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Abstract

Iron ions can be found in water resources. Iron is a beneficial element for health, but
excess iron ions are harmful to life. Therefore, involved government agencies, World Health
Organization, Ministry of Public Health and Department of Groundwater Resources, have been
stated the maximum acceptable concentration of contaminated iron ions for the water quality
control. Conventional techniques such as spectroscopy and electrochemical techniques are
utilized for routine analysis. Although, these techniques provide high sensitivity and selectivity
for analysis, but still require—expensive instruments and complicated procedure to operate
advanced instruments along with an expert for quantitative analysis. Recently, an alternative
method has been developed for quantitative analysis of iron ions in water using a smartphone
coupled with ImageJ software as colorimetric analyzer. The developed method offers great
potential with obvious advantages over the conventional techniques such as convenient, cost—
effective, and suitable for unskilled user. In addition, anthocyanin extracted from natural sources
was also used as the indicator instead of chemical reagents for the determination of iron ions.
Moreover, smartphone—assisted colorimetric analysis of iron ions in water can provide reliable

results that are comparable to those obtained from complicated laboratory advanced instru-
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ments and could possibly lead the development of hands on experiment for demonstrating

students in high school.

Keywords: Iron ions, Anthocyanin, Analytical chemistry, Smartphone, Colorimetric analysis
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Z > oH
OH OH
Peonidin Petunidin Malvidin

A 4 Tassaiavasanslunguuanlnlooiiu

OH
HO. ot : O
7 oH Z

OH

‘ﬁ&l’l: Pascual-Teresa et al., 2008

OH
o 0,&\3*0
ol o
oot 1) )
2 = R =
& e
OH OH
OH OH

General anthocyanin structure at pH7-8 Fe'* -anthocyanin structure (Formation at pH1)
(Blue— Purple color) (Purple - Red color)
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fAANaTaINTIS0IuEIINNALUaAN (Burger
and Burge, 2009)

1UnN13957970N9F AranuLTNFvas
u‘%nmmmi’ngﬂ‘?mﬁzﬁﬁafﬂﬂnmm
U3228HaMN WU STULEIMINzauTia
llumsanatanslasianizluniasiaia
nafvaslfAsofidwaaiidnn Taolidnng
sunuwanuasdan agnslsiealunmsasia-
Fanaflud fAseAlwanainnaisanald
srunfdudilwdnaurmasvauadly uazd
mwm‘hm:mnﬁqm TdsunsuszanananIw
ImageJ 1un133azdadlussuufinai
fNugudluszuy RGB handszyndld
ATTAURIFVBIUT N WATINIAHUITUUR
w1 lasanuduinnaiaszegluszufim
lugaslnudniuandrsnuie was (Gy) Woa
(Ge) 48z 1L3n (Gy) Balulisunsy Imaged
a:Lﬂﬁmmwﬁwuﬂlﬁaglui:uuﬁmwﬁam:
LATIZUNGR (Ferreira and Rasband, 2012) @9
Tun il 6b Tagendn ldannudastosussd RGB
s 1 udnsugaay (subtractive color) LIu&

ﬁgﬂ@@ﬂﬁumummmaﬂﬁuum VI LEIR

154

Wsu Wen wazues d129AnuenIeAn 400
500 500-580 WAz 580-700 nm AN G
zvhwa@iamiuauﬁu%amaﬁ'uimﬁ'umﬁuj
WsaFYBINYE (Birch and Stickle, 2003; Byme
et al., 2000; Cantrell et al., 2010; Choodum and
Daeid, 2011; Choodum et al., 2012, 2013; Ep-
person et al., 1988; Giorgianni and Madden, 1998;
Suziki et al., 2006) lagmM 31T AN AT LA ud-
arTosusd RGB tufiduinauiGoauniaidn

ad A A & @
FNONAANAUATINAINY El’l”mauLLmuuﬁ]ﬂ‘lﬁﬂ’]

u U
a

fygnaniaauauas g sanalimadiamzd
fianwlge FamanmIusznnefsenadadny
wefiagi-Aadasnlnslnlan3

Puchum et al. (2019) Meelapsom et al.
(2016) Wz Jarujamrus et al. (2018) fAnwne
51AT12¥N19F (RGB) i a3taszsimnd5unm
Usan (Hg?") ludnagneiin Tagendunsama
daaunisaaadvadayniainsuiawlu
(AgNPs) ﬁvl,sjﬁmiﬂ%'uﬂ;aﬁuﬁ's lasandslu-
Taswaavwiarinidsznavldary 96 wau
RaUfAsndmsunsanaiaduiuisessy

a aaa ' aaa til a ¢§, v
mafiadjitenlasiezUdfisenifiadudas



M Anmmans inalulad uazisuadauemaioug 00 11 aduf 1 (2563)

A1979 3 msuﬁauLﬁum:wjﬂamﬁmﬁzﬁmaﬁﬁaymﬂ‘ﬁﬂg?—?ﬁLﬁaaLﬂﬂIﬂiIWI@]mw%ua:mi

dronwlasldndasuusniinliunsandasas

ImageJ) luszuuansazans

o o

30N Ul UTUATNUTENIANANIW (LT

dsziaumeidSeufiay

wafiagi-iRdamunlnslwlawns-

mysnsmwlaslindasuuaninlnu wie
nda9adaasINALlUTUNTNYTZIRKA NN

(4% Imaged)**

USanasansnld

A A 4
nansaslamlnsal

&4 a & a4 an A
FINVIAIBINDVNEGI LI-IRUR

anlnsinlawns

MIAATEAAANUTNTUDBIENT
ar08in9

AWDNABY (accuracy) WREANN &9
Wigs (precision) 289M53LATIZH
MU NTUD IR IR BN

mwgnﬁawaamﬂﬂfmu

wagdlaTA laniazanatng

IEmsnsaastszanc 3 Tadans

Magaiasnndadld cuvette

=
L‘Y]FJUE]’IﬂﬂTlWN’W]SE’]%

leFomyrhludas judns

1271505982 200 lulasdas (munsadsy
Cwed o “
whaswldduagiumouzils)
swmgﬂﬂiwmmﬁaamﬂlﬁﬁmﬂé’aauu
¢ Aa a & a < A9 o,
s INuNImMIGaauaLnaiaswi ltan
L ad a A 4o &
aamdunIanitlnae nenwau1dn
eI/ndasasaasiunulysunIudszuians
mwluanizAfinisniuguuas

=
L‘Y]FJUE]’IﬂﬂTlWN’W]SE’]%

pansule uazsaufinunuATanasIuMse
819NN ITINHY

Jianzimdsunmansaiagnidiouana-
e Ao X A 4
ITuANanIursansailnaatsnans
a % o ' ' a A
Jiered lenanomanid emyaTE it
A3 ST A e a5 lae'la
dasndurinweniadifnimyluniinna

a € a a
AQNTATIUTU

nNwma I cuvette NNAINAIENTUUIANIATIIUIUIG 3.5 T8FAAT (Khaodee et al., 2014)
RUIULNG 3

~flulanwanumadniivsznaulldas 96 wanfaufATen (Puchum et al., 2019)

6 £ Aa 3
saninlnu maldnizidnisaiuguusnd
JenzimdSinmanududusaslsanedae
waUNRATUANM M IUTIaNNTIATIZA I8

o . ) a = & o
RaNBAIat G TLATIZRRINAT (128 6n-
atsdadalug) lasdnalnlunsasialiaasit
Waaymaduawawmluid §ATony Hg®
v liiianseand laduas AgNPs (Ag®) 1A
Wadu Ag® tRuNndn lusuzifoanu Hg?
anidadiiadu He ldBadunufinuas AgNPs
ol Ag-Hg azaianu ilA IR a3 AQNPs

ANIITANIRIANNANITNT UV Hg? N

AI t§/ a 1 v
Wadu lagaunsndiaehaanuituiues

aaa { a t§/ U IA Qq//
isenfiedulasldsuninlnunaaaiuadl-

A o A o & & o a
walntuinawdwduguniniaraiane
& o v o 1 % U
T ldmansndivdpludmniasaiala
= a a s Q/dl&/ 1
fuszAnsnwlunsasiaiadsenladdn 1w

a U = l§/

RU1TAIATIEH LA 8URzTIASIIU (AN
watuwwadlsennasranuluindiatnsaziaas
AwiravasrnInInunud) lanmmsdenzs
Aa =] o a &
Afianahgs flanuduwzianzas ianzdim
USuadsanlualatai lunuidslaatias

¥ vaA o

wane 9 ara819 wazldsndudaslgelininee

U

155



J. Res. Unit Sci. Technol. Environ. Learning Vol. 11 No. 1 (2020)

Tumslgann

PNMIMINREAMNERY WA TI9-
%3 1 1 a 1 A :/ a v
70 wuin andmnlugesfinsuwlnainnlalu
mIanviagigatiiesanmniasainy fazm
ANDILAUL T UL RIFHINLTIAUIZAINITLATLAS
oG T U FATINUI NN ULRIRE1LI U
NNINTIVIANWAWITURINITOITILATIZHAN
Usunmdsanlandaidanisanaiadged
aaulangdnua i nualuina i sIsnea

muldnmenwunzanlunisanoaw
mﬂﬂﬁﬁ‘%mﬁwmylﬁﬂdaamuqmmﬁa&ﬁa
4 . a A
PuINNFaINAIRAN wazfanaaatnniale
NRDILTIMNNT 4 Y1 INBAILANANEIY
YBILFIAAITINDRAANNARIALARD UV INA
nsnasaduazddudesasnanwuaIgIn
TINAaWRIANNLTNT UL TaN Hana1nRnIT
aTIARAUANNDNABITaIMINATANNaW
X A ) a B & &
Fuisunumaiauiaigiun “lasdiaides

a 6 Qs a

avaauiinuaumasnTusUnlngams (cold vapor
atomnic absorption spectrometry: CV—AAS)” W19
WaUWRLATY CAnal NAAAIUUINIIN WU bT
I 6 s d; v a [
Wugunintanaiansdiliuanisianme
lduandrenuifunasgin Snnsfieaaly
miaTaiags Mhataslumslienzd

#aNaN% Koesdjojo et al. (2015) AN
mMavysunalansan i unIzuuaIIIa
A o A A &
fanduszunvadnaamefidsduganna-
uaunaianitea laglwiwessaloaan
(Fe?") il fisennulwunabauanas loan-
Tutalsa(lll (KFe(CN))) laa1sUsznay
e tawanvadlasaudl) wassn oo lud

P A 1A v

(Fe[Fe(CN)gl,) TamnAvIunamnasialonau

a a A v J ) ot
NNFVDIENTRCAYITN RR T UYWLTUN W 9N-

156

i neanudud leasldndosdnunwaas
guninluu srurunislduaywaiagu Color
Assist L o80T WA luszuD RGB lag
Bennms e uiuasud i lase
nymanesn laglazasnnududuass y =
~0.1666x +16.55 (N1W# 7) uazidas na

'
o

mqﬂﬁm{umimﬂﬁ@ﬁ 100 lulasnsudadiag-
893 snusmitanznySunmwlosawman e
meluwasnlifwnd uazenanIni iy nal
lunmsSoumszenle

Fe?* Assay

e
o N
(=2 -1

oo
(=1

40
y =-0.1666x + 116.55

R? =0.9789

Red Channel Intensity
[+a]
(=]

20

D L
0 200 400 600
Fe?* Concentration (pug mL?)

i 7nwanaspwssInae N uE lus a i
WAIURZANUTNTUVBILAEN
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