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ABSTRACT

The paper-based devices for analysis of formaldehyde in pickled squid
was developed. Reagents are immobilized on a filter paper by sol-gel process.
Phenylhydrazine is added as an ingredient in sol-gel solution. The sol-gel solution
is prepared by mixing tetraethoxysilane (TEOS), 4.0 mol L : hydrochloric acid solution
and 0.069 mol'L phenylhydrazine in ethanol with volume ratio of 2:1:2. The reagent
spots are prepared by dropping each 10.00 pL of this sol-gel mixed solution on
a filter paper and left for drying. To analyze for formaldehyde, the first step is started
by dropping 10.00 pL of standard or sample solution on a reagent spot and left for 7
minutes for reaction between formaldehyde and phenylhydrazine. Then the second
step is followed up by dropping 5.00 pL of 0.030 mol ¥ potassiumhexacyano-
ferrate(lll) solution and waited 60 minutes for oxidation of intermediate to final
product. After drying, the pink-red color of tested spots can be recorded by
a scanner. The Image J program is used to analyze the intensity of RGB light and the
Euclidean Distance can be calculated. For formaldehyde in concentration range of
1-10meg L'], the linear equation of [ED] = 1.0041[HCHO] - 0.4007 and ¢’ = 0.9992 are
obtained. The limit of detection (LOD) and limit of quantitation (LOQ) are 0.08 and
0.28 mg Lrl, respectively. Accuracy can be shown by recovery of 99 - 104% in pickled

squid sample.

Keywords: Formaldehyde, Sol-gel process, Phenylhydrazine, Pickled squid
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1.5 Uszlewinaiainazlasu

1.5.1 logannasuuuunseatvdmsvimssimusinavesinadilen Tagldndnnis
N32UIUNITEa-19alun15MTeNTATIBINA TINAUNNSATIRTRRIuNIsaLNuUyadLaY

Uszanananulusunsy Image J™
L] A L7 du s =
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Wosuaflanluniinnsau
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2.1 Wasunantlaavsawasuiay

as 1

a1sWefunadled (formaldehyde) Wuansiianlnesssuwid faaudi Ay
nsEvIUMIEITUNSdUUa TR TIaLdn] wardsanunsonuldlusssunafiinan
N5 vl 1y violawdesasud nswang1 sl imnliasugnainnssy uag
1natuynd usu arsidaduarsndusadiladuianis Unieglugufing iuaisiai

< ' y 2 = v ' ¢ - . & X
ysevedne (Volatile Organic Compounds / VOCs) fidowesin Wasudu (formalin) viaiide

=l

muannmialiuiansuaziaiivseenfsznineUszvea (International Union of Pure and

%

Applied Chemistry/IUPAC) §i3877 “Wosunadlen (formaldehyde)” wasanmusanaiiide

1 « =l ” " 4=|d g o 1 LY
71 “Wosuitu (formalin)® - \uansidivwinliana (molecular formula) Wiy 30.03

=l

= o v < < ' a @ aa =
fignsipdifie CH,0 dnvazlaunluiduaisile Wild Sndugu dnduaisifadiguuse

q

lngvziinseendladatnethe natellunsavesiin (formic acid)

U 2.1 Tassadanaipfivessnswesinanled (formaldehyde) [4]

2
a

mifi1gwesuanlenuaswosuidu darauliunsass (pH)  Uszui 2.8-4.0
— = - o ¢ & P = - Y
(Mgaumnil 20 e waldea) Aevesunadlendyasiond 19.1 ssmnvaldiea (AU
| LA T - < = =l o § o o=
Us58N1A) druneiunduiiyadendl 96 e waldua (FAuduusIEINIA) Wasunduiiyn

d -~ = = 4 = ar o 1 d
NADULUAIN 92 2IA LAY uanummﬂuwmummﬂuanwm:nﬂnsau LA LUDININ

€ = oo {Jﬂ' <t

Waswnadlas danvurilufiividinsseweldienate Wufevesindailes (sas formic

aldehyde) Fuiigmsluiana fio CH,0, uasillafinwdsludazaarssliinarsveuneuenles

< @

asuaulneanlesuazlalasiauinnuenatuiilluiiy nsiivesuranlaning

a

[ o
NwtuzIdung



n1sdrlldusglesdluatuaieg Jedesilvnarsluvesvailaenausvinnateodu

dnsavaly L3und1 “Wasunau”  Fedianuuduainesutafles Uszui 37-55% e

el as

Ui edaswesunanleaauanainazazarelaanuul waldsaiuisnazalslanny
weanasaasnmy lumienseiudnulyaiunsnazatslaluaisursviin wu lelafu areiuiiy

wazlalasiauladeanlea Uudu agnalsAinunuitarswasundusinlurssiadesndolus

=

AMUAI Weasnndnasiianiseandladnateilunsavasiin lnsawizluanzigungiige

s
v ow oW

ot fa o [ = [ v oa o ' = o a = oo
mnmﬂamnmmwmﬂuwwqq m’lwnmaumwmaaﬂﬂm PRUUAIUAUGULAUATITNTNYN

'
o

AULEDETUITONISAE@N INYd sHesu1Aul asndndeududy Taun luniuea

o 1

(methanol)  lumdnuidududseun 5-15% Feagyinlnasvesundueglusureanis-
¢ P ¢ ) 4 '3 a oA ) o

Wasutanlen (paraformaldehyde) @1nfa Wosd 1@ U HANTUINNIUBANULD

wismasnadlanrautnlnuaissuionsmamanzuansirllglusuaieg Tadusgai

1 & - ¢ = LAY a o o
sgelsimuflearswismesinanlensylunzguugiisnssiu 44 serwaldoa

Y

srdsusuluilulndieswismesinadilen (polymerparaformaldehyde) Fsiidnwauzidu

s

nznaukaziluiviosmeiludunsierouyutiwasdsnaeulasianizdndtiile nsulssau

s [ a as

o w0y & < v wa o
qmamnsSumamiwmiuvﬂmmaum‘ﬂwumw 2 MIUNIEINTUYYRINNDUATIE W.A. 2535

q

TAENSHAANITUIINITEIREN NI I LI ATEUASDIADILYI NN UL TN AN UNDULAY

Ao URR VAN N Fen1sHaARTaNsSUIIRRTuB B uInguns 1Y (2]

2.1.1 unasnu1veaInesuIantan

WVAINLTBIEsUNARLlEnN 2 dnungR WasulanleannanltuanInene

i v
- =t

(exogenous - formaldehyde) - tagwWasu1adlaaniindunielusnenie (endogenous

formaldehyde)
1) Exogenous formaldehyde [5]

Wasuradladlavinnisuensienelaainnisudalugnavnssy

& w a

wazgnMsiinludanaden Msndnlugramnssuiudesunadlasiluarsiadnduingiv

q

mnulugaavnssunseankaniunvanvateviialuyssmalvedilssundanesunadlas

PNTRQAUMANFD Wnuea Fwpnitinnaalsemanesuiaflannlaainisuundnaz ey

Y

lusUrasansavarsnesunadladuienasunduianududulszuiuiovay 37-55 lagumn

warilivmueanaueysrviniosay 1-14 lasdwinTueyiunisth Wldeu



2) Endogenous formaldehyde [6]

wesunailedgnadrstuneslfainnseuaunisaneg nslusnnie
3 sUuuufie JUasBast (free state) gURTIAUasluanalualuanmAunduls
(reversibly bound to macromolecules) wagguitsauiuanstuanalveluanmaundulals
(irreversibly bound to macromolecules) i]’!ﬂm:mum‘rﬁaﬁa’]ﬁ'ﬂLauifdﬂLLaziﬂﬁLaulﬁﬂ

< v
UINBIVDY

2.1.2 Wasuadtanluamis [7]

WE)%mwaﬁlasﬂua'\WiWUﬁu’q‘LugUmaéaizLLaz’lugﬂﬁsmagjr“fua'lsé'u
Ao LUsAu nsmilaAddn (nucleic acid) 'nsaagilu (amino acid) todu (amine) A3LOFUY
(creatine) waziardlalung (nucleotide) lnewuseiniivesn1ssiunud 3 slinAe Snesadida
(reversible bond) Wadin-alua(acid-labile bond) way WoTA-3TAWNUN (acid-resistant

s

bond) UanNwuLAIL

1. reversible bond Wunisiiaiuseieiiseninaasinadlen uas
TUsAulugiu wes e-amino group U831 lysine, a-amino group U8 N-terminal amino acid,
guanidyl group of arginine Way aromatic ring nitrogen of histamine warnIWlawu
(tryptophan)

2. acid-labile bond (Jumsiiaiusy sewinewesuiadlennu
Wsfu  Fehlidnnindentuvesdadu  (ysine) Aue1sitiu  (ardinine) woan1s 3y

(asparagine) n3anamiiu (glutamine) lnevisisifiady (methylene bridges)

3. ‘acid-resistant bond Hunsiiefuszsznitaesunadlennu
TUsAu lesnisiiawmaladu (methyl-lysine) Wasiialadu (formyl-lysine) warladulnlsau
(lysine-tyrosine) Tdoufusnomyjiuiiadu  (methylene bridges) TAnwmyinensiiu
(arginine) nls3u (tyrosine) uarladu (lysine) finnurinshifiasvifisonfuresnadlen
lminnssaniulaetussmilssninadailanuariusiviuludnuazens methylol groups,

Schiff bases, methylene bridees waz imidazolidinone adducts

2.1.3 n1sasadadsununasuanlan

[
L

=1 ‘ o o . o & [ Y
LuaamnwaSmamlaﬂwﬁawasmauawﬂmﬂauaqiummi PIUUIIAT

a o @ & a f A a & v oa [ & & v
wanideansiulsenuemsniivesindudevu Fuuilnavevsiulaedisls vallonvagly



aa o ]

Fodsnmdnge Iﬂaq}mnLéaé’m’iﬁaﬁnamiwE‘NmﬁmmaﬂaqLaua fouslasiteslidoutrauy
fimu ﬁqﬂu’uﬁqm‘s%ﬁaﬁmiﬁaﬁnamﬁlﬁ%’maqmmﬂaamﬁ’ﬂlumiNﬁw‘%amiwigﬂ
pdslafmuludagiuldiinsudnyannasuniarsofunduiionviunavesundunse
wesinadladidesiu eliuslnaazanlunisldnsaasvansifluewns  awuudliu
qmﬁwmﬁwﬁm‘lﬂwmmmsﬁa q Fsamnsavedeusaznunaldviuiinasuuunisnsaade
3561149 L*?'\iam‘u%u1mﬁLL‘LiuauLﬁaLi’JumimwaaUﬂmmwﬁwuﬂ’nuﬂaaﬂﬁ'&;‘vaammmas
nmaidevuludinden Taedisnisnsaldud 33daaeiumd (Colorimetric  method)
Flasuilnnslveunalausiouegs (High Performance Liquid Chromatography, HPLC),

FBawninswnd (spectrometry) Wazynuremagay

L)

2.1.4 dayanrsasranuavasunduesiianlas

AJ =l s =3 s 1 1 -

oy A.A. 2013 Food Safety News U@9@1%3gaiisnImIANIY1331d015M599
wurlasuiadlernandanintraned@sluiwevnsuesessuialun  (supermarket) w84
ansgausng lnguariinsianuasniadlentu Wulaidndranasisnssussnvuiu uas
@ a = E « i v ) 1 o
derudoniuauiy Gansaanunesinadlaalulaisaeaz 25 3andaviiumet19iamunain
v ' TR o, i = ¢ = o < o w
Swguesruaing  wallufirdsinaiaifiasranuneiunadlesvu - 1Oudariudnan
Useinalungaiade - luvnsivavesanigeusniievisengudsemadug  asaalinuans

flanan?

el w2557 UniTuandadnriunniensainisemisiazanveslnglevin
msa;'uﬁaashamm'mmau,axLifaE‘w’mi'lumﬂmi’uaamammﬁa NUIINTIINUASWOSUIEY
FouwluomsuazTieatuil nsueutsls 2.uATAI9IA LAUMBE110IMISIINAINER 5 U
fruru 275 dhedw wuindinasldvesundusiuiu 102 Mot Andudesar 25 Fatu
NsENINAIsITUNgUIIUa e sInau/Mesutanles lutnpiuldlusiwisauysznne

NSENTNAS1TUYAY aUUR 151 (We 2536) wisnses1wdygfiems wa. 2522 gldansi

@

@

nummw%ﬁﬂﬁmmsﬁuLﬁﬁﬁﬁ:}ﬁ'ﬂﬁia;:{U%T,nm ﬁmﬂumswﬁmﬁwwﬂwmmsﬁlﬁu%qw%l,l,ax
MEINNUANENITUNITBIMTUAYEINTIARUAITNING 1R BIgNANTUNISMUNAMNTEBI

Aoalnudnanliiiu 2 U wiausuliliu 20,000 v wieviasmaUsu

World Health Organization (WHO) wuitlusssuwAvesnaniueinneg 3

answesunivegmusITuYIRluLAazYine s dauanslunised 2.1



a .~ a da a a w €
M1979% 2.1 Uihﬁmﬁ’liv‘laéu’lﬁu‘wuﬁ)grﬂ'Wﬁ.lﬁiimﬁﬁmlumﬁﬁuazwamﬂm% [7]

Food and Product type Level (ppm)

Meat and meat products Food type

Beef 4.6
Pig 5.8-20
Sheep 8
Poultry 2557
Processed meat products < 20.7

(including ham and sausages)

Liver paste N11.9

Seafood type
Crustacean 1-98

Bombay-duck < 140

Dairy products Food type

Goat’s Milk %
Cow’s Milk & 33
Cheese <33

Others Food type

Alcoholic beverage 0.02-3.8
Soft drinks 8.7
Brewed coffee 3.4-4.5
Instant coffee 10-16
Syrup <1-1.54

« o
2.1.5 USunauasuantannwuluainig

Tusmisariinesinaflediintuld  ausssund  wdernnissuaiu
Wissiuuas  91MsUREMIT  WIBNII AU LTINS Buidive sunadlediiy
duvsznou Tuwesundednisliiedudiuveiids  AfugiuvesUSunaveduailed
luewnsnudesaaluunan fe 0.03 - <1 fadniudeilansy d@wlueieizeemy liun

fu T wavileflAviniu 11.8+40.17, 8.75+0.28 way 6.24+0.12 fadnsumanlansy anudisu
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'luuauﬁv‘hmnm&ua:lriau Ay 2.9-4.6 Tadanjusenlansy luldnsendavinnu
10- 20.7 fladnfudeilaniy wagluwausuaiuivsunavesunadlenluseivasis 224-267
fadansumanlansu [11) U“smmWa%maﬁimﬂuﬂawxwmﬁmmq&n’jﬂmmsﬂizmwﬁuﬁ
suIlulanen (hake) wiudsiiamesuSununesunadlenuseunn 232-293 fiadnsuse
Alansuvaiueada (haddock) wazdainszuan (mullet) wuailutas 1.47- 4.87 adnfusie
AlansuuarAnaiovasUiuamasinadilerlulainen (cod) wirfu 100 fadndurenlaniy
Tuonmsusznnualyl Wy weuila uazuasow wuUTinaumesuadledeglutiig 6.3-6.8
fadnsusenlansy dwluuesly wedowe n&e wasiuddy wuuSuwvesunailes
Wity 9.0, 13.3, 16.3 uaz 19.5 dadndusonlaniy Auddu ndudnmeq Wy nevdnan
nevaUd uarlingm wuumasesinadled ity 269, 31 uar 35 Sadniudenlaniu

o as = & = I s P
MNAIRU [9-10] wagtSunauvasmadlonnmuluamisuseinvnmngg danandunisnei 2.2

= = « ¢l '
A1519% 2.2 Usinumesuiaflasnimuluoimisdsuinneieg (9-10]

Y~ Ysununesunanlos all.
HANNUNDINIS % V) L2 HARANUNNNUGIER
(Faansusanlaniy)
a; Qs L2
\adER )
(Wavuaudn (Wosadu wau ldnson HE6T LaNSUATU
WINTUAIU)
LA KRR ALY
(UUUWE YU WER UNUTIUAS Ta) 0.041-3.3 Ba
2MSNELA
- Uan 6.4-293 )
o < " o
g e
- Crusteceans (N3 N< 1) 1-98 UATpEiu T
- Yanuiinan 0.26-19.7 (desp frazen hake)

- Uamdinusiean 0-169.6
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A15197 2.2 () Usinamesunadlesiinuluommsussinnaieg [9-10)

Y . Usunuasuiadlos R
NAANUNDINNS e h o NARAMNINUFIFS
(TadnTusaflaniy)
NN
¥ = o 3
(MunW3B3RY NMukdNTIgY) 34-16.3 Mg 1593y
~ -
LATDIRL
£yv o € o o« a4 1 I3
(wauupaneged Linauusanaged us) 0.02-8.7 winsnuliinauLeanesod

2.1.6 auasiganvasuianias [11]

dl; voar =Y l; 1 o s b7 U Ve =Y d
Tunsdifsilasuludsuiuaisianisaiuisaianla wawanlasuluusunun

1%
A < =

gauvselinududuinniiy. wesinduasdsusyilunsawesiia (Formic acid) Fadign

Chba

Matemavinnursdgaalus e liigaanola Wesundunuiifudessuuaieg (e

3/
as

P194319N8F T

=

Wosufuarifwdesruunisdumigla vinlasulusdraslesyineass
wosuadled ulivzuTumm q dgnntegsyateAoanun Manaudaluagvilivaonax
v viliwauagn Wuee la melaliosn Yeadniau dviuden iiiduunansefiedu
avan Maanddluaan q sgvinliiivanden auniglalisenwiunitenuazaiuluy
= =t X o L] e 1=y [ =Y v
fian o1n1swmatderafevunaledluamasainlasvanslasliiionnisidvuaniashle

mnlasudsunadeadunanuiuasiionnislanasmalafndanssvasnausniau ([usu

Wasundusriifivioussrassuumaiueinis Wefuuseniuenis
fudounpiunduluiinaun asiliviedsuredisuuss Wladuds wiumien din
wazaouiiy aduldondou dievies Uraviesatneguuss nssiwizemissniau iinusaly
nszmzens mnldsuansillaensuilarasieoimsfvlasdeundu Fsensidausivan
vipwogaguuse 0doy 9e91sesa Jaanzlioon vunad fiudesiislianadedinmee

sruunyuidsuidandumal dvinlasuludiunm 60-90  F azvinlinasvinauves

au b vla waraueudavas waznaliminnisursnauiinsaufinauazuiniinnisseane
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as '

Wewaigaymaiuniela Aduld oulou Uinviodot1agunse vueadla uanainiidanys
Wasinduduansnousiiwig

L2 =l [ o = o e a = Y a -] vV oa
Wosurduinanaiindy odudaasiinn153eAULIABIRBRINLS YT IALAA

4 o &

Ausuduiuwaauilouauiwaudinmiluiuasududvnlamndudalnon s
2.1.7 msuguweiuna [11]

2.1.7.1  mngniawis Tudweeniuiinienissudidududinnuuinyg
& ' v = ¥ ma a4 4 gud = v & 4 v g oua
Junanednates 15 wil uaragldnaftstuilieldureuenluds 5% auleudadluiy

[ T | [ ]

£ g d.nl £ v o o 1 o L7 1 n‘
NOMDBNWAZANI M EINEUTAYaYaRY d@rudann i ludnnautiinduunlylva Tunsain

Y

o
t:fﬁ'Lu-s o

a1 shiaTulvsudgledswnd

2.1.7.2 ymingthufnszateifoinn Wsuaeanainailaeiilidedie
yunde dndu Tilvarusnduaiogrados 15 wid wiaulaudenauuiararaduass

v = @ o v &
A windallonisszaneiresegiiinguaslunuwnne

@

2.1.7.3 mnmeladnld suidgeeanainuinuidudaungwddiainiea
U3avis wazlugUasgaladnanmiidnwenludedmivanauaaly 2-3 vee driloin1sgunsa

Ieneleauayduiila uayiuihdthedwnnd

2.1.7.4 winpauvseiuwesunaudily dduiedidiafegvauuinutily
< ~ & vl 5 1Y a A4 8w [ o v 3
Wuvsinunng vslidinusmmdnlundsanaud i luudd v3ely activated charcoal

i ludeuinaundie waglidiulindieti Sudidthedwwndlaeinian

2.1.8 Yauuzthdmiuguilana [11]

€ as

' oW & a & % 1 &
was uIsnInwunesuidulwleou lawn 811W1sVLia 1edn) Hnanuay

v 2 =

Nald DR USLAAdsdeI1e IuIsAUSIaAdudivesu1dulimisdeuiSuuseviy

-

wsgHesuduuarsifinduguanndiednluldluemisdinaifuilanaslandu

] o 5 1 o < v v 1 d Q!I
uUUWUBY MtunauNsIuUsENIUVSeUsENaUaIMSAITA s ITarandunauaAIusiula

Vo

wazsuUsemulaag1iaanne "“;%'nﬁmwaauiwawwﬁﬂa%mﬁuﬂuL?Jauae‘jw"s'ahjma'lmﬁ

[
= v

daunmdne el dulullednilidunady mingnuasuwan vieandunanu udrdvanat
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<v Y v oa w vala o = a a o a v o v &
Alimsye ouludn waldinfidnuasuds Won nseuvseaniaund wazinluval vienauile
[ ] | - ] ] A‘l’ o Yo w ' a o
wlssundiudesdy limsdounusenavamisilinaainanaaslasudunseainwasuniudn
& v @ - o o & W v - - Il - '
Yuidaunls dudnvsenaliilviauilu viavinduau wisauina indunauaynuielyl

v o 1 = £ = l&) o s - v s al L3 =
filuananivesunduduitou  dwsunisidonomisivlasndsaindunsievadnasunau

b=l a

& a4 v o= & dw o '3 a - o &
AITLA NG DAY ﬂ']LUULuaV]lNLL“ﬁ‘NE]iiJWﬁU WqﬂQﬂLLﬁGLLﬂﬂ PIIGRY LUUL')a’]u’]us] LUB

|
a =M 1

sedldnuaizuie warlidsfiseginilowdy amsdenderneundioniodnnies idandnilad

s I3 = a - = - & v '
ﬁﬂWWBLLﬂQWi@ﬂi@Uﬁ]ULﬂu‘lﬂ ﬂ']iLﬂEJﬂE]']MTiV]&'ﬁLﬁﬂ'J‘JLa@ﬂ@ﬁﬂﬁiﬂﬁﬂLualM%ﬂaUQU

M e = v o ' H Ao o w v v
dlifnund uazewmsnziadensdmihgluiudinaeanaridifydesdreemsiiazenn

as ar

i « = [ as da [ u‘j = o
ﬂE]'UﬂﬂTlJ?GL'ﬁlJE) WB?QJ’]BULUUEW?BUG\?WUMWﬂl’lﬂUW’NWNﬂ muummﬂ‘umUmmwmima

wazldadrignepumingan Javsivszlovinoistazdnuag19unasy

2.2 nszU2UNTsiwa-taa (Sol-Gel Process)

Segal (1989) lalwAumineuenssuiumslgaia s dunszuaunsilddnase

< P - i W = el & ¢ a '
sanlervasarseliunid lae“lea (sol)” nunefseuniavaanisiiluneanssinszansseg

Tureamnarathailiaiosnin @u“en (gel)” vuvbevesudsiillassadressaunlu 3 1@ uae
v « LR bl = a )

wnlumegnsu Tunszvaunisleananuiioouniaroaaeealy “loa” iianinedwelsiwdy

(polymerization) Hiuufiisenlelaslada (hydrolysis) wazUfjisenmiuuiu (condensation)

zldupudaniiswsuisenin “19a” FadluNuivesonssuiunisuwes [12] NSEUIunIg

A7) 1

[ '

lga-watauisoldirdesuiiaianmieg leunuialagardomatanisiaasuiinaly fleeig

A}

'
@ =

anvianusauiuusiauUame nszuumslearale A unn L waiadn nszay lave way
de (udu [13]  doftvenszurunisiwamanovilafigumalinuazusullaseasiald
vanvane ansouaEeuMAiatueseanlusiiduaseilaliivunseduunTuld Vi
Juagiuasaaiuild asiiuuds wee anneihnisveaes [14]  arsaesuiieuldly
nszvaunsleanasindumindanenledvedaveviendans Faamsadeuliogluguialy
hflu M(OR), ula M Aa Tanew3efalans R Ao alkyl eroup uar x \Ju valence state w84

Tavewianalanziu U§nselnesiuintuni

M(OR), + xH,O — M(OH), + xROH
ZM(OH)X i d Mng + tzO

<

uitulaiwanassleiinanufjisenil Aewsanesed ROH Nauisaszmeasnivla

]
LY =

ansassunfouldiuegrsunsvatsuinde arsswandanendleiau (alkoxysilane) ey
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o as |

da o . Y] 1 -
arsUsznaulglauniinuse Si-O-R 1oy -R Lﬂuwu“aaﬂa MI88149 LU tetraethyl orthosilicate
. =l 1 1 Id s A A

(SIOC,Hs ) 13unlastodn TEOS Juansiidmnwiiuannigallasninaiansoniununis
Aaufizenladieuariisagnlunszuiunislea-laavesarsuseinviiannsoldnsaniewua
P i aaa a - v a5 d o & o w a
WatssUfisemedwelsiwdunls udluszuuazdesdihddndudwmiunssuiumslslaslada

« l‘-‘} 1 Il./l v A 1 o aa v
wazerawauueanegoalietslumsaralsasn iy lunsruiunslea-laaiissujisenay

v o = v ' a f v V) < ] aaa

nsnazlananiilassairaduargleanadiuafidunssoniuiy vuennisisauiisen
v v o ' "o 1 At & w
mowarlalasiaiiusanivevitvunlvgedsenitveynianiadniu [15]  UAsen
lelnsladauaznismivwidulunssuiunisleanavesanssanendloauasula  degun 2.2
e v oas P o v a W feit vy an . o o u
dielidarendloauluasaiu wdadunildfeddni (S0, ) (GUN 23) i laseain

adtugu (amorphous) Wagilswiu (porous)

OR OH

RO—78 —OR~ A AR 573 S\ I3 =QCH \\4ROH

OR OH

(l)H (lJH OH OH
HO—SE—=POH ™+ HO“—SIi O > HO Si—O—S|i—OH + H,0

| |

OH OH OH OH

5UN 2.2 nalnnsinuisenlalesladauavmuminvesaisUsenoudanendloau (16]

U

OH (I)H OH OH (|)H

HO_Sli_O—Sli—OH - HWﬁi—ORHHO_Si_O_Si_UH

OH OH OH 0 OH

HO _Sli —OH
OH

JUN 2.3 laeasne®an (S0, ) wldnlalasladauazmuiuuvesarsusenaudanan-

Bl [16]
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a ﬂ‘; o - v 1 ] 1%
Tunszuumsudaisannanneiidu Sol waz Gel iaidhgnszuiunsiliuda
wlandndugigunuusneg gy fiber, aerogel, xerogel, powder Way coating film Aauang

‘J ol - il o d 1
lugu 2.4 Duingavdwivgnamnasudueg sely

hﬂwmﬂﬂg‘ aging/drying >

M/ . S—
/nntﬂbor / fiber
> 2 Lh.[
drawing . ﬁf\ powder
out|  @xtruding ‘fb’

alkoxide slow sinteni
pmur-on7"| ""-"’l_-_’_ama-

water sol gel dense

xerogel
ceramic
N A\

d = o !
JUN 2.4 wandusizuuuusngnnseuIunisiea-aa [16]

mahwelulaglea-wauldusslavdaunsainlavalsguuuuigu weasiden Wdy
U Ldule uasTanfou FuluansassudmSundastueiaigg 1y ufadan avsedeutetu
- | v 2T E I e & ¢
AITANNIDU NITALYIBULES WAENISIMEARMEITE9UN Wuny weluladlsa-taszdulselovy
ati'mEq‘l,un'ﬁwﬁmmw‘%ai’aqﬁamﬁﬁmmxﬁw%aﬁmmsmmu‘%qw%qa VI auduANISHARATT
wiodagnaununisliuivieniweinsssauvianiginuasilegiiaduingiiv ndnsueinle
mnnixmumi‘[qja—L*-ua%ﬁmmﬁqw%quﬁmmnL'fJumiLm‘%wmw%’aiaﬁﬂuizﬁuimaqa
] v o e ) d' 1 v @ [ 'l
ilannsofimusant@sge idesnsiiieiululsslenisegaamnssunatsyszian
wu gaamnssuall alulagwd 1y gaamnssusosud wazanamnssuesiin udu
nsuivaluladles-laaulduseloaludsgnamnssy Sinesdnuilusivavideaiieniu
anmemranlumanseuuazdnvusyseautivetasvisTaniinesnis delanuuanming
a " a ar '3 1 =1 v Qo al oW 1 i a =Y L3
Mluurazadnnue adralsimuwuldunisvineluladsnanunlduseloyllud g

= a v - < = a o o yuwva a v
tauduldlage Wesnnnsruiumslea-eadumaluladnswdnivinldigumnivies

'
s =

anunsovilassusszAuio s fURnsaudeseiugnaIvnssy SiaunInausInauANfioInIs

v a ) ' a w £ w o <
v9aUslnAlAase Mednkdndmsiuiannszuiunisiea-a fuandluguil 2.5



16

s )

:I - kL
JUR 2.5 fhagrandndusiumainnssuiunislea-laa [16]

2.3 BanNNISN9IUVDATD9ELNY (Scanner) [17]

< P L | - < a da v o <
\Ww3sauNU Ar UnsalRaltaNABNN MBS HUUNT WA Adntnlun1swasuudas
v W i v v vd v - v a 3
mwiuaty (jUdne, Mdnwsuumiinseay, mwne) Wiludeya ivelireuiamasannsa
o w o { v « o v e 9 v Pl A
urdeyaminariunlovselovidluniseannanniive ialiawrsoudluanusaiudy
wardaiiudoyald lnef1inaunu (scan) nutefia n3100579, NSO IMNATDIAUAUNTD

) s

- ° 1] s ~ o w o |
maan‘s'\m-mwazmmwsnaawauua'tuanwmxmanm wWsannlagseaanunazaiu
-
2.3.1 UszLanva4atasaadaitnuy

2.3.1.1 Desktop scanner fanwauzituuwvuluuwisu wiadu 2 wuu
1. wuuldnszay ualdounszmwioasunia sheet fed scanner

2. WUUINNTEAY LLé’fJ'lﬁﬁ'JaLLnuLﬁaudwuﬁayamﬂﬂssmw \SuNI

Flatbed scanner

\A30IAUWNUNIN Desktop scanner Asuanslugui 2.6

sheet fed scanner[18] flatbed Scanner [19]

4 .
3UN 2.6 LADIALNULUU Desktop scanner

Y



17

= L u 4
2.3.1.2 Handy scanner finwadinannsoduiiold dauanslugui 2.7

o
un 2.7 LA BYELALLUY Handy scanner [20]

iw3nsawny Sudnmsiaude wissdunmazyniseunmlasendens
avvipunIonisdesinuzatuasiunmsuatuiruuamislusswasliannsenuiunouees
gunsaflaua (photosensitive)  #aildeluniamafiain Charge-Couple Device  (CCD)
i CCD vzfunasmananadluifuliluduidntesmaduaravulaspduuaitotunasigadidng

v =

Tnanodunduaiiuaiedng FaazuanaAelunudndiurassERunId YD ILAUaZ YR
Mudasdnnueurdoniiufda wie ADC : Analog to Digital Convertor azuUasnau
mwmhaf"fﬂE?'lﬁl.flu%’auua’l.uguquﬁ'ﬂauﬁaLma'iL‘il'”n'laa'LUL'aa’nﬁmﬁ'u lsunsulunisenu
wmuaunIsiuwsuaiess Al uteyaduasfaguuuuiduniidoyavesniw

Tuszvumaunmesnaly

2.3.2 AMNINNITELNY

awlursuiameswegluguuuuivia asuRamesunudiudnyg veann
f3und1 finwa (pixels) “vwinueslndzUnH A Uszneufesnuinwadufeoiduy
pauRmeIIETuinAIMINLaTA AvoMinwalsazinwamediuiu 1 Un wievaiys
Un Sruauvesineaazdufudnstiniuaziden tarfiduruiasefineauin dAld
Aazannaalymeguuuunisiiudeyaiivarsszuu iy 1 9n 8 Tn way 24 U0 Teedudu
Teyauvu 1 Un wlddmiuivloyasefinea 2 anuz Ao 1 was 0 Fsazuansdldianzen
fud uadudu 8 On zldmuunnsrvesdie 256 sefu mssmwidivmaiandenii
dithering vazuansdlalidmiloutu muaseiismeadiuld dwsuszuu 24 O sl i
dlndiAsaaianniign 3undn photo-realistic Tasazuts 24 a1y 3 du Ao ume 1Ten

|- ' a -~ ) ' v s [ oM ver I
UIRY d2uar 8 TR WosIuN 3 @UNNULAY 92aU5auandlany 16.7 a1ud



18

o o
2.3.3 NMINNIUVDILAIDIELLNY

1 A o as d < 1 o = H’I' (] L4 HI
druusznoundAgvesaTodauny Asurasiilauasdsasimiiianeuas
< = 1 & = s | v v ad A4 dgqv a
Winsgmwineeguunsyan wundunindUassgiglinisasieureuasitu Weddlviazes
° ¢ Y 4 Y ! Y T - | Y 9
aunuyvinu wewmeirtuinfouiawnurulinszay lusewinaiadeunidmaunuazdu
= v | & A o & da o -
waagvounMnuAasiuiveInseny Faiundozdvuinuszain 1/90,000 m1519in
v 1 - ° v o n‘j - P v
wasInnIzATwIzazveuruszuunszanievi iawasiulaluluiiansimunzanluds
¢ ¢ - ' o v Yo v -
waud audazssiuuanieluiulalenuas iveuvastoyauasilogluguvanssualui 6
i | a =y v = < = =
wasruluilaleasnusuiuvasnsrualwiiildfozainiu dnduiniosaunuiwuudueadn
v & 1 o a ¢ = 4 8 oa & 0w o v =1
agvioulaviuludlameiung Wer visthduieguinlalen ADC znudayasuiden
wiazduily Yadeyaudazdiuilizonin finwa Jelumueruietnazdsenouseiniya

- < < o s T da o
Uszanad 300 - 1,200 wintea n1sAdounURIATasaLALUINUSEIMAINSEAwlilARoundan

o

d' aa @ i P ] V| oA o = v
LAGBUNAD UITLNU LLG\IULﬂi@\iaLLﬂUiﬁmUaﬂWqa"iu‘ﬂgllll,ﬂaau‘ﬂ‘ﬂﬁll ']“1!1.!ﬂ'33ﬂ']1ﬂ‘ﬂ11ﬂ

YV and e qw | = & '
Gnﬂ')ﬁum'ﬂ:ﬁF‘]mﬂqu‘lﬁ%ﬂlﬂﬂqjLﬂEBQﬁLLﬂULLUUUQQﬂ']"l

2.4 52UUd (Color System) [21]

¥ v £
ko L N | 1 & & W A o

syuvdiildogludagiuliegvaresuumentu Matszduegnuntsdiluly wilneialy

Y

waMNITVUAIiuWIAnIALIUAD Nisuvuaadnisganagnisluaa 3 96 lasaziiunu

9 v

[
] s -

g19gd s vInduuluala Jauwsasinuasiianududaseaaiu dregravuluszuu RGB 9y

Al

i =l =l = g - I <4 [ 1 = = l:{ (=]
funudde unudues We wanidu Tussuy HSV asiiunuidu fd (hue) Auu3ansuesd

(saturation) waxAINLEIS (value)

lagunfudassuvd wieszuumsunuadnltlusunsiinaeufames ning Aldiu

[
s

nalUusenaulunie 4 szuudniunu Ae RGB, CMYK, HSV uay Lab lasusazssuvdiu

v

AUV AP NATINURIT

2.4.1 52UUd RGB

= o = o a w i | YA
F¢uUud RGB LU“LJSS‘UUH‘UENLLEN FIUNAVINATTANLAYDILAINTULLILNIUTTY

a ad a | aw =t o a = v oA &
wiiiawaudniFendn @31 (Spectrum) Fawendnufiasaueaiuld 7 & Ao uns wan wdea

s

Wy Yy AU 1739 %uﬂuwﬁ'aamagﬂugﬂ‘uamﬁ fidld79RauNA18AIAILITONDILTAY

9 ' = a o < o oo < ' a = ' @
1@] Llﬁﬁauqquﬂﬁquﬂﬂaua\TWQW AFULFINUAIUOTINILEIFUIILIENIN @aﬁiqlqial,a@‘]

Y
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) o a = ad 4 & 4 - P | a a '
(Ultra  Violet) WwazAaULEIALAINAINDAAUAINAR ARULAINAINILAIALANITENI

Al
[

a - o a = | o " - o \
dunssn (Infrared)  Aiukasfindmdgendiasuazinidnaaty aomveauywelsl

=l =l A =l

v v a e v - a N = o
a503uld wazillefnwguauasdiavuniinoinuasd 3 @ Ae duns AUty uavdiden Ty
[¥) 1 =J 1 s A -] s o v a 1 = v -
dnduanutuduiiuand 19ty Wednwauiuiliiiadaeg vurersuiumeslaunga

[ o o v oa v ad o a da & as =1
16.7 aud slnalAvsrvaneuanueaiulalaeund uazgandvisaudsiuduasznaraduden
a - - &0 i s y o - & ao d =
HUNTYNATHANFUVUTIMUY “Additive” wIaniskaudLuuuln Fudunisuaudsun 1 vse

011181 Red Green Blue unanATiay 2 & Aaeviiindlug 1wy

Blue + Green = Cyan
Red 4+ Blue = Magenta
Red + Green = Yellow

waed RGB  dfnaxgnlddmiunisdetainaiivussiiiuazenoufiames
Heasannnisivnidauasduns A7 wavduidu vilfdgadnaniieuiiuase szuud RGB

LLam’lug‘Uﬁ 2.8

§1Jﬁ 2.8 LanisEuua RGB [22]

2.4.2 52UUd CMYK

[ ady v d‘ = & at' v :ldv = - o
WuszuudnliuiaTasiu Jauseneudednugiu Ae @1 (Cyan), #uaa
uAe (Magenta), #nand (Yellow) uazillaundns 3 dunauiussiindilu 31 (Black) wumay

Lishatinitiesnnuiinfiuidianulivians lneiSenmsnandva 3 d19dudn “Subtractive

.. |

Color” #senNswaNdLUvaUNaNNISIAAFVDISEULLRAe wilnduilsazgandudaindniluad

azvieundueanuuludnieg wu dhgandufihawdavvieusonundudunGu Jeduna
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[

v dag v -l s - d:‘l‘ = s -
lmwawawauaanuwwﬁluawanmmszuu RGB ﬂ’]iLﬂﬂEUIUiﬁUUﬁ%‘JﬂN‘ﬁWMﬂUﬂ'ﬁkﬂﬂ

#lusyuu RGB sruUd CMYK uansluguil 2.9

Magenta

Yellow

gﬂﬁ 2.9 LanISEUUA CMYK [23]

2.4.3 s2uud HSV

Juszuudnugulunisuoanudmeaonvewywel Ussnaumednungo
d 3 dnvne Ao
= d v s L s o v
- Hue fig @119 Nazvisussnivnipgdnundmivens iliisiawise

< =

upaiuingiludeneg 10 Geudazdazuandrsiumuninuenvesrdunasiiinnsgnuing

LararyipuNaunAIraus1 Hue gnialagsumienisuansduy Standard Color Wheel

1
bt v oa

FINNUNUAILDIATIALE 0 09 360 89A Faarnsaunulvedluglvesesmlaniife

Y

Auad = 0 99A Al nvinAu 120 29A ARUWIRY 240 99fn

- Saturation A® AINNANVDIE lALAIAIILARYDIFVLISUT 0 B9 100 &1
ATMUA Saturation 71 0 @vzdANANLRY LAGIAMUAN 100 A=A uaANIN dgninlag
AUV Standard Color Wheel f1 Saturation astintiuainyannarssuiadureu lny

' ]
alaa w W =

AduraUILliaNdnuLaydudIfian

- Value AB S¥AUMNNEINLAYAINNIINYDE TasAIAIINETI e EasiSud

o

=5 v o =i' 1 v J [ = o [ o d' = - 1
09 100 97NKUAY 0 AUAINITUBETIRZLUUAAT WROTNIAUAT 100 @¢UAIINEINININ

gniadlAn Value unagyinldtuainanniy

=b

SYUUA HSV Ltam'[.ugﬂ'?i 2.10
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gﬂ‘fn‘ 2.10 LANISYUUA HSV [24]

2.4.4 52Uy LAB [24]

v
1=l ] =

= < . .
FYUUALUU Lab L{‘Jumawgﬂmwumwiﬂu CIE (Commission Internationale
g - v - a
d’ Eclarirage) Walviiliudumsgiunarswesnisindyngluuy pseunguvndly RGB way
CMYK warlslafudniinangunsainednlianzilusansuinnes 1asesiiun 1A3osauny

wazdue dalsznavvesivundiliun

L %38 Luminance Wunisfmunasuainadssimdaus 0 81 100 d1ivun
7 0 aenareduds uadiivuad 100 sznaneliudyn

AdusvesdnlasindidusluEun

B HuArvesdiilaandin@duludndes

S¥UUA LAB LLam'lugﬂﬁ 311

® 71 L= 100 (Lightness)

R W —=e #1 b Mididufsdmang
01 a AP0 IINIEURD &

“——e @1 L= 0 (Lightness)

gﬂﬁ 2.11 wa@mIsEUUA LAB [25]
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2.5 n15UszalananIn (Image Processing) [26]

n1sUszNlanan Iy (Image  Processing)  MuN8Da N15UINININUITEANANANIDAN

ATUIUAILADURIADS Lwa'l,ﬁlmauawmmaamsmiumﬂmmwua CAIRR U Tﬂ&lmumau

] v

ﬁi’lﬂ‘] Nd1ALy Ao mwﬂwmwumwmwmmnw ﬂ’liﬂ?ﬂﬂamCy"lﬂﬁ‘Uﬂ?UB@ﬂ%’]ﬂﬂ’]W

1 ] @’ = - ) s o a € kel a =
ﬂ’ﬁLLUQﬂ'JU‘U?N'mQY]HUI‘UBE]H&I’]"N NN LWBUWI‘I’IW'}@QﬂlmU?Lﬂi’l3‘1/11/1']’11‘81J“E}L’NU511'1€U

o W

Wy vun 3UT9 LLazﬁﬂmamsmﬁaummi’mqlumw INUUUIMBYALTIUT UL EaT

U

lUAmsest wazadiraduszuu Welduszlovdlunusuaieg wilsludunsuueinisuseana

NANNAD NMSUSYINANAAYRIN WY 1AL LYsEuva (Color Model) Tunsuszunananin

o

P a = v o |
Warangaudunnal nmMsussulananIniy %EJEJ'IUEU‘UBQm’iﬂ‘isu’lawﬁac‘umﬁm

L 7]

awnden (analog) Inaldgunsaluduusisuas (optics) FSmarunlulameanugsy wiaidnly

o  w o

W Fafildiludrudady dmiunisuszenaldiuuiied s iwu ealansail (holography)

@

A ¢ a ¢ @ &
LLmLuﬂﬂ'ﬂﬁﬂaﬂﬂimﬂaN‘W?Lmﬁ]iiu{]ﬂf\]UU 'iqﬂ’lﬂﬂﬁ\i LLﬁSL%?”UUﬂJ'\ﬂ n1suszulananIw

a

A3vta (digital - image ~ processing) - Felsisuanufienunndd msignisuszulananvinle
Fudoutu wluh wazdoluntsasioujuR sndnagnishnnaasudiudesadda
WUTTUUATIVNTEAIWAINOU  srUUnTIaduluvtlunaosdidvia szuveiuvisiam

s a o as O = L
SEUUATINIUAMU AR Ul WonsInwIANNYasnny Wusau

2.6 yavadaun1AdUILN (On-site monitoring test kit) [27]

lneniluisnuszasanelddmiunisneaau viani1siasignansilaluninauiy

val o

aFjwadwuazﬂmL%’:e‘l"m%’Utﬂwmm'ie?'lsqﬁﬁa'lumﬂamu YANAFDUATN1AAUINDE 1Y

2/

fireq Mdudedde ldlunisnaasvarsadiesinsiluninauiy slwls

wa

Jafesdiauy
NANAABUYIUN LHDNISNAABUAIDENIIIUIUNNN s lraunsanaaauluan1izase Weewn
nsvadsuinluiesfuinisdndusesfinisiiviiesauarifinaisnida (Preservative)

muaudnduishilinimeaouan1izads gaveasun pauuedsdwaulngiidedode

3
1 s

A lgdmiunisAnnsos (screening) IqﬁﬁLﬁﬂqﬁaaa'wwlumumawmmnua v udou

fiaaugndesusdudidosninisluiesujudinis warldaunsaldnisnaasudisesns

a

AMULNUGE LnIzgavadauansavinlalisaiiasieidayaldanmniw (Qualitative

analysis) uadsmluuinnssulud Ao nswanlmhluldeuldde drluldlunaauuls
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v
s

a o = a 1 a g as s = € a

FanWaulude nisdnAulseivgnszatwnnasududuuinnssy dnsldsionud Usunw
anaaazansainasludssunalauiugn uwazaunsodnusuaansluszauauns ppm
(Part  Per Million) dulududiu lnsundudrganeasulunipauiulidaiunsotiun

TaseludsuSunula (Quantitative analysis)

av A d v
2.7 9UENNYAVDY

aw o d ar
2.7.1 Uil tainunisasravasunanlan

Usene otiud) way Svdl 1af (28] leAnwideviimsesieinidsunm
wWosinadledlundnfaeidmivdanuiiinisduiiegnsnnfufuazsisassnauiniely
WwageWlas FMIAE1U1 NISATITABUBIAENENN1320IUJATHINTAIVLUNTENIN
wosinadledfionsadaininduduiigumgil 100 ssmiealdea villiiudewduasseney
Aluuiffhady fdnnsganfulasgigaiaiugniaay 578 wiluwns 991NNsiATIew
AR 31U 6 Mg ananvUTinuwenadladeglugie 5-20 Lilasniuseiadans
vamlofinadled Tendesuumnasgwduinsinduiesay 0017 (h=11) dleldarsazane
WINIFIUWBTINAALER ATty 3 lulpsnsunedndans Ta9nnaveInIsitATIEivifY
0.08 lulasniusiadaddng dnsvaseulszdnsnIneesisiasieinuiniiA1seayueins

NAUAUYBINBSUIEALEMYINTU 100

suAneImansnisunnd [29] lenaayanaasurasunauluomsiiazain
ndmensassmelugavadausinaadiznaumeaisiidmivnisneasy 3 e
wagvaoadmivliussratmaiintems Tasyaiiedi 1 ldunansazarsidalonsdu-
lelasaanlsd yntinendt 2 Wun arsazaslmmaidouanesledolumosisnuazihegnis
iur asararensalelnsnaoindudu dsilinisasanudusiluganaaoy denis
voaeudananduiinsiie seAumgaiiasonsialdde 0.5 dadniudedlaniu Tas
NININBIAIAASNITUNNOLITIEIUNENITATIVFDUB NS LURAIAAAVDINTUNHUNIUAT
$1uru 48 Free wuweiunAuludinTiih S1uau 3 fedw @nmsdy Swau 4 fete)

Tuvaminnsauntaluiunnguiu 2 foeid (INNTFUTIWIU 672881)

British Standard DD CEN/TS 13130-23 [30] 1Juwisiimsesiusuna
NoSUNARLEANULNTNNARN N E1955TNVIRLAreNdLATIEinelAdN1IENAdDY migration

d o s s 1 v .o‘ ar A 5 d‘ =
nimueana formaldehyde nfetesneiineldantignnasy migration Mguuad
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40 asmwaidea \Juna 24 §lue Teefivesindledluviiisenivesifaosalauld
- ° a o = o
dimethyl pyridine 11lU3LAT1896781A509 spectrophotometer NANENIAAN 413 nm

TUTunaiisuiunainnsgu

|4 Ls o o -:: 9 ar
A. N. Ramdzan uazawme [31] laiauegunsnl pPAD NWmunTudmiunis

= s

v w ¢ o o i 5 o ' v a o | a
ﬂi')ﬂ’lﬂﬂﬁﬂlﬂﬂﬂﬂ'ﬂu@lu 98U UIAY ‘UﬂuuaqﬂﬂalﬁLﬂﬂﬂ?WULﬂElﬂﬁaﬂ']'ilaﬂﬂiiﬂugléﬂ

La o VoA aaa o
D&?%Blﬂl‘aaﬂﬂgﬂ‘imw*‘ﬂ

o

uagiunsiindseninedadlan, 3-methyl-2-benzothiazolinone

£ as

hydrazone (MBTH) wag iron(l) awvilyiAadundndaeidiniuees formazan dye
wonanil uPAD 1FSunisesnuuviuuandansinsyae 2 Judousiuiy wazyinnislduiln
FuRuuy wax Usu uPAD TﬁﬂﬁauﬁiﬁmauﬁwmugﬂLmuﬁaammulﬁ' wavigosinlu 2 4u
wis1ziisedenldd 2 Suneu neldantasiimyauves LPAD uanwnalngtaanIm
Judunsseglugie 20.4-114.0 lulasluans ATasafainsaanuiniu 6.1 Tulasluaans

uaZAN %RSD WA 12.7% (n=5) annsaiiuinw pPAD fisuuvaiidindt 20 aswwadoa

191 41 M

O.Bunkoed warAny [32) I0ViIn sARIUI LT aSA I MsUNISATI AN
USunauvesuiadlanluainid laudanisnisiaa-lalunsauiuiioluaildlunisnsiadn

o =

wosunadles BsrnedideidenldtionunidusrdfaosAlauderuiisofunesadled
wliindnAusidmiosdnihninsinldlanss lngldisawnlnsumilifenssouietn
ABUMTIATIEN TINNANTTNARRINUIITATIAATBINITATINNUWIAY 0.03 ppmv Tk
Adudaninudutugagaiisnsaulagosdniseunifelan wazlumedrsonianyd

WA TgLUULIATTINAURNSIVIIALY 6.3% WAz 4.6% VIANTNTY 0.2 way 1

ppmMv ATUAINU

P.Wahed wazAmy [33] lavinnsAnwrisnisimsisvivesunalaniueimis
wazawmsdninaaialasniniMivainuiigs (HPLO) TAEMan I s ImuIs ANz
A3I9A0UAIINYNABITBIEIAsI TNN M ImarmuRugInuI Bl I uIE i audnve
vaitinssiinlaeRnsannaniudunse  ermdiss  Aruuaiugr  anusne
191829 UAYAIIUAINY ‘3%"3Lﬂiw:ﬁﬁawmmﬂszqnm"l%’ﬁ’uﬁaasmmmsﬁﬁmmwmnwa']sflﬁ'f

ptaliuszdnSnmiiisuliniuisendawnsgiu
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L3 '

i . v aa - adca a
S.T. Girousi wazame [34] lawaueds fluorometry Fuduisimsievindre

HAuhkazdlmNuTNILI1EWENSUNTR IV ANDTUIAR LERLUAIDEIIUT @UISORTIIN

s 01!14

" ‘ d " " o y
Uunalnesmailioanasauyideladenld 3,4-diaminoanisole luansaratsioniuea-un

Tuanmeiaduasgeasawuidugeiauduiamemgossasusluagivasdusznoy

Poal o as

Tudavinazatsuazarsuniuaugluiasnisias1zninua1TA91AAT0INITATITNULNIAY

- [ v g

0.6 lulasnSusiedns ArfoavAunduiniu 93% uardanlssuunnsgruduimsinny

6.05% NANUINTY 10 TlAsnsudadng

S.  Teerasong — wazAmy [35) laWmuiszuunas ivaiuizaudimiu
nsnsiadnuvemesuiadlaauuilauluaims laeo denugIureaufisen hantzsch

o o w ) i v Pe
waznelaanneimuizanivnsiduidunsafanududy 10-100 - lalasluans 1ol

= o a a a

ANTAIINAVDINITASIINULAZAITAIINAUDINNTASIDIATIUTINUYINAU 0.06 way 0.10

s

a a I a [y o w o - a ¢ A a & & pt A w &
fiadnsudenlanit mudiau lauseandszuuinnmeiiiednszinasunaslenlundnsiue

PNV 1N LaziAn

K. 'P. Shrivastaw and S. Singh [36] Y1n1sAmUIIsATIInIUININ

'3 o a %3 a v o a o a ° aan 1
Wosuadladluaistann lngauelaniadiudweuniedlasiiaannisviufisesewing
ansvesunanlaanuidalens i@y  Inunawedlwesnlselus uwararaslswasuniliuniuea

Usnged Falauatosmngs IRudiwe wavinnnbilunisiesig

of } 7 a 2

2.7.2 "UARANITBINUN1585199UNSAINTIIATITHUUNSEAY

U32550 Tuuds uavame (27] ladAnwiuasiauinisldgaveasuiuuyn
vunsEAY Msiadsuanstoudldasazaslva-wademedioudivinzay Ussnoude
wunfilduu-3ifie wardudimnasieslalasuuuani damnlossuluiniufisensu
a1sazatsuuiiaueaslsduiniiune lanznounulSsudama Yrdiuvesansazaisnas
anaznauLdrlUnsauunIIalIuRuuNTEATY LU BuAaslsATinAnasiufAsedu
wunfiiFeudaiouazueilelasuuvani a1sdsdouiildfounniidonueilolasunuand
FohlkiAansasuntasd aududuvesdamaiivihnsnaasude 50, 100, 250 uay 500

ppm AsIREBUANULNEMBIATERNY leinswuinsgIudauduiusiBadunsaniuauns
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@ o

y = 0.0541x + 18.809 fimduuszandnisdindula (r2) Wiy 0.9938 irr¥asaznsAundu
aglutae 89 - 145 %

NOAENT ATVaY Uavany [37] ladnyikasWaNYANAZaULUUAVUNTEATY

o s

dmsunsileneilulasy Tnenswiougesialuauunseauagisiea-1aa lddavihiailud
Juioud deveaasazarsumnssiululasviasuugeiienud lulnsiasiujasendu
Fawflanlurldansusenau Diazonium Faagviujisoveruuuniiaefiaulnoziulalelas-
aaalsn (NED) ladsuwvesansusenau Azo dye wealwa-laidedavhiailudluuiuims
10.00 lulasansasvunseasnsas weldidugadiotaud vinsinsedlulasvilaeves
asararsunsgululnsivisansaraissiegaUiunes 5.00 lulasdns uazaisazaty NED
(0.0039 M) U3ums 3.00 lulasdns asuuasdiaud nswamsgiuiladamiududunss

Tudae 210 mg-V/L auamms ED = 14.53[NO; 1 + 8.160 Tnsidamanvoinisnsiain

'
0o w o

(LOD) wazliadnnanigausen1sanasizn (LOQ) Wiy 1.66  wax 555 mg-N/L iudidu

L

wan1sn1saas1zimrlulasvlusiedisdngidu Knnansfawazdnazdy wuindlulasv

1 s o s QE!EJ s ; ﬂy Y1 a &y s
WNnu 1.66, 041  wag 161  mg-N/L aiuainy WU UL RAIIATIERAUNSU

(%recovery) 9glunid 100.34 - 105.22% uazA1 %RSD oglute 0.55 - 0.93%

duin 2355 [38)] laWamiganage uuEN sEATMEIMSUTATIZRMIUTIM
wianlagvinnisiiveelniuunlnsiulludiunanluarsagatslea-iaa 1olulastiunnen
msaxmaf‘f USums  10.00 laulasdnsasuunsyaiungas ﬁmuﬁuﬂi:ﬁﬂwﬂsaaLﬂugﬂwnan
AusesaUTesdsaratslea-wa WWidunsvanwnnaey annefivansaudviunisvaaay
USUnanAeviIn1siauNunsEA 1 unAdauluaNsaranundlssnIna@saranuiman
fuansazanslensongnar-Tulalasraslsdfiviu pH du 4.5 YSinesludis 0.10 - 0.40
28805 Wunan 15 uissiaansBedeussuinavan () nusslniluuulnsdwduddu
UUNTLATENAADUY ﬁﬁlﬂmmugﬂﬁﬁwLﬂ‘%ﬁ)dmmu FapauazBuslunsaunuwinfy 600
qmbﬁamiwﬁa UAYAIMNATIVDINADA IWLYINAY -50 ATUINUIAIAIULANATNATILLTULEY
#olusunsy Image J™ nszanwvadeuianisansavinaudiduvesasararewmanld

D958AU 0.20 UaaNSUADARS

Juans ludnes wasany [39] WANWILALIALITANAGRULUUIAVUNTYATY
dmdunisiimseimyiuiuvedinlelvsnualude weldlunisiasizvaipauiy
nsvegeuiildnszaunsenduduawmsy ldarsazarvlea-taaioméan () Aadudu

Sowar 020 (w/v) - \ugasiewaud lnaneaasuunizaiunsed Ysues 10 lulasdns
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Qv v = L4 o a v k24 (3 2
MalY 30w wanhnsueansaluaInANUYNTE 0.50 Tua1s aumeasaraIvuInIgIu
nlalegnunvieansavaieiiegns Usiasegsay 10.00 lulasing asuugesioaun Malilw
v Lo = v o a a v 1 a v
Wia 20wt Tufinamgedduuaniiinainansilisdousenitavén (1) dulvlaleaniundie
al s o o £ 74 ] 1 1
nsosaunulalusinsu Image J™ JALATUUNNAIMAIULTULAY RGB AUIMAIAIIULANGATY
v v a A\lvd I v ] a a o
ATIINLAAIEANNTYAEA NTINIIRTTINRlAEANTuEURsIagluYIs 10 - 100 Hadniy
- | v W ew [ o w o w
dedng faAndsavuinasgiuduivsdesndt 8.01% TadNATBINIATIINULAETATINAVDY
MINTIVTBIUTIINAY 4.85 war 1526 §adniufadns @ ua1siu n133ATIEAM
Ysunwlnlelggunludiedradonanludivudaauarlogisoldrfosasfunduay

T4 53.96 - 62.14% way 92.92 - 106.26% AUAIRY

ASamadi uazamy [40] WWAnwanslddanilea-1aa a1nmsnzeaniiond-
loiaw (TEOS) fidnwaiufiduuiey wiavvuiiuiaui nisiinlea-wa 7 pH wiaiu 3
Snsndrusgnirnitedalalesiu 4 do 1 Adulea-eaaiuisoldlunisnsraTanusum
wién (1) fanvannsolunisdunizgs duasnisldamu 5 - 115 ng/ml fTadaianisnsran
1.68 ng/mL fiAtdoaumanasgiu 3.5% Wway 1.27% d13U 10 uaz 90 ne/ml vas Fe (1)

arudiu lagldnarlunismevauesnisanisfe 120 Julfl tmdnvinungn3fag

o e [3

370 Fe (I Wi Fe (N lagldnsawaamadatiumisaad aintumiaimduduves Fe ()

AunalagNsauALDLILYRe Fe () 2an31NALINY UL AN LA

2.8 “ann1nsIIANasu1anlan

o s o

dnsulunuddetiinisimuinisiasiginiUsuiunesunadlanlneady

nsiinufiservesasarareilialansduivarsazarslnuna@euanssloeluwesisn

[
@ @

Faufiserasiiniu 2 Junaudll Tunsuusnatswesanlanvryinuisendvaisazane

v

Minduagliinuisendeiu

L3

Adalansauiliiandn A uNTuu N INTUNARA U

o

ansaratslnunaduuonazlyenlu-wesisn Radunindusiiiidvuny-une §an15inUuiisen

Yy

svviluanmznmiseassiiluaniiznse Auansfisenlusud 2.12

15

i
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H H
(e — (Oppsens )
QN—N—C*NN@ K[Fe(CN)gl QN_N C—N— @

o a aaa ' & - ¢ =t = -
JUN 2.12 msiinujiserseuninaesunadles Wialons @u wazlnunadouenaglaonlu-

Y

I3 P
IWBILIA 1‘1.!?1:‘1’1’33%??]14%61 [41]




o
unv 3

A5n15A T UIIUIY

3.1 d1siaiiuazaunsal
3.1.1 asiall

= al ol
AN5199 3.1 aseinlvlunisvaass

P . . ALY BvouazUszing
Yas151Adl gasad o
(%) HHAR
WsElanandluau Sigma Aldrich,
SiCsH,00q 98.0
(Tetraethoxysilane) Germany
Wilalansdu ACROS ORGANICS,
CeHsNHNH, 97.0
(phenylhydrazine) Belgium
Inunadsuenvelgeily
wasisn ()
Ks(Fe(CN),) 99.0 Carlo Erba, France
(Potassium
hexacyanoferrate (lll) )
nsmlalasnassn
HCL 37.0 Merck , Thailand
(Hydrochloric acid)
LENIUDA
C,HsOH 96.0 Carlo Erba, France
(ethanol)
Wasuanlan 37.0
HCHO Carlo Erba, France
(Formaldehyde) (w/v)
lonsugala AR/ACS - LOBAL
Na,S0, 98.0
(Sodium sulfite) Chemie, India
lgenlansonlon
NaOH 98.0 Rankem, India
(Sodium hydroxide)
9zdfanzdlau Sigma Aldrich,
CsHyO, 99.5
(Acetylacetone) Germany
worluitluuozTan AR/ACS - LOBAL
C,HNO, 98.0

(Ammonium acetate)

Chemie, India




=] ' .
A197199% 3.1 (A) a@seintulunisnnand
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P - - ANUTANS Ivauazuszina
GREURIGH GIEIGH Y -
(%) HNER
Inuwnadoulalasiaunnian
(Potassium hydrogen CgHsKO, 99.5 Carlo Erba, France
phthalate)
ASADEYHN
, _ CH,COOH 99.9 Carlo Erba, France
(Acetic acid)
nInganIIn
H,50, 95.0 Fisher, Finland
(Sulfuric acid)
Tnueanmau
CogH3004 95.0 Carlo Erba, France
(Thymolphthalein)
Fuaarmau
Cooh1204 98.0 Carlo Erba, France
(Phenolphthalein)
vsannlossy y -

(Deionized water)

Milli Q gradient

3.1.2 \30siiauazgunsnl

CPIAUSUIRS

—

- Ununes

. Uia, anena
. RDANEA

. Usm

. NITUBNA
- vIngUTIn

WYisLAIAUAIS

o 00 N O AW N

_ YOUANATT
10. NFZANUIHM

11. winIAuLIan

12. lulasUiUn qu Finnpipette vuna 1-10 lulAsans (Micropipette;

Finnpipette - Thermo scientific, USA)
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13. NSEAMWNTBUS 2 uA 125 aduns (Filter paper qualitative
Advantec - Toyo Roshi Kaaisha, Ltd., Japan)

14. \w3psdmaiion 4 fruvus (Analysis balance: CPA224S - Sartorius,
Canada)

15. 1A309nIuwivan wiauuvanau (Magnetic Stirrer - HARIKUL SCIENCE
CO.LTD.)

16. \A39aLNY (Cannon scan LIDE110, USA)

3.2 N5A58UATSAZAY

3.2.1 m'sm?ﬂnm'sazmummg']u

321t anTazateunnsgiunesuianleanl udutuyssuinu 1000

Iadnsusadns (Stock solution)

Uiaaisazarevasunadlas  (Paududusesay 37 wA) 0.25
Haddns ldasluriminUSuimsuun 100 dadans YSulsuiesaieiiusiaainiasou (Iulal

\fiu 1 fpw) d@ouiiiguauludu (Standardized) TeansagaleuInsgIunasuIanlenfail

1. Ywearsavatelgmsudalig (Aaumdudy 1.00  luaradns
Usuns) Usuns 50.00 daddns asluvinguvay weslnuoawmau 2 ven (Judidude-
W99) arsaratsazldsududny veanIeganasnA LWLty 0.010 luadpans 2-3 vem

uNsERIENI el

2. Usansazangunsgrunesiiantodnauiduty 1000 dadniu
Aodns (stock solution) Y3uws 10.00 Haddns ldasluvangurumiiu aglaasazaiediin
nduslnasnenensadaiain (Aundy 0.010 luadedng) udgagd (@draramely)

q

TuinUinnsveansadaiasniily Amuluanududurasasazatsunsgunesuiadlean

B = 0.6 x V1 x 1000
B V2

o B Ao mnunturssaisarateunnsgiunesuiantasdu dadnsusedns
V1 fAp Usinswesansaratvuinsgiunsadaiiinilolmvnsadu daddns

V2 fie USumsuesansaranuunsgiuresunanlonlu dadans
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3.2.1.2 gsavanpunsguneinaflen 100 Jadnsudedng

Uipansazansninsgiunesunantonauty 1065 fadniunadns
U3unms 2.30 fiaddns (Uiunesldannniseuindaedsiuaimududud standardized ud)
ldaslurininusinasaun 25 fiadans USuuinmsaetismnlensy fuinusunmg
d@nsazaneuInIgIu formaldehyde

= _ 100 mg/L x 25 mL
Jsuas (ml) = C g/l

P - [V ¢ av o« = VY]
Wwa C A ﬂ?qlﬂmuﬂuwBQﬁqiagaWUN1ﬂ5§1uwaiuqaﬂlamﬂqﬂﬂqiaaULwUUﬂ?jNLmNmu

(Standardization)
3.2.1.3 asarawunasgulesinantes dmsudmsvasiinawunnsgiu
L. dmivanndudulugaa 10 - 50 dadnsusiedns

Uinarsavareunesgiunasinaalaniuudy 100 Hadniy
moans Usua 2.50, 5.00, 7.50, 10.00 way 12.50 fadans mudwu adluviniausunns
YUIA 25 Jadans MnNuYsSUfgunYsIEIInlosauuisauanUsuins weliaisavane

wnsguvasunadlas ANy 10, 20, 30, 40, 50 HAGNIUADAAS

2. dmsuanuetulutig 1 - 10 Jadnsusades

Uipansararvunsgiuvesunadlandiudu 100 fadniuse
ans Usums 0.25, 0,50, 0.75, 1.00, 1.25, 1.50, 1.75, 2.00, 2.25 waz 2.50 Jadansnuainu
adluriatausunasuuae 25 fadaas Antuusuiieiussanleseusuddauonyiung
seldansaransnnsgiuesuanled fiarmitudu 1,2, 3,4, 5,6, 7, 8, 9 uax 10 fadniu

ABanNI

3.2.2 N15A38UILDLAUAN LY TUN5ItAs1EivDsu1an lan

3.2.2.1 @159YANUDLTRA0ETIAY

Fawauluduuasdian 0.75 n3u araresleulUsiAanlesoundild
aslurIIAUSEINSIRe 10 Uadans WuasdRansdlaulsuins 20.00 lulasansuazidunse
@ e v v =y =Y oo s D..’l - g = =i =Y [ } 5
pEIRNUNTUUSLIAS 0.20 Hadans vasnuuntIUsImnloasuIud@ausuinsiiul?

Tuvanden
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3.2.2.2 asavareRdalansidu (Anududu 0.69 M) (1)

Ywnansazarefdalens1®u YSums 0.070 faddns ldasluvindn
Ysumsaune 10 4ada0s Wdleniuaa 5.00 Jadans wadantuiuuiusiAnlosauauna

Iausuas hulilurande

3.2.2.3 arsazangWialens du (Auudu 0.69 luanedns) (2)

Yweasaranreidalans i@y YSuims 0.070 Hadans ldasluviadn
USunmsawnm 10 fad8ns udeannduusudsuinsaataniuaaaunslausuins iulilu

YINEUN

3224 @sazatelnuna@eniendelesluinesisa (mududu 0.30

luasodng)
Filwwnadomenaylselumedisn 1.00 n% avaredethusmain
looau ldatluaniauiumsiuin 10 fadans udntuduihvsmaainlessuauida

Usums inulaluuiadsn

3.2.2.5 a1sazatensalalaseansn (nuduty 0.10kanaans)
Tisasavarenselalasaansn 0.98 daaans ldaatluvaaniausuing

gum 100 Haaans Ysudsuiasemstiusiaannlasey Auliluuiauiade

3.3 nswseudIsazatlva-1aanilenivasiinasdlau

3.3.1 d1vazanelva-1aa
wspulpgUiamnszianandloau (TEOS) 2.00 Tadans aisavans
nsnlalasaasdnaAuitudu 0.10 luareans USunns 1.00 1ad8ns uwavieniusau3uing
2.00 fiaddns ldasludnineinarain Gedasanlunisnavansazatsie 2:1:2 Tnsusuns

a v

(%) n‘j v = v —
vasntuiumudunal 2 Yilueiigamnives

Y
3.3.2 a1sazatelwa-allonluasdnansdlnu

wisulneUunaisavatslea-laa @ldantds 3.3.1) USuans

1.00 fiadans warlUwmansaraivasdnaasdlouy (MlAnte 3.2.2.1 ) USwms 1.00 dadans
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ldaslutninedwanain Fedasdiulunisuauansazateie 1:1 lasuSuins nisenntuiy
muliuna 30 uwifigungiivies
3.4  Asespuda1sazatelwa-taadafledalansiduniulwwnaideuianas-

Toaluwasisn

wisulaaliumnmnszionandleiau (TEOS) 2.00 faddns, nsalalasAasdnAly
Wudu 0.10 Tuaredns Usums 1.00 fHaddns Aialonsidu @ldainde 3.22.2 ) Usums
1.00 §addmns, wazarsazarelnunalFouiengylgenlumesisnusuing 1.00 Jadans aslu
Jnnadnanain densrdulunisnanaisazaiofe 2:1:2 TnsUsuans wasandutiuniudy

=1 a‘ - v
1281 60 U VIYMUNNUNDY

= A = - "K=-% =l
3.5 Asmssuansazatelva-taanidanlandatansidu (1)

3.5.1 @15avatelea-1aa

wigulaaUiummnseevendlaiaw (TEOS) 2.00 Ladars aisazaianstolns-
AARANANNLLDIY 0.10 luameans Usuias 1.00 19adns  wagieniuoa USuins 2.00
fiadans asdludninainarasn Feonsidlulunisnanaisazatera - 2:1:2 lagdsuins

v LAY & o =l a v
wasnuutunluiia 2 9l Mgungivies

u

3.5.2 d1sazatelva-laianleWialansidu

wisulneiunansazaivlea-1aa (MAente 3.5.1) Usu1ms1.00 Taddns
wasthusansavarefialansidu (Aldands 3.2.2.2 ) Usuins 1.00 Jaddns adludnines
wanadn Feonsiarlunisuauasazatvde 1:1 TaeUSuias wasannuutiuniuduian 30

Wil Aigaungiivias

3.6 NIstspuaTIsazatelwa-Lvadanlenlalansdu (2)

wisulasUiUamnsyienendleau (TEOS) 2.00 fadans aisararunsalalasmanan

ANLTNTY 0.10 luamedns YSuims 1.00 1adans wardlsaralwfdalaasidu (Mlaain
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99 3.2.2.3 ) USu195 2.00 fiadans tdaslutninesnatadn d9onsidrulunisuauasazany

Ao 2:1:2 Teev3uns vasamivluniudunat 1 lusiigungiivies

u

aaa d ] of
27 ﬂ'l'iﬁﬂ‘hﬂl]{] ﬂ‘iEJ'WIL‘VIlI"]Sﬁﬁlﬂﬂﬂiﬂﬂqiﬁ%’]\iﬁﬂﬂﬂﬂaULLU‘Uﬂ'iSﬂ'\‘H

3.7.1 eldardfaasdlauduiioud
T lulasUageansavansla-laadeomesydfaasdlou (1nte 3.3.2)
U103 10.00 lulasans venasuunszaunsonved 2 wdanduiald 1 undl udaven
asaranensgIuaiuailedfiaududuiagg Yunns 10.00 lulasaas 7ieliluss
Uszanu 5 uivdeseluiituiingmaadseedssauny mnduihilduduiindiam
WHLAIRGB) Melusunsa Image J™  HAAIAIMUETUKENLATWIUAIAITUUANAIIAI LT

Wad (Euclidean distance; ED) 9an@un 15 NANARIERS A4

ED=J(AIR)2+(AIG)2+ (Alp)*

lng A Ao War1aveInasyn blank fudiAnsdunas o Jaiaufisend
AN TUATY Y

[ g AiD ATAULUUALAS

= oA

[ g AD ANAMMLTNET LN

o
= o

I A8 AATUDNEUNEY

13 '
o = =

wasdvazUsrnaumelasduny &de) uardiltu allA1AuduLaEan

0-

WinAU 255, 255, 255 (R, G, B) wazwasd@maziaianudundssnaaanu 0, 0, 0 (R, G, B)

1

3.7.2 WealtWialaas@unulnunaifumenelgon luwa fisaduSiaaud

wuuit 1 Deansasanslea-waldemeiiialonsduivaisazainunadom-
wneglgenluesise (e 3.4 ) Ysums 10.00 lulasans vemasuunsem unsaaas 2
MaNEURElY 1 undl udmeaansavatesnsgrunesanadlasanududusingg Usuins
10.00 lulasans wasialilfusaussana 5 unit wdesoliuste ﬁuﬁnmwaqmﬁﬁwm%‘mmmu
P lumaeaduuas (RGB) faelusunsa Image J™ udFINAIAIILLANANIAR1Y

WWHLAS (Euclidean distance; ED)
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Wil 2 YWeansavanslva-ealesefidalensidu @nde 3.5.2) Usung
10.00 lalAsans emasuunszunsonves 2 mnuiisly 1 unil udmeansaransnsgiy
wosinadledanududusineg Usines 10.00 lulasans wasiisliukeszana 5 und uéa
weaansararslnunadoneneglsolumeiisn Uiunms 10.00 lulasans ndsainiudis
nszanunseslilius Yuiinnmaeduunseanuvagauieiaiosauny Mntuirlumaiaiu
Wauuas (RGB) Aaelusunsy Image J™ UAIAIUINLAIAINLANANIAIINLTNIES (Euclidean

distance; ED)

3.8 NITANWIAIAUNITUEASLDLAUA

wuit 1 Jwedsararslga-waidemeiifalensdu @nde 3.5.2) Usuws 10.00
lulasans venaIunsEmunsatues 2 Intuisll 1 il wdmeeansazalonnisu
Woduadledanuidudusneg Usuams 10.00 lulasans wazialilvuressennn 5 wift uda
wenarsazansTnunadomeney lwonlumesisn Usuns 10.00 lilasams #isli8n 1 wadl
wdvntiuinsyamsnsedtildute Tufinnmyndvunsymenareudieiedesaunu 3ty
dnlumam Lt (RGB) arelusunsy Image J™  UAIATUIMAIAIINLANATIANMLTY

\as (Euclidean distance; ED)

wuuit 2 Uwmansazanslea-vaiidedeilialens @y (1ande 3.5.2) Ysuas 10.00
lulasans voaauunsEATunsasues 2 wntuiall 1w udmenaisazaisuinsgu
Wosinadledagdudusinag Usias 10.00 lulasans wasialiliuredssana 5 wiit udn
vesansazaelnuadsuoneleeluinadisn Yiinas 10.00 lalasans #1380 1 undi uas
voansalalasrasdnaiuidudu 1 Tuasedns Usuas 1000 lalasdns ndsminiuits
navaensastildui Sufinamenduunsyaendeumeieiatawny anduthlumeiaaiu
Wauaa (RGB) fmglusunsu Image 4™ UaIATUINAIAIINLANANAIIUIULLAY (Euclidean

distance; ED)

wuud 3 Ywmansararslea-aa (37nde 3.5.1) YSunas 10.00 lulasdns veaasuu
nszAENIERUed 2 31ntuiiall 1 wii uasneeaisazarefldalens@u@inde 3.2.2.3)
Usuas 10.00 lalasdns #eli8n 1 uii wdmesansaraoumsguasinadlosmiududy
e Usuas 10 lulasdns wasiielSliuisUssanas 5 unil sieanvenansavanelnunaidoy

wnoelveluwesisa  Usuias 1000 1ulasdns  waIndunansem1wnsaald b
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= = v o ] a 1 L4 v
TufinnIMRauuNIEABMAABUMIBIATEALNY INThnilumAAuduLas (RGB) Ay

lUsunsy Image J™ WADAIUINUAIANNLANANIAUILLLEAY (Euclidean distance; ED)

wuudl 4 Ywnarsavanelea-iea (310t 3.5.1) Usuaas 10.00 lulasdns wenaauy
nsEAENTENUDd 2 :ntuiield 1 unit uazwenansazansilialensidu (@ nde 3.2.2.3)
U3uas 10.00 lilasins Mel38n 1 uift wdmenansazansannsgiunesinadledaududy
fneq Usunns 10.00 lulasans wasiieliuszanas 5 wift deumesnasazansnunaideuien
avloonlumeiisn  Usuims 1000 lulpsdas #9801 unil uazveedasavaiense
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C1 018 PF: DEVELOPMENT OF SOL-GEL BASED PAPER TEST KIT FOR ANALYSIS OF
FORMALDEHYDE CONTAMINATION IN PICKLED SQUID

Sukanya Sirimak'*, Wiboon Praditweangkum'

'Department of Chemistry, Faculty of Science, King Mongkut's Institute of Technology Ladkrabang,
Bangkok 10520, Thailand

*e-mail: sukanya sirimak(@hotmail.com

Abstract: The sol-gel based paper test kit for determination of formaldehyde in pickled squid has been
developed. Phenylhydrazine is added as an ingredient in sol-gel solution. The sol-gel solution is prepared
by mixing tetraethoxysilane.4.0 mol L' hydrochloric acid solution and 0.069 mol L' phenylhydrazine in
ethanol with volume ratio of 2:1:2 (v/v). The reagent spot is prepared by dropping 10.0 uL of sol-gel
solution on filter paper and left for drying. To analyze for formaldehyde, the first step is started by
dropping 10.0 pL of standard or sample solution on reagent spot and left for 7 minutes for reaction
between formaldehyde and phenylhydrazine. Then the second step is followed up by dropping 5.0 uL of
0.030 mol L' potassium hexacyanoferrate(I11) solution and waiting no less than 30 minutes for oxidation
of intermediate to final product. After drying, the pink-red color of tested spot can be recorded by a
scanner. The Image J program is used to analyze the intensity of RGB light and the Euclidean Distance
can be calculated. For formaldehyde in concentration range of 1.0 - 10.0 mg L, the linear equation of
[ED] = 1.0041[HCHO] — 0.4007 and r* = 0.999 are obtained. The limit of detection (LOD) and limit of
quantitation (LOQ) are 0.40 and 1.34 mg L', respectively. Accuracy can be shown by recovery of
99 - 104% in pickled squid sample.

Introduction: Formaldehyde (HCHO) is a flammable, colorless reactive and readily polymerized gas at
normal room temperature and pressure, with a relative molecular mass of 30.03 g mol™" and a pungent
odor. Formaldehyde is soluble in water, ethanol and diethyl ether. Formaldehyde occurs naturally in
foods, and foods may be contaminated as a result of fumigation (e.g. of grain), cooking (as a combustion
product) and release from formaldehyde-resin-based tableware. Formaldehyde has been used as a
bacteriostatic agent in some foods, such as cheese. Fruits and vegetables typically contain 3-60 mg kg™,
milk and milk products about 1 mg kg™, meat and fish 6-20 mg kg'and squid 1.8 mg kg'.! However,
formaldehyde contamination is one of the most significant sources of foodborne diseases and the
consumption of formalin solution directly causes toxic symptoms, symptoms of abdominal pain,
vomiting, diarrhea, circulatory collapse and death. Therefore, it was classified in Group I “as
carcinogenic to humans™ by the International Agency for Research on Cancer (IARC).! In general the
various types of food, there will be natural formaldehyde, which the human body can eliminate by itself.
It is naturally degraded by the sun, oxygen and heat, but the formaldehyde used in food is currently a
crucial problem. Because local stores and markets often sell fruits, fish, and vegetables that have been
treated with formalin to keep them fresh. However, the use of formaldehyde can preserve food from
spoilage, but the excessive use of formalin causes residues in food and harmful to consumers. So,
Ministry of Public Health issued Act No. 151(B.E.2536) specified that the use of formalin in food is
prohibited.”? The most widely used methods for detection of formaldehyde are based on
spectrophotometry® and other methods, such as colorimetry®, fluorimetry®, high-performance liquid
chromatography® and gas chromatography’. However, most of these techniques have limitation in
requisite of expensive or sophisticated equipment. The microfluidic paper-based analytical device
(uPAD) for the determination of salivary aldehydes has also been also developed. This uPAD is based
on the color reaction between aldehyde, 3-methyl-2-benzothiazolinone hydrazone and iron(III) to form
an intense blue color formazan dye.® The qualitative analysis for formaldehyde can be examined by using
a test kit.”!"” The method is based on reaction of formaldehyde and phenylhydrazine to form an
intermediate that can be oxidized by potassium hexacyanoferrate(III) to form a product of pink-red color.
The mechanism of this reaction can be illustrated in Figure 1.
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Figure 1. Stoichiometric equations describing the formation of a pink-red colored product as a result of
the reactions between formaldehyde, phenylhydrazine and potassium hexacyanoferrate. "'

The sol-gel technology has recently attracted considerable attention for the development of the sensors.
Because simplicity and versatility. Sol-gel process is process a means of coating an unclad optical fiber
with a porous cladding, within which an analyte-sensitive reagent is entrapped. In this technique, under
appropriate process parameters the reagent cannot be leached out, but smaller analyte molecules can
permeate the interconnecting micro porous pores. The sol-gel produced thin films offer many advantages
over other immobilization techniques.'*"? Various sol-gel colorimetric sensors have been developed for
determination of nitrite', bismuth'® and copper(I1)!°. The colorimetric spot-test on paper for
determination of iron(II) using sol-gel doped with orthophenanthroline has been developed, and sol-gel
used to control the spacing of reaction zone has been also reported!”. The sol-gels with entrapped sensitive
and selective reagents for the determination of formaldehyde have also been reported. This method is
based on the adsorption of formaldehyde from the air and reaction with -diketones in a sol-gel matrix to
produce a yellow produet, lutidine'®.

This work aims to develop a sol-gel based paper test kit for determination of formaldehyde
contaminated in pickled squid samples. The method is based on the reaction between formaldehyde,
phenylhydrazine and potassium hexacyanoferrate(I1l), same as the reaction in qualitative analysis for
formaldehyde using a test kit.”!° The sol-gel process has been also cooperated in developed paper test kit
for entrapping reagent and pink-red colored product and limiting the reaction zone.

Methodology:

Reagent. All chemicals used were of analytical reagent grade. Formaldehyde stock solution
(1000 mg L—1) was prepared by appropriate diluting 37% (w/v) solution (Carlo Erba, France) and
standardization was also processed by titration with sulfuric acid solution19. Standard working solutions
were prepared daily by appropriate diluting of the stock solution in deionized water which was purified
with a Milli-Q system (Millipore, USA). The 0.069 mol L-1 phenylhydrazine solution was prepared by
diluting 0.070 mL of phenylhydrazine (C6HSNHNH2, ACROS ORGANICS, Belgium) in 10.0 mL of
ethanol (Carlo Erba, France). 0.030 mol L-1 Potassium hexacyanoferrate(III) solution was prepared by
dissolving 0.060 g of potassium hexacyanoferrate(I1I) (K3[Fe(CN)6], (Carlo Erba, France) in 10.0 mL
of deionized water. 4.0 M Hydrochloric acid solution was prepared by diluting 3.9 mL of concentrated
hydrochloric acid (HCI, Merck ., Thailand) in 10 mL of deionized water.

Preparation of sol-gel solution: Sol-gel solution was prepared by mixing tetraethoxysilane
(TEOS) (Sigmae Aldrich, Germany), 4.0 mol L hydrochloric acid solution and 0.069 mol L
phenylhydrazine solution in the volume by volume ratio of 2:1:2 (v/v). The mixture solution was then
magnetically stirred for 1 hour at room temperature.

Preparation of reagent spot on paper: The reagent spots can be prepared on filter paper by
dropping 10.0 uL of sol-gel solution on filter paper (Advantec No. 2, Japan) and waiting for drying.

Analysis for formaldehyde: The first step, 10.0 pL of formaldehyde working solution or sample
solution is applied on reagent spot and left for 7 minutes for reaction between formaldehyde and
phenylhydrazine. The second step, 5.0 uL of 0.030 mol L' potassium hexacyanoferrate(lll) is also
dropped on previous reagent spot and left for 60 minutes for reaction producing final produce and drying.
The pink-red color of tested spots can be recorded by a scanner (Canon™ Lide 210, Japan). The image
is interpreted from the center point as a circle of 80 (width) x 80 (height). The Image J program?’ (free
and open source software) is used to analyze the light intensity value of RGB (Red Green Blue) and the
measured color intensity value is calculated into Euclidean Distance value, defined as:

ED = J(Aly)" +(Al,)* +(Al,)
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Where A is difference value of light intensity at spot blank with light intensity value of spots
standard or sample

Sample preparation: The sample preparation was processed as described in test kit for formalin
in food.?! Pickled squid samples were collected by purchasing from Huatakae local market, Ladkrabang
Bangkok Thailand. The sample was cut into small pieces, accurately weighed (5.0 g) into a 25 mL beaker
and rinsed with 5.0 mL of deionized water. The rinsed-water is then poured into a beaker and tested for
formaldehyde.

Results and Discussion:

Optimization of the fabrication process: All reagents; 1.0 mL of 0.069 mol L' phenylhydrazine
in ethanol, 1.0 mL of 0.030 M potassium hexacyanoferrate(III) and 1 mL of 0.10 mol L' hydrochloric
acid were mixed together with 2.0 mL of TEOS for preparing sol-gel solution and dropped on paper as
the first fabrication of the reagent spot. The color of this reagent spot was light orange. 10.0 uL of 10 mg
L' formaldehyde standard solution was then applied on the reagent spot. The color of light orange still
appeared on tested spot instead of intending pink color of final product. This result can describe that the
first fabrication process was not appropriate for preparing of sol-gel based reagent spot. According to the
chemical reaction as shown in Figure 1, formaldehyde must be reacted at first with phenylhydrazine then
the intermediate product can be oxidized by potassium hexacyanoferrate(IlI) to form the final product of
pink-red color. The second fabrication was then developed by inducing of this mechanism. Potassium
hexacyanoferrate(I11) should be separated out of sol-gel solution to allow phenylhydrazine to react at first
with formaldehyde. Hydrochloric acid was still an ingredient in sol-gel solution to make acidic media for
hydrolysis and condensation of alkexide precursor. The sol-gel solution consisting of 2.0 mL of TEOS,
1.0 mL of 0.10 mol L' hydrochloric acid and 2.0 mL of 0.069 mol L' phenylhydrazine in ethanol and
was prepared and dropped on paper as the reagent spot. The color of reagent spot fabricated by the second
process was also light orange. Each 10.0 pL of formaldehyde standard solution and 0.030 mol I
potassium hexacyanoferrate(III) was then applied on the reagent spot, respectively. The color of tested
spot was yellow. The intending pink-red color of final product was still not appeared. The concentration
of hydrochloric acid was next considered. In test kit method for detecting formaldehyde®'’, conc.
hydrochloric acid was used without dilution. Each 10.0 uL of 0.50 mol L' hydrochloric acid was then
repeatedly applied on the previous tested spot of yellow color for testing the effect of hydrochloric acid.
The result was that the pink-red color could start to appear on tested spot. Increasing concentration of
hydrochloric acid in sol-gel solution ingredient was then considered.

Effect of hydrochloric acid concentration: The sol-gel solution consisting of 2.0 mL of TEOS,
1.0 mL of various concentrations of hydrochloric acid and 2.0 mL of 0.069 mol L' phenylhydrazine in
ethanol was prepared and dropped on paper as the reagent spot. Each 10.0 pL of 5.0.mg L' formaldehyde
standard solution and 0.030 mol L'! potassium hexacyanoferrate(IIT) was then applied on the reagent spot,
respectively. The influence of hydrochloric acid was studied with concentration starting from 0.50 mol
L' to 5.0 mol L. Figure 2 depicts ED as a function of hydrochloric acid concentration. The ED response
increases dramatically as concentration of hydrochloric acid increases from 0.50 mol L' to
3.0 mol L' and reaches the rather constant after 3.0 mol L. The concentration of hydrochloric acid can
be optimized at 4.0 mol L.
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Figure 2. The ED response in different concentration of hydrochloric acid.

Effect of phenylhydrazine concentration: The sol-gel solution consisting of 2.0 mL of TEOS 2.0
mL of various concentrations of phenylhydrazine in ethanol and 1.0 mL of 4.0 mol L"! hydrochloric acid
was prepared and dropped on paper as the reagent spot. Each 10.0 uL of 5.0 mg L' formaldehyde standard
solution and 0.030 mol L potassium hexacyanoferrate(lIl) was then applied on the reagent spot,
respectively. The concentration of phenylhydrazine was studied at 0.69 mol L, 0.069 mol L' and 0.0069
mol L. The results are illustrated in Figure 3.

0.69 mol L' 0.069 mol L' 0.0069 mol L'

>

1cm
Figure 3. Effect of phenylhydrazine concentration.

Effect of potassium hexacyanoferrate(lll) concentration: The sol-gel solution consisting of 2.0
mL of TEOS, 1.0 mL of 4.0 mol L' hydrochloric acid and 2.0 mL of 0.069 mol L phenylhydrazine in
ethanol was prepared and dropped on paper as the reagent spot. Each 10.0 uL of 5 mg L' formaldehyde
standard solution and various concentrations of potassium hexacyanoferrate(III) was then applied on the
reagent spot, respectively. The concentration of potassium hexacyanoferrate(1lI) was studied at 0.30 mol
L', 0.030 mol L' and 0.0030 mol L'\, The results are illustrated in Figure 4. The color of 0.30 mol L
potassium hexacyanoferrate(I11) solution is dark yellow. After applying this solution on tested spot, pink-
red color of the final product is obscured by dark yellow color. At the same time, when 0.0030 mol L'
potassium hexacyanoferrate(Ill) is applied, the pink-red color is not clear. This concentration of
potassium hexacyanoferrate(Ill) is probably not enough for the reaction. The pink-red color can appear
when 0.030 mol L' potassium hexacyanoferrate(III) is used.

0.30 mol L' 0.030 mol L 0.0030 mol L'

cm — 1cm ——— 1em

Figure 4. Effect of potassium hexacyanoferrate(III) concentration.

Effect of volume of potassium hexacyanoferrate(lll) solution dropped on spot: For analysis of
formaldehyde, 10.0 uL of 5 mg L' formaldehyde standard solution is applied on the reagent spot. Various
volumes of potassium hexacyanoferrate(IlI) solution dropping on tested spot is considered. The results
are illustrated in Figure 5. When 0.030 mol L potassium hexacyanoferrate(III) solution is applied by
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10.0 and 8.0 pL, the color of tested spots is light pink. Excess volume of this solution can disperse out of
tested area while as the reaction cannot be reach in time. This causes light pink-red color on tested spots.
The dark pink-red color and no dispersal of tested spot can be obtained when 0.030 mol L' potassium
hexacyanoferrate(11I) is dropped by volume of 5.0 pL.

10 L 8 uL SuL

.
L) 1
1cm

1cm

Figure 5. Effect of volume of potassium hexacyanoferrate(III).

Effect of reaction time: According to reaction mechanism shown in Figure 1, formaldehyde
reacts with phenylhydrazine in first step and the intermediate then react with potassium
hexacyanoferrate(1ll) in second step. The effect of reaction time of each step is approved and the results
can be shown in Figure 6. Effect of reaction time for the first step is tested by varying time after
formaldehyde is applied on reagent spot or before potassium hexacyanoferrate(IlI) is dropped. Figure 6
(a) depicts ED as a function of reaction time. The ED response increases as reaction time increases from
3 mins to 5 mins and becomes the rather constant after 5 mins. The reaction time of first step may be
taken at least in 5 mins for reaction between formaldehyde and phenylhydrazine and the optimum time
is chosen at 7 mins. The time after dropping of potassium hexacyanoferrate(III) is recorded for effect of
reaction time for the second step and the result is illustrated in Figure 6 (b). The ED is believed to
increase with increasing reaction time until 30 mins. The ED becomes rather constant after 30 mins so
the optimum time for recording color of tested spot can be done after 30 mins.

8 g
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Figure 6. Effect of reaction time. (ﬁ) for the first s'tep reaction.
(b) for the second step of reaction.

Calibration curve: The optimum condition of developed method, sol-gel based paper test kit for
determination of formaldehyde in pickled squid, can be summarized in Table 1. The calibration curve
plotted between ED and concentration of formaldehyde can be illustrated in Figure 7. The linear
equation, ED = 1.0041 [HCHO] -0.4007, is demonstrated for formaldehyde in range of 1.0-10.0 mg L'
with r? = 0.999. The limit of detection (LOD, 3sd/slope) and limit of quantitation (LOQ, 10sd/slope) are
0.40 and 1.34 mg L', respectively.
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Table 1. The optimum condition of developed method.

Parameters Condition
Concentration of solution
- Phenylhydrazine in ethanol 0.069 mol L
- Potassium hezacyanoferrate(III) 0.030 mol L!
- Hydrochloric acid 4.0 mol L!

Sol-gel solution
- TEOS : Hydrochloric acid : Phenylhydrazine 2 :1: 2 (by volume)

Volume of sol-gel solution dropped on paper 10.0 uL
Volume of standard or sample solution 10.0 pL
Volume of potassium hezacyanoferrate(IIl) solution 5.0 uL
Reaction time for first step 7 mins
Reaction time for second step > 30 mins

l'l

& 10 ¥= 1L.O041x - 0.4007
2y R* = 09992 P + ‘
= 2 J
5 6 *
£ *
i .
2 - 2
3 - A
) & |
0 2 4 6 8 10 k2
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Figure 7. The calibration curve -;-)Ioittedﬁlrary félat;onzhip between ED response (n = 3)
and concentration of formaldehyde.

Application for analysis of formaldehyde in samples: The pickled squid is usually used as an
ingredient in Thai pink noodle soup (Yen Ta Fo noodle soup). The developed method, sol-gel based paper
test kit, has been applied for determination of formaldehyde in pickled squid and the results are shown in
Table 2. The accuracy has also been proved and the results can be illustrated in Table 3. The recovery
in range of 99-104% is reported.

Table 2. Determination of formaldehyde in samples.

Sample No. Concentration of formaldehyde (mg_kg")
1 ND*
2 2.12+0.01
3 3.02+0.02
4 ND*

*Not detected.

Table 3. The recovery.

Sample Concentration of formaldehyde (mg kg™') Recovery (%)
Added Found
No. 2 0 2.12+0.01 -
1.0 3.14+0.01 102+0.02
3.0 5.23+0.16 104+0.02
5.0 7.05+0.11 99+0.03
7.0 9.16+0.01 100+0.01

Conclusion: The method of sol-gel based paper test kit for detection of formaldehyde in pickled squid
has been developed. The network of silica sol-gel can be utilized for trapping phenylhydrazine and
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chemical products in its porous matrix. The pink-red color of tested spot can vary with concentration of
formaldehyde. The advantages of this developed method are easy to use, less consumption of reagent,
fast analysis and low cost. This method is also applied for determination of formaldehyde in pickled squid
samples and the recovery in range of 99-104% can be obtained.
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