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ABSTRACT

The spot test kit using poly(vinyl alcohol) as adhesive applied on two substrates; filter
paper and cover slide, has been developed for determination of ferrous ion. The reagent spot can
be prepared by dropping 10.0 pL of 0.05% o-phenanthroline in 3% poly(vinyl alcohol) solution
on filter paper or dropping 10.0 uL of 0.07% o-phenanthroline in 3% poly(vinyl alcohol) solution
on cover slide. A 10.0 pL of standard solution of ferrous ion or sample solution prepared in
solution of hydroxylamine hydrochloride pH 3.5 is dropped on a reagent spot. The reddish-orange
colored spot of ferrous ion-o-phenanthroline complex on filter paper can be recorded by a
scanner. Image K program is used to analyse intensity of the recorded image and Euclidean
Distance is calculated. The absorbance at wavelength 510 nm of colored spot on cover slide is
detected by using a spectrophotometer. The calibration curve of ferrous ion for both substrates is
linear over the range 1-10 mg/L. The developed method is applied for determination of iron in
vitamin tablets. The paired t-test showed that the results from spot test kit on filter paper is not
significant different to spectrophotometry method at 95% confidence level (t,, = 0.53 and t, =
2.57, n = 6) and the results from spot test kit on cover slide is not significant different to

spectrophotometry method at 90% confidence level. (t,,=2.96 and t

stat crit

=4.03,n=6).

Keywords : spot test kit, poly (vinyl alcohol), ferrous ion, o-phenanthroline
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2.7 Euclidean Distance [9]
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matn 0819 reanuihuiuase | Iadwadgalumsimsizd | nmse1eds
UV-Vis Spectrophotometry Solution 0.1-4 pg/mL 0.1 pg/mL [11]
Tablet 1-10 pg/mL - [12]
Water 1-20 ug/L 280 ng/L [13]
Water 0.025-1.0 pg/mL 7.5 ng/L [14]
Flow injection analysis (FIA) Pharmaceutical preparation 1-20 mg/L 0.5 mg/L [15]
Sequential injection analysis (SIA) Multi-vitamin preparation 0.25-5 mg/L 18 ug/L [16]
Differential-pulse cathodic stripping voltammetry Aminoisophthalic acid 3x107-5%10" mol/L 3x10" mol/L [17]
Potentiometry U8 Potentiotitrimetry Pharmaceutical 5x107-10" mol/L - [18]
Flame atomic absorption spectrophotometry Food 1.5-25 ng/mL 0.33 ng/mL [19]
Dietetic preparation 0.5-4 mg/L 126 pg/g [20]
Bovine milk 0.61-1.17 mg/L. - [21]
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Y 1 fu ]
M19199 4.2 1AA9A1 Euclidean Distance U83msaza1vuasgiumossa losouiinnududy

A4 9 (n=5)
anudutuvesmsazmemnasguvlesaleoseu | A1 Euclidean Distance
(NaaniuAeans)
1 1.78 £ 0.37
2 427 +0.17
4 8.99 £0.84
6 12.67 +0.99
8 18.36 £0.79
10 2375+ 1.56
30 -
25 - y=2.399x - 0.758
4 R®=0.996
g 20 4
3
Ao 15 M
5
210 -
3
- 5 b
]
O ¥ T i T T 1
0 2 4 6 8 10 12

L2 das a a o 1 a
ﬂ']13]!.‘]J&I’I.I‘N’Hﬂﬂfﬂﬁ"ﬂBﬂ?ﬂ%ﬂﬂ‘jﬁ"l‘l—élﬂﬂi‘a‘ﬁulﬂﬂﬂﬂ (HaanINABAAT)

Y v w 1 1 4 o
517 4.13 uaasnsluasgIunNuFURUS 32131981 Buclidean Distance fiuanududu

u

VAITTATAYNINTTIU

v/ ]

g1 4.13 wuh Sanndudunseedlugag 110 fadnfudedns 1
aumasuduannss fie y = 2.3992x — 0.7589 uazdarduilszanimsdadule o) whiu
0.9963

4.3.1.2 mmrﬁm (precision)

o a s o o a a o 1 A
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= [ A
Houuaauiuiovaznio %RsD Tagld Horwitz's equation (1% HORRAT equation R}
Usziuanuies voi ldianefnnaned 4.3

a | . . 7w y oy
119197 4.3 UTAAT Euclidean Distance ‘U‘E‘N‘ﬁ'liﬁ&ﬂ"lﬂlﬂﬂ‘iiﬂmﬂﬂﬁﬁvlﬂﬂﬂul"ll‘u‘uu 10

JaansuAoans (n=10)

ﬂ%&’ﬁ 1 Euclidean Distance

1 23.168

2 26.178

3 23.705

4 22921

5 24.365

6 21.739

7 26.388

8 23.531

9 24.719

10 23.121

Aunie 24.164
SD 1.49
%RSD 6.16
%RSD s 7.38
HORRAT 0.83

1
1 =

WenlSeuieuat %RsSD N ldanmsnaassduain ldanmsfiuans wu

1 g 1

A 1w £ oA o [ uij
1ifin HORRAT 1fiy 0.83 ailindosndt 2 munayin AOAC lasmuald [30] Auniuya
2w £ a 4 4 v
nageuNannvuanuisaivensyla
4.3.1.3 133U (accuracy)
aunsodszduld InoiinsmAresasmndufiu (%recovery) Taafiinisiay
o o o 1T a = Yy Y 9 a a o 1T A o
asazawnasgumles salosouasludedaimiuldtianududy 4 TadnSudodas uazii

msmdSinaulessalesoulumsazmededuazmnsavaedeisni@umsarmenasgu

wlosSa'looou udA AT %erecovery Aatiaaalumaedl 4.4
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M3 4.4 UEAIATEUAEMINAVAU (%recovery)

frothait | amudduvesmsazats | anudaduvearoda | Josazmanduiy
oy ﬁ"laaauﬁtﬁu "lﬂaauﬁ?llﬂ‘i wﬁulﬁ (Yorecovery)
@ladnIuAeans) (HadnSuroans)

1 0 2.88 &
4 6.34 86.56 +3.53

2 0 2,92 -
4 6.54 90.70 £ 6.03

3 0 3.04 =
& 6.38 83.39+3.29

4 0 2.26 -
4 5.96 82.34 +£4.43

5 0 2.70 -
4 6.49 04,92 +4.29

6 0 1.84 3
4 5932 86.88 £6.30

N1 44 11T A7 Yerecovery oy lu5a1 82-95% Heeeuinmath AOAC
& mua’ld Ao 80-110% [30] s 1TBdnA i oeft vowsld

4.3.1.4 VASINAVRINISATIONY (Limit of detection: LOD) Hazad1daved
MIN510IAUTIUSNY (Limit of Quantitation: LOQ)

VATINAVDINIATIINY (LOD) Lmz'i]ﬂﬁﬁmmmwﬂﬁﬂ@uﬁmml (LOQ)

mnsasuan 1dan

LOD = Vg + BSB
Ia

LOQ = yg + 1055

8 1 s 9 a a o 1 a & o ' &\ddyd.
Taglgnainasginlurnnudydu 1-10 Hadnsunodng Fa1AmTaula wu 548

o

VatinaveamsasenumesSelovauminy 0.96 W3s 0.72 Nadnsunoans Lazdasiiaves

A15AT0IAFIUT U1NINY 4.96 130 2.38 HaANTUADANT



47

4.3.2 ununszantlaaladidluduaiasn
| 3/ . .
4.3.2.1 anauiludunss (Linerity)
A g 1 A L) o
diohmmganauuas @nu Y) sazanududuvssmsazmonasgaves Sa
9J o Y <1 9 Yo
Tooou ru x) maensinasgui lfansamanuuduasdlddwamsnaneuias
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Yy Y daos \ |
mmwmmmmmmﬂmmimaﬂmm"!eaau AMIANAULEY
(Haan5useans)
1 0.008 £ 0.001
2 0.014+0.001
4 0.032 + 0.000
6 0.053 £0.000
8 0.074 £ 0.001
10 0.094 £+ 0.000
0.10 1
0.09 - y = 0.009x - 0.004
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0.07 4
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e 005
g  0.04 4
&
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1 a = S s = Ad o s
wuReItl Soumasuduannes Aoy = 0.0098x - 0.0044 azliaduiszansmsdaduls A
1A 0.9971
4.3.2.2 A8 (Precision)
0 ] = S w d%‘ Ya 4
Mganagevuuuiunszanlad ladAvauduu ldlmszviarsazate
AU
o o 3 g A A e o :, 3 Ay ¥ [ =
wlos e lovoududu 10 TadnSudeans Tasvimnaased 10 a5e waf lduaasiansei 4.6
o 1 A o g g s a o
A13199 4.6 LAAIAIMIQANAULAIVBINII Az U InT T 1UeTa Tovouidudu 10 adnsy

@9an5 3 (n=10)

:.'r P 1 =)
A3IN AMIgAnaiLas

1 0.094

2 0.095

3 0.093

4 0.095

5 0.094

6 0.096

7 0.095

8 0.097

9 0.096

10 0.093

ANURDY 0.094

SD 0.002
%RSD,,, 1.88
%RSDexpcclcd 751
HORRAT 0.25

] o E4 ] 1
Wethamsganiuuaaia 10 afundrurumaunie ddiundsuuuy

v H H
WIRTFIULAEA %RSD NNUIIMslSouieun %RSD fi ldnamsnaassfumnmiuin

IS 1

. 5 ! T & {
18910 Horwitz’s equation 92 1éA1 HORRAT 11111 0.25 Fafled1ioonin 2 auinaaisi AOAC

¥ Fd
L o

o o adad H { [
1asmuald [30] asiudsnianudeshiansoseysy'ld
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4.3.2.3 A7NUNU (Accuracy)
= 9 o Ty o A o a
annsalseduld TnedimsmiaisosasmInduiu recovery) Tasimaifiy
o o 1 = = EE ) a oA ow 1 = o
msazmenasguves S lesouadludeiiadaniivldianududu 4 Taansudoans uaziii
mimﬂ?mmwl’a%%’ﬁ”laaauiummzawﬁ'mfi1aummiaza'mﬁ'mfmﬁLﬁmm'sasmﬂmmgm
oo 9) T = o 3 o 1 o

meiia lovouTauldyanadeuuuuiunszanlaa’lad 1infuduian %recovery Aaaasly
A15199 4.7

M15199 4.7 iaam I ssazmInduay (Yrecovery)

fhethall | amudaduvesmsazms | anudaduveanlodSa | Zosazmaniudy
wlo¥5aloseriidn Topauiiamsnenld (%recovery)
(Haansuneans) (NaanTunedny)
1 0 2.31 -
4 5.61 82.5+£2.21
2 0 2.40 =
4 5.78 84.46 = 2.88
3 0 2.74 ;
4 6.19 86.07 £ 5.54
4 0 2.38 3
4 6.01 90.92 £ 5.10
5 0 2.74 | -
4 6.64 97.65 +4.07
6 0 1.90 -
4 5.18 81.86 + 1.92

NAMNTIR 47 W T Serecovery ofluga 81-98% Feogluinaaii AOAC
&8 mun'l3 do 80-110% [30] uama 3R AR fvensyld

4.3.2.4 YRS 1NAUBINIATIANY (Limit of detection: LOD) tazyndfinusd
M350 T8 91518 (Limit of Quantitation: LOQ)

Yo 1iAreINITRTINL (LOD) tazladriavesmsdaiaSina (LOQ) anse
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4.4.3 m3limadiagI3dDamalnInslniamms
1. myafrensmlunasgu
° o 1 = g J 9
Mmmsiamimsganauuavesmsazmenasgumes S losowdudu o, 1,

2,3,4 18z 5 Jaaniuaeans Nnue1aay 510 u1Twwas wan lanaasfinis1en 4.8 uag
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=,

4.15

! 1 s 4 1
M3197 4.8 LansAINsganduLdsvesmsazaea s uves Yo loseunanudududie

anuiduvesmsazmemnasguvlesalosen | Amsganauuea
(Naansunoans)
1 0.197 + 0.003
2 0.358 £ 0.002
3 0.551 £ 0.001
4 0.766 = 0.001
& 0.971 + 0.003
)08
1.00 - y=0.195%- 0.018
R2=(.997
0.80 -
E
@ 060
%s
£, 10.40 "
-
020 -
0.00 T T T T T 1

v g dor a a o 1 a8
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Y o w v 1 o
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L
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msdadule ) v 0.9973
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M3/ 114IUA1 Euclidean Distance vosmsazaennasgiumlesfalosouninnanduduma q

(¥iv1 44)

nnaumMsFaduiUUgAan

ED = \/(AR)? + (AG)? + (AB)2

M5199 .1 LAAIAIA NS LYDITUAD

UIATTIUFUANT (%RSD)

= 1

@ A1 Euclidean Distance (ED) uazd

Mudiaaiu

ANMANTUVRIT SAzME AANE AMED | %RSD
masgrulesTalossu Z —
uAd Ve Thidu
(mg/L)
0 253.3440.17 | 253.2240.18 | 251.96:0.24 3 :
1 253.38+0.13 | 252.034027 | 250.6540.25 | 1.78+037 | 7.47
2 253.21¢0.09 | 250.15+0.14 | 249,01£0.11 | 4.27+0.17 | 3.99
4 253.224028 | 246.79+0.62 | 246.0140.56 | 8.99+0.84 | 7.31
6 253.00+0.26 | 243.7320.77 | 243.5840.63 | 12.6740.99 | 7.87
8 252,39+0.34 | 239.6240.58 | 239.6740.53 | 18.36+0.79 | 4.33
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MIAIUTVATINAVDINIIATIVNY (Limit of detection: LOD) taziasifinveinsnsiaia
= - 3 0 0 y
walSane (Limit of quantitation: LOQ) (¥4 46 Uaz 50)
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LOQ = y, + 105,

A = o Ay v 9/
1150 y, Ao gaAaUNU y N IR DINEUMIIFUATI y = mx + ¢

8, An AnnuaAmARAEL 1LY y (Random error in y-direction) 1 [d0ng A

PIRSTSP D
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at w v 1 @
"i]'lﬂﬂi'I?\lEJ’]ﬂ‘ij'IUﬂ’N?JﬁMW‘L!‘ﬁ‘i&“}’i’l'lxiﬂ'I Euclidean = Distance ﬂ']Jﬂ’J']ﬂJL%’M‘{I)i.!‘UfN
[ o 9/ 3 &
asazmenUIRTumes e leoauy ldaumsidunss Aoy = 2.3992x - 0.7589

i 1 o ~ 2 Q o w
M3199 .1 uaaeny, §; Uag (r, —y)" lumsdnadaiinavesnsassanuuas

IniiaveIMaTvialnFfiuesganageuLIuYaULATEAEATO

anuAduesmsazaennasgnulesialooen | Vi Y N Y SV | 0 —Fp)?
(mg/L)

1 1.78 1.64 0.14 0.0196

2 427 | 4.04 0.23 0.0529

4 899 | 8.84 0.15 0.0225

6 12,67 | 13.64 | -0.97 0.9409

8 1836 | 1843 | -0.07 0.0049

10 2375 | 23.23 0.52 0.2704
3 1.3112
o 0.57
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UNUAT y, = -0.7589 taz S,= 0.57 ludumsozld A1LOD 111 0.96 w30 0.72 Hadnsuse
803 Lag LOQ (N 4.96 50 2.38 Haansunadas
1 a d
2. yanageuIUUYaUUUHUnszanilaalan
v o ' ! " o
NNNTNINATTIUANUFUNUT 521 I19A1 Buclidean  Distance AR ud B
[ &) 9 ¥ &
msazmenunasgmes Saloseus: Idaumadunss Ao y = 0.0098x - 0.0044

d' J ~ ~ 2 1 P ~ 2 ]
MIWN A2 UAA y, §; waz (y, —y) uaasaly, 9; uaz (v, — ) Tumsaiuam
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anudntuvesmsasmenasgnuweiTalesou | Vi Vi | ¥i=Fi| 00—
(mg/L)

1 0.008 | 0.005 | 0.003 9x10°

2 0.014 | 0.015 | -0.001 1x10°

4 0.032 | 0.035 | -0.003 9x10°

6 0.053 | 0.054 | -0.001 1x10°

8 0.074 | 0.074 | 0.000 -

10 0.094 | 0.094 | 0.000 .
39U 2x10°
& 2.13x10°

UNUAT y, = -0.0044 Waz S, = 2.13x10° luaumsez'ld A1 20D M1y 0.002 w30 0.64
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