o d
3.3.3.2 AnvgaungiNnanen) pH vesmsazmeiivlles

w1 w ot o = {
1. Y1 pH vosmsazaetivias i 14 lude 3.3.3.1 iunu Tingamgdfiuanaig

E)

a § ' Y o o o A
2. aasumsilasunasvesa pH vosasazanetwios Taeviininsanian

¥V
TR 793 1, 7, 14, 21, 28, 30, 45, 60 LA 90 U

3.4 TUABUMINWMBVTININTF I

o
L. INUNIWEITaLuNNNINANDI

2. paanmansazats Tawld 1151nsu Matlab

3. hAane m”lﬂmmmmatjmanJummmumawmmmwmu

v
I

) o'y =
4, WHNADDONIUDIYY) RAT AIUATTNHIN

]
A A a

Y = & T J
3 El“]ILLﬂWWﬂLﬂ“D’HT]ﬂﬁ@‘Uﬂ"I%ﬁNﬂﬁ“l’lWiJW’fJ@ﬂiﬂ

H
=

A = | oA A a 4 Y o s A
6. Lﬂ@ﬂllﬂufﬁﬂ’]ﬂﬂﬁﬂ1ﬁWLL@WWﬁLﬂcﬁuﬂquqmﬂalﬂﬂﬂﬂuﬂqalﬂﬁﬂlﬂﬂ‘ﬂq@

3.5 mauanzdmiSnasayivlulaaizlagliindesgd-Ambamninslnla
dimesuaznsdnge ﬁm‘ﬂ‘mmaauuu“luﬂﬁanviﬂﬂ Fuuawnatnaulu
nsfinnilenonsouiiuan
=] o 1
3.5.1 ﬂ’l'i!“‘l]@"l]'l\‘lﬂ?ﬂﬂ'lﬂﬁﬁﬁ'l??i

1. 14¥la5sawana@ngadaodiedamaz 025 faddns ldluviaialfFuasvina 25

v ] Y 1
fadans Y5uisinasaaeinsiaoinlessu a2 ldasdingraninisiiesia 100 1

352 mamneimBinasayivludaanzlaglfiniewd-SadamdninsTvinfimnes

U

=

1. 19la5 wnaradngaeaisaiod1eniinisiiesrs 100 w1 0.50 fiadanslaluvasa

a -4 -1 A aa 1 d a =
NAa0d (ANENTazaw TBPE 2.0 x 10" mol L' aal 0,50 #adaas weoniumal 40 Juin
y 1 £~ = ] o
PInuANaITazaeivives 1.50 Taddas ey 50 3u1R warsazatwla Cuvette 91

a dl. ~
mMsaunualnaTuNmg 2 uin

2. ihamsganauuash 1d ldduravnSunadayivludamiy
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= =)

a d ] a a s Jd A
353 myanzimibimnadayiuludamizlagliuennaniululnsdwnionense
(] a
uRuIan
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*n.d. = non-detectable
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4 31.863 2.051 38.152 0.376 32392 0.338
5 30.772 1.751 34.031 1.028 26316 0.455

4 ada '
A15190 4.9 uansnslSeunsuisams ey laeldn1snaaou ANOVA

Anova: Single Factor

F 8.020

F crit 3.885
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1. MSMIAUMANTEIDNATFIY
A151191 SD ABAIAMMDYAVULIATTIY (Standard Deviation)

4
(e

—_— y oy =
x A9 ANUVUVUIRAY

A Y 9 ]
X, ﬂ@ﬂ’J’ISJL‘!JiJ%uﬂW’Iulﬂ

v ¥
n ﬁammumﬂumﬁmm

2. MSMUIVAMMIAUNEY (Yrecovery)

2.1 dayiu

=

40

M1519% .1 meﬁﬂn%wammmaﬁfamaﬁ"msm“lumﬁfjmﬂzﬁwTﬂ“ﬁmmé"ﬂyuu
1 =}
. MNIGANANLUA o L
feenatfaaniz = — T ANaE AADE - sample
Asan1 | aSan1 | asan3
i Spiked sample | 0.291 0.298 0.298 0.296 0.278
Taiiveana
Control sample | -0.071 | -0.077 | -0.070 | -0.073 -0.091
. | Spiked sample | 0.207 0.210 0.196 0.204 0.201
1299149 100 1M
Control sample | -0.170 | -0.162 | -0.175 | -0.169 -0.172

ATHIN

- ensazatepsgudayiiufinududy 30 mg L' ammaganiuuesld 0.214

AUNSEUATI Y = AX + B

0.214 = 0.0085 X + 0.0058

X=2449mgL’

(Y T { ' [ " = b
- Spiked samplevoadintaaangfilifinsifess Jasnsganiuurundeld 0.278
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auMsFuase Y = AX +B

0.278 = 0.0085 X + 0.0058

X=32.02mgL"

@ 1 :i [F=] = [ U =} c.:. Y

- Control sample ¥94AI08 19T @ a1z 7 luiinsiiena mmﬂﬁﬂﬂﬂammﬂmﬁﬂﬂ -0.0091
aumadunse Y =AX+B

-0.091 = 0.0085 X + 0.0058

X=-11.39mgL"

A [F=] a QA a 4 E) [ =]
*UD97710 control sampleul‘hhﬂaywu AAYUANMANDY 1A 0 mg L

o recovery o 1ked sample — Control sample) x
% (Spiked sample — Control sample) x 100

Std.

=(32.02-0) x 100

24.49
=130.7 %

wInewe Amsumsitensaledeaa1az 100w ldmsmuamufeanuy
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MANUHIN U

gANATeUDaYNY

14 ]
ganaaeudaliuiioad (Albumin Smart Test) A1150FIWAANTDIANWFONVD I
¥
Tuszuziiosdnld TaomsmidSuadayiiuluilaae endvlfsorsenindayiivuassie
d a Ao & o w k2 a @
pudifalumsazaeifid Feazdiinisesinianazdszuiana Taslfuewndinduly
o = s = 4 T a a
Inssmniiede eaueeninluglsmasayiv (mgl) dwwzawnsntsuendsz@ninm
msiavedlald luaudnAvenudSumsayiulumu 30 mgL ualudihelsalaszes
i‘:‘ s = 3 1 3 { U
Suusnziinisastanudayiuluilamazdwd 30 mgL  ¥ull wieNiFend1 a1z ly

Iﬂiﬁ’auﬁ‘%ﬁlﬂ (Microalbuminuria)

gilnsal
Tu 1 ganaaovilsznoudae
1. vanaaandmsuussilamae Swau 1 va
2, vanaregandmsuRevsllaaig 1w 1 vn
3. ﬂw‘lﬂ'mﬂﬁ’é]‘l_l U 2 V34
4. NIZVDNYAVDANAT 11U 5 NTZUDA
5. MFUSHANES
6. wouduasgudmsuldnesl
7. gionmslaay

as £ .
IEmsldganaaey (How to use Test kit)
MSIATHA IV (Sample Preparation)
= v Ay = g T
1. Lﬂ‘]_lﬂ']f]ﬂ'iﬁﬂﬁﬁTJZﬂﬁﬂﬁﬂﬁﬂi?ﬂﬁﬂﬂﬂluﬁl’lﬂlﬂﬂﬂ"]ﬂmﬂ

Collecturinesample in container.

Y o 1 = o '
2. l¥nszuengailamizundiuom 0.3 mLldluviamTsudedns
Use syringe for transferring 0.3 mL of the urine to sample preparation

bottle.
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3. dmihazeaas laudsdiauenlsuias 30 mL

Add 30 mL water.

4. aeh vazd

Tighten cap and shaking the bottle.

Diluted urine sample

MINAaoU (Test procedure)
L. Glﬂi’fﬂ'szuﬂﬂﬂﬂmwiﬂ"lﬂﬁ“1':1"114mﬁnuxwﬂums
Uil 1
Haanziiionands 0.5 mL

gt

Divted uring sample  ReagentA -Reagent B 1.5mL

T .
\%% E Use syringe for transferring ofthe
J . . . ..

followingsolutions into one hold inside a container

- 0.5 mL of diluted urine sample.
- 0.5 mL of Reagent A

- 1.5 mL of Reagent B

25m 2. 1dnszuengailaaiznifontands 2.5 mL 1dly
Diluted urine sample A
MYUSHAUTITURUN 2
Use syringe for transferring 2.5 mL of the same sample

to another hole.

\ 3. Yarh wenaniiew
Kk Tighten cap and shaking the container.
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@ 4, TNMBUTHANTTAIVUNIZATYIDIT M TV W0
//E\\‘ "
- < \ LY L) " Ao hlif
\ \\ \ ‘lwmanumamuwmwuﬂ 3
N
L Put the container into the marker area on paper.

FEmslvuennaniu (How to use application)
1. )@ LOWWANGFU “Albumin smart test”

Open “Albumin smart test” application.
2001y SRR WoSunaney

Press_ - for testing.

El a ' @ o 1 i o 9/
3. B8 anvheeves InsdniinSounuian Wasesudumiafismua B3uunseay
o®

L ose

Put the mobile or tablet into the marker area on paper.
a.nn @ iilediegy

Press for @ a photo.

s @ lesusimanagon

Press for ° get the result.

6.nn EHES LﬁﬂﬁUﬁﬂNﬂﬂWSWﬂﬂﬂﬂ

Press EEE® for save the result.

7.na Lﬁﬂnﬁuﬁwﬁwm‘éuﬁu

Press Q@ for back to home page.

(e [ e WNaIN T

AST App

—d | Sunisnaaol
- —_—— “ﬁn'nﬁuu
e
m > | Hanmildau




45

mstlszidivea
USinadayiulu Tbe wamalygiiu o
setatlaag (meL) S
< 30 Normal ind
>30 Microalbuminuria 7192 1y InsdayiiyGe*

9 ar aa w ) g
*mﬂﬂmmﬁauwﬂﬁnmmmﬂﬂﬂma

3/ 1

UL

=RDe

o ' o L XY a a 1
. wafﬂiﬂﬁxmuﬂwﬁmiﬂmmﬂﬁﬂu WQﬂﬁJuﬂQﬂUWQWﬂiﬁﬂﬂ'ﬁﬂﬁIﬂﬂ‘ﬂ@@!iﬂﬁ&iuﬂﬂﬂ‘ﬂ1ﬂ
" = T [} ar a oAl o A o o’
wuHamsszduvesiuegluniz lulasoayiyise ads ldwuuwndie ldsumsinwn
ao 11
9 1 2 a = ' & a a a an
- WHINYANATDUUITHANTHINGINTI LWIi‘H“]J’]\‘lﬂ34?)’]‘0lﬂﬂﬂ’ﬂuﬂﬂﬂﬁ']ﬂi]’]ﬂwlﬂuﬂuﬁz']'ﬁﬂ"l'i

nageunsagnsunIunInasa1e luilaanzildwan ldnali

MUY

< Y ay Y Y
= mamm;wm’rauhhwqqunwaﬂwwumﬂumuﬂﬂ



46

MARHIN A

e

¢ &, & do ¢ a
| mi‘iJ’izmmﬁ&ﬂ‘humm’Umm 130 ﬂﬁﬂ‘ﬁu!ﬂﬂ“ﬂiﬂ!uul'ﬁﬂa
¢ o dy 0o w P o o ¢ A a s [
'ﬂ\?ﬂ“ﬁulﬁm‘ﬂﬂ‘]aﬁgﬂi”ﬁl“ﬂﬂﬂ’]ﬁﬂ\iﬂ'ﬂ'}ﬂﬁuwuﬁ L;J’ﬂm‘nﬂﬁﬂuuﬂmﬂm’ﬂumuﬂs

o Y a { o 1 [ Y
a5z mlmnamsldsundasnudaaiumernu luanlsay

e2})]

fonaqgn v
O
0/0
O
r
96
;)/'/ @)
. ,——'Q// O
G T fayargn x
(n)
. Hoyaqn y
O NQO
O 4
@) \Q"“‘“O o
.__“____?j_.._,._Q._M..__@
Tayaqm X
()

-4
51 nazarenuUend e
aumsniluy = ab” wie logy =loga+ xlogb

AuNsUNARD

n n
Z|ogyi =n§o‘qa+([0‘c;b)z  SH—— (1)
i=1

i=1

n n n
in logy, = (¥og|a)z x; + (log lJ)in2 ............. £2)
i=1 i=1 =1



47

lned ¢ wag b uAnei way e Wuguvasweandiusssuniiayussunn 2.718281828

2. mlnasgrudmdomilBnadayivludaanzlaglfuewnamiululnsdnniiene

200 -
L 2
180 -
y = 23.349In(x) + 93.066

< 160 - [
g R2 = 0.9882
oy
=
< 140 A
=
=
=]
& 120 -

100

80 T T T 1

0 10 20 30 40 50 60
AANMINTY (mg/L)

de

whadndaenudnniuduueufnasguddl
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3.nanmIaalunn
3.1 wlasgtnmeinszuud RGB Wuszuud HSV

3.2 uonginmoendumwad (hue) ,AWAI19 (lightness) LAZANNUTANTVOIT

(saturation) ﬁ&;ﬂ

(n) ()

g1l wamepilamluszund sV Tasmisnmesniy
(M) M (V) ANNAIN (A) ANNUTANTUDIF
3.3 iwenldmmiuanmanuadavesd (Value) memmanuaiaesd Tuyng

NALa

Al

i 9 9
6
l I l | e
0

|
|
035 037 039 041 043 045 047 049 05! 053 055 057 059 061 063 065 067 069 07t 073 |

A1 Value

ATINUAAINITHINUIIANUDUDIA V

3.4 Henmmziinyaniannuainauesd IndiRssduiimieiua Ama (Hue) 1dni

ad lmas evia1an ludeusuniu
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4. msannannududuvesayfivludaazlaaenndmiilulnsimiiene

TR ‘
izl

Save image

Resize k.
2560 x 1920

'- g% - Read RGB ina?!\fgg Show Imageﬁ%
. Average RGB ‘ pixel albumin

. concentration

=
!

el

e

R | rooonsy
. RGBtoHSV[] hue[J=hsv[0] |
aiue [1= hsv [2]

. Logarithm
function

‘t.".‘
ey
fony

- Average hue[]m
value[] = mode




