a v U d
INEYNHMITIVYRVUANUIY

(%4 ' U % =
ﬂﬁ‘l’\mﬂﬂiz‘lﬂ]ﬂ"liul‘lr‘ii;ﬁiilﬂ‘lJﬂ'liﬂi”m?lﬂ‘nNﬁ’!ﬂﬂiﬂii‘l"ﬁﬂllﬁ’li
d a J a | o
e inszimdinalalasaunlunsesdirons
Development of Flow Injection with Spectrophotometric Detection for
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ABSTRACT

In this work, flow injection analysis (FIA) with spectrophotometric detection for
determination of hydroquinone is developed. The detection is based on the reduction of
Fe(ll) to Fe(ll) by hydroquinone. In the presence of o-phenanthroline (phen), Fe (Il) can react
with phen, giving a colored complex of [Fe(phen);]**. The formation of resulting complex is
proportional to hydroquinone concentration, which can be spectrophotometrically
monitored at 508 nm. Under optimum condition, the linear range for determination of
hydroquinone was obtained from 5 to 250 umol L. This method provided high precision
(%RSD < 1.15) and high accuracy (recovery = 99.9 - 111.8%). The developed FIA method was
applied to determination of hydroquinone in skin whitening samples. The obtained results
were validated against HPLC method. Results obtained by the developed FIA method and
those obtained by HPLC method were not significant difference at 95% confidence level.
This research was extended the investigation by fabricating a screen-printed graphene
electrode (SPGE) for analysis of hydroquinone. The electrochemical detection was based on
cyclic voltammetry. For analysis, 60 pL volume of hydroquinone was dropped onto the
electrode. The potentials were applied from -0.8 to 0.6 V with a scan rate of 100 mV's’. Under

the optimized condition, a reduction peak current response for hydroquinone was linear in



the range of 0.23 to 5.0 mM. The detection limit of 0.07 mM of hydroquinone was obtained.

The relative standard deviation (RSD) of measurement was less than 0.63 %.

Keywords: Hydroquinone, Flow injection analysis, Spectrophotometry, Cosmetic, Screen-printed graphene

electrode, Cyclic voltammetry
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uawuan lngnsaadundanuvesuatanlineuniuauanvziuaslunimil Sasaiivaiiannse

andulaiwanlilativusniariniy Flisndudeminsuiuuanuse wislinsuiuLanil SPF

54

e Fefidrunavvesannaiuinaann onaviliiAanisszaisifesdefiandsld anslunduiiiies
GRELDE mmsmﬁ’wLLuﬂmmaw3aaﬂqm§1é’é’1’q§

- miaaﬂqwéﬂzﬁumimﬁﬁﬂmﬁu UVA laun Oxybenzone, Sulisobenzone, Dioxybenzone,
Avobenzone g Merxoryl sx

- a’liaaﬂqw%‘mjumimﬁﬁﬂaﬂﬁ'u UVB lawn Aminobenzoic acid (PABA), Homo-salate,
Cinoxate, Octyl methoxycinnamate, Octyl salicylate, Padimate O, Phenyl benzimidazole

sulfonic acid, Trolamine salicylate tae Methyl anthralinate

2.2.1.2 Physical Sunscreen \SupSufiuuanfifdrunauvesansiaiifiannsoasioussd
UVA waz UVB eanluain@anisla wu Titanium Dioxide(TiO,), Zinc Oxide (ZnO) tludu aslung
danansndosiuldis UVA, UVB, Visible Light wag Infrared Light Ssanslunduilasiinaszmedios
Favilstfesndianslundguusn uwiiifedesie Adufuunnussiamillianunsald sPr figeq 1# uaside
yuufntads wihaggunann esnansesedeuuuimduuuiosouasnseny Jadinisgadu

GARIRY



2.2.1.3 WUUKau Chemical-Physical Sunscreen \Junsiasuden andesesluufay
47U YUAD anN1S5EAILABIFaRINLINNEISUSELANENTAT WAZAAAINUVIILBNIASY WAZLETY
Uszansnnlunisdaaiulaswnnsiuiy

a

2.2.2 @shvimuilsfioangnsludusevinanisadradiadiuaniiy

o A

nAnaNuIT1eduIEnUln wulsilnlstuadueulvinddananlunszuiunisasiauan

@7

=) v ¥

Tu fetudiaunsadudanisyinauveseuleilnlstwals Avraiuisaannsednvinenisasiauaniv

¥
A A

Tidosadliiuiu fuduarshiimuisiosngniluduifdidvuneddyienisannisianuues
oulaflvlsfiua Seanunsasmunmanalansyielded

2221 nguiteangwisuniunisvitnuveaeulvdllnlsdiuaniowarlulonly
nsvUIUNIaTINInFIa1TY

- Hydroquinone Wuansiaiifitaediudinisaadediuaiiuly ansuszneu HQ fqns
suusslumstesfunsaiineyyadaseivglunssdueuleiinlstwaliluissmsndnsindiwariu Und
udrarldlunududu 2% luedesdronaialy wedududuninfuivededdneldmdwoummd
ogalsfiniu HQ TnathafssilmAnnisseaedosin Arfimalareuasintu iingasauidivii
mnldRasofudunarusziilfifanmsivdsuwlaweniodonelufmdailianduiians
wazonaluansnonsislufnilsld shlivaneussma savisusemelne laloyneliingld HO Tu
\3ead1eng

- Vitamin C 3nfiudfinaneguuuuannliinazidu Magnesium ascorbyl phosphate,

=

L-ascorbic acid, ascorbyl glucosamine %#3® ascorbic acid Wuasnafesuinuaziiused@nsainlu

o
[ [ 2/ <

mMsefueyyadaszdmivin uillmAdednnutesnniuansfanafivesiudenissugansadrad
Awaniu esnauanmnsalumsiudseuyedaseiinglunsefueulusilnlshivald Sefiennuduly
g 7aztreszaonsadradinduaiiy

- Kojic acid ﬂi@ﬂlﬂ%ﬂLﬂuwaWaaalé’mﬂmzmumwﬁﬂmé’wmmsmaqzﬂﬁu gangns
Tnendu Chelating Agent Wnduifu Copper Fadulaeuletiveaeuledlnlsfiualunszuiunisad
dind dlelaeuluiantosanoululinlsdiuaswhauldenniy uinsaladnldaiosdlethludy
drunaluniowdions lnadlensenuiuuauaaiiuazidouduiihmarasdendsyansamas dafy

nanLAS o109 llUAsuLnldladnlannaliian (Kojic dipalmitate) Faafiesnitunu agrelsinnu

) e

awv Ao v v ¢ L4 a [ I o 3 1A
N1539877INsNeassnudnInnasdasnisirnsaladndnuiuniniduiign 26 dUa wuindany

v o

aunAfudy (Wesen) dwsuluuyed msldluvinugaiulussiliianisseaefesiaiinsla

=)



- Arbutin 91yRuluarsainainfismduunassssuyifves HQ Bnfinilaiienn
hydroquinone-beta-D-glucoside Tngazuuadu alpha-arbutin, beta-arbutin Wag deoxy-arbutin
a o ! & [ a d ! v a 2 aa
1YAuLANYAANENINNT HQ LasFunidueanioIyiu astanesnIntunIoIy-iu waztduniy
nIlunisiduwindgibiialansganu luaddniandadndunldsnvidunuen HQ willv

NANITSNYITIN IR ATINAT AL 8

2.2.2.2 nquédudansiinug (Maturation) voseulvallnlsiua
- Glutathione ngalsleuluanslasiulng (Tripeptides) voensnasilu 3 da Ao
Fendu (cysteine) NsANgaEn (glutamic acid) wazlnadu (slycine) Aaduazyimunisinisiasu

DOPAquinone Tt uilleiardudfidindos-uns ununazsivdovass i 1unssuiun1souau

[
o [

[ ) a = aa v & e 1 Va 1 - 1%
ﬂa’]EJLUULUUQLiJaTU‘U PIUAUINIA-AN muummmmmalwmimmlm

2.2.2.3 nquileengnaiiiunisaniesivedoulyllylsdiug
- Alpha linoleic acid 1Juans Antioxidant %9188ANTONLEU LESNEST19ANLLTILTS

94 Skin Barrier uazdadlnaaudilunissaimsidovaaisvesoulsllnlsdug Jsdmalinisudnding

TAgsIuanad

2.2.2.4. ngududimsairaeuladlnlsiiug

- Hydroguinone uenanaztasiunisniinoyuadasziazlunsedunisinnuves
oulesllylstiuauds Ssnsedunisada ROS JusniievianeiBeriuuariusiuvesoulesilnlstiua
LAZaANI3a319 DNA uag RNA vasgadwailulealasnciy

- Lactic acid faruannsalun1ssudsnssuumsaiiaouledivlsiiua uonaniss
i Peeling Effect nszfunandaadiia vliwarluledilomaiiazdwihumalulyumndsinduuuld
UoLas AANANAIABY IR

- Azelaic acid Wuansfiatnainsyity wudiand 1avad Wudu TueIesdronsd

¥ o
N aA v

nslansailnflanudndulszaau 20% lasialuagldlun1ssnedr wasuldenuitamisoinass
MISNRINNERAUNRLARIY Lagn1SANYIDUY kanBnNIINIABITEdNELNTaTN B19NTES 1IN

a a I

wartulamsigluduganisyinauveaaeuledinlstiua wilaeunfnalrasnuinnsaiiuseansSning lu



nsaansuaaledfunninululuwesinndavanluled unaghiresiinalunisannisndndinduu
Aamdanund wu nseiAnluauegiunidu luswsnilinisldnsneivadnaududu 20% lunis
Shwndauaznuinanududuauin 20% dhavlinadneq funsesnit HQ ARINUTNTY 2% F991n

WiaRaLTRIANUaanieves HQ Juhlvnsaenaadniianutiaulanitlunsdaunly

2.2.2.5 nguiteengnssunaumsvinuveseule D.tautomeras Uay D.polymerase

_ Kogic acid uenanfinsaladnazsuniunisiauveseuledlnlsdiuaudidsuniu
n157191uveveuleyl Ditautomeras wag D.polymerase daifuwiaulesifildlunszuiunis
Polymerization 489 DHI ag DHICA Tunsguiunsvingquesnisasnadnd

- Albutin Fredufinisinausaeulsilnlsiua uananddiedudinisaeinugin

aal ¢ o & a9 v P X v O a . .
dnauysniannszuiunmsaiadedldlignasinaulugadury Epidermis

= o

- Alpha-tocopherny! ferulate (In1du E) viutmileunenirfigaduaiseuya

Y

daseiazlunseuweuledinlsgua Jwvihlinisafawarivanas

2.2.2.6 arslaiimuideiioongnslutunasonnisasudndiuaiiu

~ AHA (Alpha Hydroxy Acid) nsatateneidunsaiildarnsssund Seninsanalida

a

funninevanevila senguislasmsasniowadiafegiuuuandnnoudieen lneflwadiaiuuugn
idusnaifimanssanfveadinfuaniiunniian

- Niacinamide 3 Nicotinamide iJudunisasnguiniiudfsararsinls uagd
Araaendogs Inisthurllunsilifuinaigndewsurniu WewnhlfAensseaeifes
ffor ansnsnanmaindild uenanidshofiuauduiliiuiauazansenifieasuls

~ ansusen (Mercury) Wuanssiausndivhurldluadesdondivilifae lneusend
Wuaslulueiesdiens avagluguusenaaslsd viousenuenluiile songvdsuniueulesiinlsdiua
Tngswsnfulusiudadudmusznevvesoulesl wieduiulessuvemesuniisloglueulss viili
anunsnanmsasamaniulel wiognslsfinng nsliudnfasifitaunaveseninsofudunaiu
iiinsazanUsontuionis uwazaedudignszualadn vibidu uwaglaiinig Wulsaladinane u

s Yagiuusendsgnimuaduansiuldluniosdions

2.3 lalasa?luu (Hydroquinone) [15-20]
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Hydroquinone (HQ) 3 ev1491afi71 benzene—1,4-diol w3e 1,4-dihydroxy benzene 431
asUsznaudunideslsunfnUssinmiluea wiselsenin arsuseneulansendiuedn (hydroxyphenolic
compound ) #8305t CoHa(OH), dnuaiglasaaiiamiaail aziivylansonda (hydroxyl group)
asanyidousoiurauudy Anwarmsideuse iUty para Fauanadisguil 2.2 aauzves HQ 1
QmmﬁﬁaqLLazmmé’umimmm‘ﬂummLL%qﬁﬁmLﬁaazLﬁEJ@ awsainuisersendindunaneiduy

wiswuuleAiluy (p-benzoquinone) #3038 p-quinone o

OH

OH

sUN 2.2 lassaamaetivedlalasailuy

HO grihanlduarstisanyiuaesdindluduiomls violdiduarslvimuils losnnd
Anuansalunssununsihauveseulsinlsdiua fudueuleifiddnyiigalunszuiumsaiis
dadwaniu esnidumsivusdasnsaadinduai

Tunszurunmsnsairadiefiuaiu woulsfvlsfiuavhumiiisesufAse hydroxylation 1a4
nsmozfilunealnlsdu Andyu DOPA n&santu DOPA WaufAsersendimdunatailu
DOPAquinone waggangaznasiduiaduariuiiuansdiavesaus wiiledl HQ Tunszurunns
HO azhlfAnURATen 2 UFAseiivhlfeuledinlstiudliannsadouansdeiulvlsdulyduw
a1tuld UAseusnfie HQ WAnUjAse1snendiu DOPAquinone ¥l DOPAquinone \AnUjAsen

= a

dounduilu DOPA aady @ HQ wWasulu benzoquinone (BQ) Fsianuiatosnin vinlieulsd

'
a1

Inls@waldanunsaasu DOPAquinone WWuwanduld dwaviiliiafidnioouas uazufisenviaes

Julfiserdragivilmfanadnadesdeld HQ Tuszezen duAadledl HQ Tunszuiun1s DOPA 93

aaa

nateLduansissufisen hydroxylation ves HQ 1Amdu 1,2,4-trihydroxy benzene (THB) Tae
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wuleflnlsduaduarnzdadsanluufaser vdsandueuledinls-fiuanzisel jAsen
dehydrogenation %84 THB Winliu hydroxybenzoquinone (HBQ) aanunsaiinufAzennand iy
HO 1wWasy HO 1T BQ uay HBQ AaUARedounduidu THB uenani HBQ SsanunsaiinUfisen
dimerisation fuansiuedn uaradluusesaun Wadudinddunsiana (reddish - brown pigment)

Feunaredunathafissvesnisld HQ Anseruluatuiu Ujfsednanuandugui 2.3

JUN 2.3 nalnmsduganszuiunsaiadedwandulaglalaseiluu [15]

wana Nl HQ §anszAun1sasng ROS Juuiiievinaisevinuazlusiuvesauladlinls-diua
ann15@319 DNA waz RNA vaaigadiuanluled vinli HQ Wuanshyiwuilandussansamaan us

284l5An11 HQ Tnad1LAsaiduns1euInuiu F9nN151Y HQ Jnaldeviauudunadu hazisesa fadl

a

1. vibiAnnsseanedos wil waziluds lnsanzegsdudeldsiuiunsadaniue Mdugns

[y

fealussuensnwi nslindnduyniidiunaues HQ zdeslilesidudvesiefiuiuoussyed
wazagnelin1sAIVANYDILNNE
2. 1finn1g Rebound Fuinannisvgaldenidl HQ viuil 1lesnimdusiwdnwadidadun

nawnuIvihlvitieaianInay waziloeuledlnlsgiuagndudalay HQ Agvilvansnswulnlsduase
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[% '
Y

gluanluleddeaglaguibioyinids Wevgald HQ neviuviu axvilililidmdudueuleiinlsgiua

Usznoauriulnlsduniased aeinbilvlsdugnildeudumarivegnesimsiuazuinuig iviRanauun

v a Y A

AarAaINIuGY faandlugun 2.4A uananil HQ Salldeidene ldasann gneendladladieiiie
gnuatnakazeaIne tnedeuainduradudiuinma

3. 1Andlduden (Telangiectatic Melasma) wseanasenitvasaionldnes niangaila 1u

<

anngiidudendosvgnginuunnas Mlmiaduukaunsliimiy anwazves Telangiectasias 9

raa a

anunsadunalauuiintinge Wulduideanliiinas Daunsluse nseldnuwuziduniviaduidon

WEAIagUT 2.4B

1% '
a o a

JUN 2.4 uansdnvaziamhitienshwidideeniilalasailuu (A) Sledwartuduiniaiiuuin

v
¥

U way (B) At LduLAanUURILAN [17]

a. mnldia3esdrenanIosidl HQ egedoilosuazldfifuszeginaiuiuassinliifnnis
Wasuuaweuiaiboneluimds iadulsafiods Téun

- chronosis 38 defiguring effect fip fn11sAthiFuou Snvundusiyuogudnalmunudy
uazduayn daduuinadini HQ Uy @1 HQ ffudansvhauveneulusl homogentisic oxidase #s
Viwthiieandlad homogentisic acid Tunsuauelash (meta-bolite) vastnlsdu vhliAansazay
homogentisic acid luiiioioiioasiu uaziinne3-weslsd (polymerizes) Wuilindduunslufingu
dermis wagluusaiansavasaunaefuduyuithmady adedulivaia$ides (caviar - like)
Fauanslusud 2.5

a

- Leukoderma %3alsan19917  Wulseianilarianiladaildnwasaanisaqdsndny @11

YRS

v oay Yy

Tunisadradindmaniu esanwanluledeny viseldanuisavinaulaniuund seanlenaniuntnadu
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HQ n3gAuN15as1e ROS FuneinaeovuwazlUsiuvedeuledinls-giua vililnlsguasegluw
aluled wena1ndl HQ deamn13a31e DNA wae RNA vasgasiu-alules inliuatluledgniinany
a8190175 Aetun1slY HQ edssiailowagldiliuszezianuiviliifalsanawnld dnwouedin

Y0 U38L5AR9UIMAAINNISTY HQ uansdagun 2.6

JUN 2.5 uansdnuaizreshonsiinady Tdnvausdusuyu (caviar - like) Miinannsldlalas

A luwduszuziiaiuny [18]

JUN 2.6 wansdnuaigdiavesiielsadnsiiiinainnisldlalaseiluy
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(http://winchesterlasercosmetic.com/practice-safe-skin-hydroquinone-part-i/)

5. dnlenmadessionisilunziimiduiieldiniosdonswies il HQ sgwailiowmazldidu
szezaIY Wesniinsfnwuaznaaeslunynaaosmudn HQ Tenuduiiy Iaedie1 LD50 orally
in rats 11NN7 375 fadnsuseuintndivy 1 Alansu wazdmuin HQ Wuansnenaneiuduasuess

Tunynaaesdnsie

2.4 Flow Injection Analysis (FIA) [21,22]
2.4.1 NENNITYBITLUY FIA
FIA findnnMsiugIuaINNITRnasaraenfeinIsInsIeiidngnseasning (carier stream)

Fain1slvanasniial a1sazatendsinisimsiziazinaduvsuleudunisluviediass 819l

L)

NITUIUNITAN LAATU 19N19N1800 kazn1aedl neugnunludsssuunsiaindayayin (detection

' 1%
= S

system) Nanansaduiindayanalaegiswiaiiios nanmsnddayves FIA asulasail

a ¥ ! £ d!

1. @1582a8NHINITIATILNILD N ANTLHAVDIF N TRTUANTSLOLAUALAY B1T9 @159

Y Y

'
aaa & =2 o !

Feamiaigsifuiielauddmiagi o rfunasiiaifuasndniu fsazgnmidadngiaios
n3193nsely

2. M3ns¥ans (dispersion) vavansaraefifiosn1siinseiazgnauaulnsszuuiomn
Tnefiszuulaidndudondrdaunalas Vivau

3. mwhauressruuazgnmval vz fividunaens tufe duddsansavansdi

AoaTnTeiautanstuiindygaasldnaitunness silinanlatainuwiugnas

2.4.2 \A3993BNUFIUYBITZUU FIA

52U FIA a@unsawutoantilu 4 d uwansdagui 2.7
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gﬂﬁ 2.7 uansduUsYNOUTRISTU FIA [21]

2.4.2.1 whegandeaasazaie (Propelling unit) Wumiiedsanunsodndesansazans
Fawsnilsansazaretuly nsgidesdedliiidnsnsinaiinsiinaennismaaes slunsufoasld
peristaltic pump nieldszuuanudurenfia wififeufuegunsvats Tdun peristaltic pump
feduniinfiazusznaudegnvasiamyu (rotors) Ssanunsamuaulidiaamuianailumsmsuiitedu
4188713 (pump tube) Wuszeeq vinlvansavaregnandedduldnufianisnismyuvesdimyu d

wansluguin 2.8 lnefiaeensilddnludosdeniivunzauivansazanevsosinasalefiazgnanaes

Y

gﬂﬁ 2.8 LERINITYINIIUYBY Peristaltic pump [21]

2.4.2.2 svuvdnarsazaid (Injection system) \Wussuunldanaisazarefifosnis
AATETgszuu FIA Tnefiaruisantvaulvnisdausazaselivsunswindunasnnisvaass Tu
JagtuagliiBnmsasaunsnununisdauaziniasfiendeuld laun rotary valve adunisinauves

six-port injection valve kansisgui 2.9
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g'ﬂﬁ 2.9 UaARIN13YINUVBY six-port injection valve [21]

2.4.2.3 wugyIiAn U 516199 waze1asanfanssuiunisanagiiudilulu
53UV (Reaction zone and additional process) Tunulsliusznausmiuansaasialsazalenigg a9

91MILUNIVTBNAERNAINUABATSIANIA19Y WU PTFE tubing Feiliduntuaudnanslssuia 0.5-

(%
=3

0.8 mm Wudu drudesevziinategluuy 1y dose 2 119 Tora 3 N3 uavdese 4 N3 JaWueg
fudnwazn1sldau JUkuureaIvdndssdeinsiuiinisinufaseluaeiuidvitlivatguuu A
wanelugud 2.10 daunszurunisauimdundlulussuy 1wy mini - column Tdlunsaindinig

preconcentration kaRIRIFUTl 2.11 138 phase separator Wlunsdiniinisann wanasagui 2.12
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A = Straight open tube B = Coil tube C = Mixing chamber
D = Single — bead string reactor (SBSR) E = Knitted reactor

3‘Lh'7i 2.10 UanIFURUUAY Y89 reactors [21]

P = Pump S =Sample E = Eluent
CH-100 = Chelex-100 D = Detector W = Waste

g‘ﬂﬁ 2.11 W@nsn15LE mini — column Tun1s preconcentration Tuszuu FIA [21]
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S =Sample A = Segmentor b = Extraction coil
C = Membrane phase separator FC = flow cell

W = Waste AQ = Aqueous phase ORG = Organic phase

gﬂﬁ 2.12 uansn 131y phase separator Tunisanaluszuu FIA [21]

2.4.2.4 whgTaayyia (Sensing system w3a Detection system) \Junur897n

deyarauanansitegneiisnaula detection system fildluszuu FIA Inaeguiuu nsidenlyay

'
[ % a a o W =

YuiusssuvRvealisevesssuunimading laemilunuinesesenldlueitnnsiiiounnuia

Re

a1ursadnunldilu detection systemlu FIA iy spectrophotometer, spectrofluorometer,
atomic absorption spectrometer, ICP wazia3asiiontadulniiiaivisein Wudu
2.5 Fauduiiliinssimusinalalasailuy

2.5.1 wAila Gas Chromatography (GC)

Anja Judefeind wazAmg [23] lANAIUIIG cas chromatography-mass spectrometry (GC-
MS) dmSuliasigsimuiinansaenalsdn (SA) waz HQ lushegsiamdawesuyud uaziadosdieny
wfinddadu Inen1s1d Deuterium labeled SA-d6 wag HQ-d6 1Uuans internal standard n1sinSe

megrilalaenisaiansumiuea inliwineldanneufalulasiau wazvihlnduaseuyiuseie
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[
a

N,O-bis(trimethylsilyl) trifluoroacetamide (BSTFA) + 1% trimethylchlorosilane (TMCS) itnadAl
Tendadrindigadmiunmsiiasegy (LOQ) Winfu 50 uay 10 ng mL™ d113U SA wag HQ AwdIRy
A1 %RSD Ueanin 5% wagliA15e8as19n15IATIERAUNGU (%recovery) 93.1 — 103.3% d@115U
SA uag 97.3 - 100.8% d115U HQ

E. L. B. Lourenco uagaug [24] lammunis GC-MS dmsuiiasiginiusuiad phenol (PHE),

' [
adad o =<

HQ waz catechol (CAT) lushegatlaanie Feanunsadnsziildluasiaientu 3inmurdueide
Ufiselelaslagasiunsavesasusenau conjugated phenolic compound w&anusiinisadin
analytes Aewatia solid-phase microextraction (SPME) Imaﬁju polar polyacrylate coated fiber
adlugegng 20 Wit nieusunstiuniu wdsmniulniuesiiil analyte aggninluqululovessioiaus
hexamethyldisilazane figviliiAniduaseyiug viamnnduluhaseyiusiiiatuuulmvesludn
WN5EUU GC-MS 3§ﬁﬁwuﬂsﬁu1ﬁm%ﬁﬁmﬁwqmﬁm%’umimaﬁm (LOD) iU 0.3, 0.15 wag 0.02
ug mL! @ 35U PHE, HQ wag CAT suansu

walla GC I sensitivity wag selectivity Tun1saiasiesig desniinisusnneufiazein
n3n5193n wimadedldnatlunsiwsziuiy ildliazaanlunisimseiansiegnefiisuau

110 1AsesdleldisiAmung waze nsenTATIzRluNRauLIssnATesilolvualng

2.5.2 wAilA High Performance Liquid Chromatography (HPLC)

Cheng-Hui Lin uagamy [25] Waw13s microdialysis sampling $21Aun153tAs1896a28 HPLC
dnsuhiasizdniUsuna HQ lufedraniesdienssindiadu ludunaunisyia dialysis 19
UsAanlooeau (DI water) Wuansazany perfusate 14lwsu (probe) t8u polycarbonate fiber 817
10 faduns wazdnsinisivamingu 5 lulasdnsdeundt dau HPLC Tdwanaiiilu Hypersil
Fluophase PFP column wagld potassium dihydrogen phosphate agaglu 40% (v/v) methanol
luansazans 0.020 M phosphate buffer iuaindsuiimadaillidrsnnududuasdunsasain
HQ TutreAadudu 2 uM - 2 mM 1 LOD Windy 0.2 uM Fafin1ugnde (%bias) ¥oan13

[

wasgiangluiudediu (n=3) uarseninedu (n=12) agfludas 9.5 - 13.0 % AIULNEIYDINT

[
a a1 v

Ansgigriarsanldaindr %RSD elantiesnin 7.55% uaxlsian %recovery aglutiag 89 - 112%
Funadadiifoniinsmisusnognwihlding aunsoatnrdeusnansiifoinisinsizieanaindaogna
laagasanda wazlidfinslddvihazaedunsd

P. Lopez Garcla Waz Al ¢ [26] Wal w135 HPLC wag35 ultraviolet derivative

spectrophotometric (UVDS) method d@1115U3tAs1g%#MUTHaL HQ d1115U HPLC adiunsiagly
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wedla reversed phase Ineldmadutd RP — 18 Wulansd uarldiumueauazii (20:80 vAv) i
AT 51 TRdeIA3as UV-vis Detector fiannueninduuas 289 uiluuns dsaududunss
Tun15057379 HQ Turi9Anuduty 6.0-30.0 pg mL! wiaudual LOD wag LOQ Wiy 0.08 way
0.26 g mL™ aud1su dwiuds UVDS endaiUaniufiugiures HQ Tuasansmewiusi 1 fe
AsmlAuEURUSIENI AAMAL wazaueAdunas Tnglifiaiandudl 302 wilwuns diewan
gesiiafildluairsnsvlnuduiusiuandudures HQ silldasanuduidunsdudisnin
WuTU 10.0-26.0 pg mL™ Tunsagadisn 0.1 pN wSeudual LOD wag LOQ windu 0.14 wag 0.46
ug ML puddfy sedesisiivamtuiluussendldngatn HQ TushedanTesdensainmg way

a (% ca ¢

A3N LWBIUSIULTUNAANSILATIERTILAINED I8 t — test wag F — test wualidanuunnaneiy
pYNLTydATY NI2AUANNIDNUL 95%
Wenhui Gao tag Cristina Legido-Quigley [27] Waiu152 Uy HPLC 1ia3tAs1ziniuTuiu

Y [

HQ, phenol uazasiuyndn 6 via lusletantosdowilnasy a1sndensiasginndignarin

Y

(% L3

90NANEIDLNAZURIY 60% LuMuea dnziimunzaudmiunsiwszildmansiidunadud
18 (100 mm x 2.1 mm) uazlfinaindeudiiuumiues wag 0.05 M ammonium formate Tyt
(pH = 3.0) d1§un139h eradient elution Faaunsausnansiigesnisiwsizioanainduldately 10
ut wadadils sensitivity a1 Ingliremnududunssdmiunisesaiawiiu 1.0 - 200 pg mL*
d1m15u phenol, 0.1-150 pg mL! d1m3u sorbic acid, 2.0 —200 pg mL! 115U benzoic acid, 0.5 -
200 pg mL?! @1%5U HQ, methyl paraben, ethyl paraben, propyl paraben wag butyl paraben 1w
A1 LOD ogfluting 0.05-1.0 pg mL! Taglvie %RSD dmdunistiasigyian 6 ads oendt 5 % uax
%recovery agluyae 86.5 -116.3 %

agslsfmu HPLC fidasinndnsfumaia GC Ao wadnildnalumsiwsieviuy viilill
azaanlunsimsisiansiediadusiuauuin wiesdle@ldfisnaiume wasendenisiasizly

= A4 A |
ﬂqﬂaur]llLu@ﬁzﬂqﬂLﬂiﬂﬁﬂJaﬂJﬂuqﬂiﬂm

2.5.3 wmAdA Capillary Electrophoresis (CE)

Claudia Desiderio tagnaug [28] lawaiuvaila Capillary electrochroma-tography (CEC)
dmIuIRTeiUTnuYes HQ uagauius taun methyl-, dimethyl-, benzyl-, phenyl-, propyl-HQ
derivatives Iﬂﬁlmimiﬁ; octadecylsilica (ODS) Tu fused-silica capillary deldidunansiilumnaile
CE wazld 20 mM Ammonium acetate pH 6-acetonitrile (30:70%v/v) Duwlandoud MHendludn

25 kV wagauau 5 bar Tun1suen waznsiadnniemias UV-visible diode array detector iRy
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gnduLas 205 urlumns Jsannednananunsausn HO wazeayiusd Wnneluan 6 undl T
Asdudulugisaaududy 5-90 pg mLT! wiaudiuAn LOD wag LOQ wWindu 1.37 way 3.35 ug
L Fiiaundugninludssgndlumslinszsim HQ waroyius Tusegnaaiosdions

Yi-Hui Lin wazaniy [29] wmuimedaiiaiunsadinsieiniusuna arbutin (AR), kojic acid
(KA) way HQ lalumsiafeadu laeldnisuenalgmaiian micellar electrokinetic capillary
electrophoresis (MEKC) Fafl sodium dodecyl sulfate (SDS) tWusneluiwad anmzfionyan 19
SDS fimududu 100 mM wagldirmasaududu 20 mM 7 pH 6.5 1Ju running buffer 14
dndlaiin 20 kv Tunsuen Feligremnuidudunssdutrsnnududu 20-200, 20-100 uay 8-80

pg mL™! wag LOD 1Av 5.4, 7.1 wag 2.2 ug mL! dmsuiiasiziinidsuia AR, KA wag HQ

] [
aaa o =<

puddy BifaunTugnihluUszgndlunsiiaseiv AR, KA uay HQ lumeehaniesdions
wadla CE anunsausn HQ lusheesldegnsfiuszananim Tian LOD ¢ iilasaniinisuen

asfouldriansatn sinlilidinissumuannunindluiedne uagamnsafwunliiduinies

AnrgiueniesujiRnisle uifidumaiaiisnume wazdndudediynansifimudunguas

LRRTER

2.5.4 wAdA Luminescence

J. McCall wagmaue [30] Wl UNITd 1 MSUIAS g n1USUI Phenols, Catechols,
Benzoquinones wag HQ lauaziAn electrochemiluminescence (ECL) 984 Ru(bpy)s?* (bpy =
2,2 -bipyridine) Wil @ndladln +1.4 vV unaisazarenauaes Rulbpy)?* wag CoHyN (trin-
propylamine) R Phenols, Catechols, Benzoquinones itag HQ annsadud vise quenching ECL
FAnTuUld Tnennsanaved ECL auUsiunuu3anm Phenols, Catechols, Benzoquinones #38 HQ

M. Pistonesi wazanig [31] Wau13siiainnsadnsiziniusuia Resorcinol was HQ lu
Fregsenialaluasiiientu Ineldinafia Synchronous fluorescence spectro-fluorimetry 7
yhaulnenisaunuii excitation wag emission monochromator Tuneue fu Ineitfmualiaii
LANFNIYBIAUEIAAL (AN) D4 excitation waz emission fienasi Tuaudl AL Wiy 15 wily
was iuangnsaassiinzandian eJ%ﬁﬁGMUW%Uﬂ’ﬂUUiZQﬂﬁﬂ%ﬁﬂﬂ%ﬂﬂﬁu Resorcinol wag HQ
Tudleg1901n1 nelrdrsauiduidunsdunisnsiatn HQ wag Resorcinol Tugisa U udy
0.02-0.16 mg L™ (0.416-3.3 mg m™> air) Wag 0.05-0.6 mg L™ (1.04-12.5 mg m™ air) W3oumIYA"
LOD whifu 0.125 mg m™ uag 0.292 meg m~> amuddu Asdiidenae 1nEa 9o wazldudindud

YNaLanginLy
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Guirong LI waveaz [32] Taiamunizdmiudnszsimusua HQ Taeld Pyronin Y (PY) &4l
An1si3eanaanuuislenuud (resonance fluorescence) g4 iloagluaisazarensndaiiadn nns
737930 HQ 91duANaIu15av09 HQ Tun1sidudaiss (catalyst) UjAsenoandiaduaas PY lay
potassium bromate @finarinliiA1n1si3eauase PY anas N13anaduesdinisisosuases PY 1oy
dadrulnensstuanududuves HO Fadwaun T luusegndldmuanm HO Tufedraundani
ss5urR lnglidasanududunsdunisnsiada HQ Tudasanuidudu 4.42 - 1600 pg L' uagan
LOD 11AU 1.46 pg L™

Hui Huang uazay [33] Wauniananunsaiasieimusunales HQ was lalasiaules
panlan (H,0,) lngodunisvingusiunuveeulsil horse radish peroxidase (HRP) wag conjugate
fluorescence polymers PPESO; %’uﬂumaﬂqaaLiamusﬁﬁazmaﬁﬂé’ Tuganigaes HRP wag H,0,
HQ aunsagnesndladluidu 1,4-benzoquinone (BQ) 34 BQ @131505111#1AAN15 quenching
ohotoluminescence (PL) w81 PPESO, élinsiesuasves PPESO, anas inalaiflfdisniudu
WWunsalun1sns9in HQ wag H,O, Tut9AnUdudy 1 pM - 2 mM uag 6 uM - 2 mM  Wagan
LOD WA 0.5 M uag 1 uM anudnsu

n153ATIE9 HQ dewaiin Chemiluminescence Huiidafdio & sensitivity ge vinlsilden
LoD ¢ msldauadesiions wazsialaiuns wdadia Chemiluminescence fisgniaundusn
Wems1ain HQ dulngffimmegeenlunssniunsveass wu waia Synchronous fluorescence
spectrofluorimetry é]’aﬂ%’qﬂmﬂiﬁﬁmmﬁmwL,Lazl,%mng uona1nil reagent AldvirlHiAn

luminescence fs1Awnanas luanes

2.5.5 wmAlA Electrochemical technique

[y

lolanda Cruz Vieira wag Orlando Fatibello-Filho [34] ladaun3sd1nsuimsizinnusunc

HQ Tnen1s modified 47 paraffin/graphite feiiloidavesiuniny (sweet potato tissue) Faifu

aaa

uwnasvenouleil peroxidase el H,0, Wudusswizen wulwldannsaeandlad HQ Tuilu p-

LY o

quinone %&991nUU p-quinone AztAAUATETANTUA8LWAN (electrochemical reduction)

nduluilu HQ landndlviiln -0.22 vV n1suszandlduaniauiuiumaiin amperometry 11439

[

Aduldunsalun15ns19Ta HQ Turnemnududu 75 pM - 1.6 mM wagliian LOD winiu 8.1 p

<

' [
o = [

NI lUUssendldiieseiniiuna HQ Tustedruasesdronsviinasy G935ULTeml

[

MOAUNIIETINYIR LarsiAgnlumsnseuBianing,

Re
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Ines Rosane W.Z. de Oliveira wagaz [35] laWauisdunsuiinsizviniusunu HQ Tnanis
FUAT12RAITLTIEOUVD I [CUHLOANCIOL, tae s NN’ N’ -[tris-(2-pyridyl methyl)]-N-(2-
hydroxy-3,5-ditert-butylbenzyl)-1,3-propanediamine-2-ol(H,L) 1 udunug Fuduarsdedou

aaa a

catechol oxidase catalyst fiaw1saisaUfsereendinduaisusznouil-usdn wWaswduailuy

Y
v a a

(quinone) ansidsdouiilggninluatadudrdidninsalnenmananiuunslue wag modified asuud
carbon paste wagtlUuszendldiumaila square wave voltammetry Hens9¥a HQ Tushegns
\3asd1919 Tag HO argneendladilu quinone ndsanduaggnimddeluihnduludu Ho 4
sl 0.2 v nszuaiintuazulsiunuuiues HQ tnelrasufuduasdunsasiaia HO
Tug29AMUINTY 60 UM — 2.5 mM wagliia LOD wag LOQ Wi 0.3 uag 1 uM auanay

Liang Wang waganiz [36] Waun3dfiaunsodnsieimusuna HQ wae catechol llumsna
e W Taen1s modified glassy carbon electrode (GCE) #1e penicillamine (Pen) Tauo1de
U381 electrooxidation 484 Pen 1intlu Pen Afidnwnzadeyyadaseiifiuszquan (cation
radicals) ¥lhAnnsdeusieoseiusslaniaudsevindulasiouvesiiefiuves Pen uazianiives
Hrasveu driifmuuiluvssendldlunada differential pulse voltammetry tiens13%a HO
waz catechol Feanunsalifia oxidation potential ¥ HQ wag catechol wunaenanfiudia 103
mV @slsian LOD lun1smsiata HQ luaniediil catechol Aadud 0.1 mM Wiy 1 UM uazen
LOD Tun15m52997 catechol luan1@d HQ Awud U 0.1 mM WU 0.6 UM FEARAUT U
aunsniluuszgndlddmiuiiaseinnuTuia HQ uay catechol Tusagnatuszunldlunsn
e

Dong-Ming Zhao wazmaz [37] Waun3sfianunsadesnzsimusuia HQ wag catechol leilu
A312LA 21U Inen1s modified poly-amidosulfonic acid ag multi-wall carbon nanotubes
composite (PASA/MWNTSs) Uuta GCE #aemaiia electro-polymerization 39i3ugusienisvendns
WIuReEFIas MWNTs fitmsssly N,N-dimethylformamide vuiinga uazseimeiavinazarenield
ANTLAIBUNILIA ﬁﬁﬂﬁ]ﬂﬂﬁ?uﬂizﬁu MWNTs/GCE a1 cyclic sweepings 910 -1.2V 819 +1.2V
1U2U 20 59U Tuarsazareveanadwines wazadns PASA/MWNTs/GCE Taans4i cyclic
sweepings 911 -1.5 4 +2.5V §1u7u 10 sou luaisazateneaadiesid 50 mm
amidosulfonic acid %’Jﬁﬁwmﬁﬁuﬁﬂﬂﬂizqﬂﬁiﬁﬂuwmﬁﬂ differential pulse voltammetry Lii®
a57930 HQ uaz catechol Faanwunsaliifia reduction potential 489 HQ waz catechol wanaenaIn
futls 103 mv wedailddennududunsdunisnsain HQ Tuanneil catechol Arududy

0.1 mM Tuasaududy 6 pM - 0.4 mM wazligrennuludunsadunisnsiada catechol Tu
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an1Eil HQ Audad 0.1 mM Tugasanandadu 6 pM - 0.7 mM 337staunT uanuisaialy
Uspgndlddmiuiinseinuinnm HQ way catechol Tushagnsthussuldluasmuieniiu

Jun Wang uazaaug [38] lawmunisdmsvinssimuiuna HQ lngnswseuianmisueu
NELTZNIN graphene nanosheets Lag carbon nanospheres lag1Aun15LAn electrolyzing U84
graphite rod Tuansazanensalunin meldannenszualiiiinsd uaziriananfuounaudlely
modified Uufiufitvesta GCE Bidnlnsafitmuntuiluuszgndldlumaia differential pulse
voltammetry iions1an HQ udeensiu Fdliviasnnududunsslunisnsatn HQ Tugasau
WUTY 0.1 — 100 wag 100 — 600 UM

Wei Sun wazans [39] Ieimu3sfianunsniiaszsimuiina HQ uag catechol lalunsm

N [

Wweau lmen1s modified poly(crystal violet) functionalized graphene oxide (CV-GO) a4u U
HuRvoea carbon ionic liquid electrode (CILE) 97875 potentiostatic method ﬁuﬁ@ﬂﬂiﬁju%’a
CILE asluansazans CV-GO Adunsizity waglddndlniiasiinn  -1.2v Hunan 300 Jundt e
Anwdemeida cyclic voltammetry wudn 27ildaunsaldiin oxidation potential 489 HQ was
catechol weneananNAuds 112 mv luarsazareiwiesveansa pH 2.0 S uanansaily
Uszgndldlunisnsanta HO uay catechol Tudeesinfteuldluasiuieatu sldsanudu
@unsIlun13nsI97m HQ way catechol TurieAuudu 0.12 — 600 wag 0.36 — 600 UM N3aus18
A1 LOD winAu 0.033 wag 0.097 uM sud1au

Guiyun Xu wazamg [40] Walu13sa msuimszsmiusuia HQ Ineld carbon nanotube
(CNT) doped poly(3,4- ethylenedioxythiophene) (PEDOT) conducting polymer modified a4uu
fiufind carbon paste electrode (CPE) BudnInsaiiiamutugninluussyndldlumain differential
pulse voltammetry Wens1930 HQ laua1duUfji5e electrocatalytic oxidation ¥84 HQ 1o
oxidation potential #1n31n1531AS1Z9TEE bare CPE wailaiiligrsnnududunsdunisnsiaa
HQ Tugr9Aududy 1.1 - 125 uM n¥eudr8q LOD tAfU 0.3 pM uazdsisimuituyily
Usggndlingata HQ lusegaaiesdionsuszinyilaviyuds

Jing Zou wavAne [41] Walw1IDd1 1S UM 1L nIUSU I HQ lagn1sdaiasig i
hexagonalphase CuS nanocrystals %qﬁ@mauﬁ’amitﬂumiﬁqﬁaﬁwﬁﬁum A187%
straightforward method waziinld modified VUit GCE Tngmsvenansuriuassves CuS
nanocrystals uag chitosan wagvinliuvisiigungives didnlnsafifwudugninluuszandlily

watla cyclic voltammetry WienT193n HQ lusegnninyussUuasinusaingiun Farmer 1@alaain
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Weassnaum nuintidrennududunsadunisnsiaden HQ TudreAnududy 4.5 pM - 4.5 mM

W5oUMIEAT LOD Windu 1.5 uM

aa A

Hui-Lin Guo wagany [42] lanmundsRanuisadnsieiniusunas HQ way catechol o by

AT1LAEAAU 18T modified NuR197 GCE Aa8 pyridinic nitrogen doped graphene (pyridine-
NG) By electrocatalyst NAund1mSUNI5E51997 electrochemical sensor Wians397A HQ uag
catechol Wafnwisiuinaiia cyclic voltammetry WuIAw7 pyridine-NG/GCE AWaUITU 919 HQ

aaa a

uaw catechol anwnsaiinfAseléviauiiseeendindunaziindu Taglifia oxidation potential
189 HO uay catechol kanaanaanfuds 103 mv etdafimunduluvsegndlilumaiea
differential pulse voltammetry \fion5393n HQ way catechol luas1adeafiuy Tusegraiiten
wurdseududunsdunisnsatn HQ Tuaneiisl catechol Aamdudy 100 M Tugnspany
Wutu 5 - 200 uM wagligrerududunssunisasiate catechol Tuanedidl HQ AuELty
100 pM TuY29ANULTNTY 5 - 200 UM wagAn LOD winfdu 0.38 wag 1 uM @1nsun1snsiain HQ
way catechol MIuaIAY

Yanli Zhane uazmaz [43] Waun3sfiaunsaiasizinusuna HQ was catechol ilupsn
Weaiu Tnenis modified uA242 GCE dae graphene L@y titanium dioxide nanoparticles
nanocomposite (GR-TIO,) N151U1 GR-TIO,/GCE lUuszanalddmiuiinsieimiusuin HQ uas
catechol Tups1atdeaiu anusadnuilaniewaia cyclic voltammetry wuan A oxidation wag
reduction potentials 984 catechol Lag HQ Lﬁmﬁuﬁﬂizm1m 0.372/0.018 V uag 0.313/-0.103 V
pudfu waziiletluuszgndldfumada differential pulse voltammetry wuinl#gasaamidu

I [y 1

WEunsalun1snsiadn catechol wag HQ Tuya9AINUNTY 0.5-100 uM wiauAuan LOD Tunns

[
ada o =<

#57397n catechol hay HQ tvi1du 0.087 pM Lag 0.082 pM RINE1AU I5NNMUITUU AU
audnsalunisiilyyszandldlunisnsiadn HQ wae catechol latunsiudeaiu visludaagg

YU UATUIAIDE19NANLLARIU

[

Weimeng Si uagaug [44] Wau1isnausalinsiziniusnia HQ way catechol laluasn
Weadu Imenis modified 998L18nlnsa f18n15%1 electro-polymerization 394 3,4-

ethylenedioxythiophene 84U nitrogen-doped graphene fipdouuuiiuiinvests GCE lo@inw

aaa IS

Ufsermanlilninues HQ wae catechol vuTINNMWITY Mewnalia cyclic voltammetry Wud1

I~ aaa

finUfA3e3nendues HQ waz catechol @1ursatinueniuliluaged anWauTugnily

Uszgndldivineila differential pulse voltammetry W@N1536ATIERMIUTUIU HQ Uag catechol
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I8lunsieniy Fdigrsmufudunsdunisasiatana HQ uay catechol lutsmnududy 1-
10 UM LazA1 LOD dusun1sngiain HQ way catechol 11U 0.18 Lag 0.26 UM suaIeu

Wei Liu wazaniz [45] Waund3fiaunsodnsizinuiunm HQ, catechol uaz Resorcinol I
Tuasfeaiu lagnis modified %’J GCE #2y nitrogen doped porous carbon nanopolyhedrons
(N-PCNPs)-multi-walled carbon nanotubes (MWCNTSs) hybrid materials Fulurfausn Budude
ATEUATIEIE N-PCNPs #28n58UUNNS carbonization Y84 ZIF-8 nanopolyhedrons (ZIF-8 NPs)
W& 991N JuLAIEY N-PCNPs-MWCNTSs hybrid materials Tngnnsuas N-PCNPs waz MWCNTSs 147
Fefulutinuians ugavinis sonicated uagdunimunan 2 uag 5 Falus audrdu azldans
LYIUABHVDINAN AT AR ndsarndusiinig casting @136¥7Ua08 N-PCNPs-MWCNTs hybrid
materials aULHUAI989 GCE waziivlviuiafigamgfies N-PCNPs-MWCNTS/GCE fifmuntugn
unludszendldiumaia differential pulse voltammetry WonsiAsginusua HO, catechol
wae Resorcinol lalumastadeatu dalddremnumiudunssdunisnsaatass HQ, catechol uas
Resorcinol Tud19A1u gy 0.2-455 uM, 0.7- 440 uM wag 3.0-365 UM AIUARU LagAn LOD
WU 0.03 M, 0.11 pM tag 0.38 M RINa1AY e sTauTulsTauaudsalunisinly
Uszendldlunsnsiata HQ, catechol ua Resorcinol Idluasmifenfulushognairnnnuii

UaAv9 Electrochemical detection Ao 3 sensitivity wag selectivity GR dlofin1s modified
electrode axaansion1sulUAAsIzruenteIlfufnig wimadadiinuatiosvesdyanas uass

anugeenuazdutouluniswieudianiven

2.5.6 walla Spectrophotometry

R. Belcher wag W.I. Stephen [7] laWmu133 spectrophotometry d1m5UAT1ERmIUTH0
HO Tusesululasnsuduadausn nsnsaineduujisesantuvesmvanil) msnaaswilalaenis
iwutndeveunan(i) asluarsazarefill HQ wan(I) 9gn3fad narerduman(n Fsiiviunandu
Fadrulaonseiuyiinmees HO ndsndurinisasatauSamini) it ulnenisii o-
Phenanthroline F9a1ansaiinaisuszneuidsdoufuman(n Iindndusidduuns luan1iei
asazaeil pH Useanad 3 - 4

A. Afkhami uag H. A. Khatami [46] fisun353ins1erivusana HQ Tngondeuisensening
lulnsd (nitrite) way Neutral Red @dlvirnspanduuasgsgaiinimeniadunas 530 uilusns HQ
ansavinufizendu nitrite Ia nandaeiannuiserseninslulasduas Neutral Red J3anas dwna

VAN IAANGULAIEAATIAINEIAAULES 530 UIlums anad WeAududures HQ Liuy
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FEiwauntuliraseuludunsdunisnsata HQ Tursmududu 0.1 - 3.0 mg mL! wazen
LOD w11y 0.07 mg mL™

Sirajuddin waganiz [47] WaWITIATIRIIUSINA HQ asendeufisensendintuves HQ
Ty BQ fe KMnO, &1 BQ MWansganduuasgegaiianuendedunas 2455 uiluns 357
Wil dudunsdunisnsata HQ luthsmnududy 0.07 - 2.0 ug ML uazAn LOD
Wiy 0.021 pg mL? 3§ﬁﬁ@um?§u§ﬁﬂﬂﬂizqﬂm‘iﬁifmaﬁﬂ HQ Tuseg1saadsain photographic
solution

Huiying Wang [48] Wa 11358 115u3tAs1giuniUsune HQ lneede localized surface
plasmon resonance light scattering (LSPR-LS) ¥899un1ARUsEAULILY (AgNPS) ﬁLﬁmmﬂﬂﬁﬁ%ﬁ
AONG521319 HQ wae silver ammonia Tudviazanenauves sodium hydroxide waz ammonia &9

silver ammonia a@u135agn3aadlaniag HQ vinlviAndu AgNPs Tneliidesdin1siAu AgNPs seed

AgNPs 7indiuanansaganduuatasanlafinnugaaulas 430 unluwns lnefAnsaanfunasas

Y 9 Y

QQ‘Q‘IU

wsiussafuaadudutes HO Fadwamunduiliseududunsdunisnsiat HO lurasanna
i 0.4 - 2.5 pmol L™ uage1 LOD Wiy 70.6 nmol L~ F57iwmuntugminluuszgndldlunis
AAszinUTm HO Tufoehai

Eman S. Elzanfaly uwavmmiz [49] faundsfianunsaiasieiiusuansasflu-an (retinoic
acid : RA) tag HQ laluasrideddu msasiensnunsgiuilagnistuiinaidansunisganiuuas
Y9IETALAIENAN RA Waz HQ Tudnsnadiunnududusieg n51nu1nsgIuY0an15nsI9In RA Wao
ATEINIAINIAANGULAITIANEIAAY 339 nm wazAIduduves RA Tslitasamdudunsdly
N15957299A RA Tuteaududu 1 - 10 ug mL™ dunsmmunnsgueednisnsiadin HQ waonsening
ANLANANIYBIAINSAANALULAITIANLEIAAY 289.2 WAz 257.8 uilulns Lazanduduves HQ
Y ONABATLNINIAUUANANIYBIANTAANFULANTIALENIAAY 225.8 Uay 289.2 urluluns uay
auudures HQ Fslidrspmududunsedunisnsiada HQ Tudrspaududy 3 - 30 ug mL*
wazA LOD wirdu 0.24 pg mL™

Y adA

MMTUATIERNIUINI HQ femaila spectrophotometry fivofAe 1o ldiATesiinsia
laduns winfideldede n15n5137m HQ lnensatudl selectivity way sensitivity #1 189317 HQ
aandunatlugae UV wazlloyiusuatedifiamwisaganiuuadldnainueaduiedu suduses

91duN1TINU AT NeLIY selectivity Wag sensitivity

2.4.7 wiaia Flow Injection analysis (FIA)
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M.E. Rueda wazauz [50] lawmuszuu FIA saudunisasiaianiaadliirdmsvinezi
ynUTIal HQ Bssvuu FIA Uszneufeansazaneimnildlaufaiazarsogluasazangeenseuia
Siduuudn senirBuardundiuazfimamesd fidaures conditioning cell Wiordndsuniuuiesh
aonll n1snsrataniaailiinldwuwesiuda porous eraphite electrode ns19¥aluluun
amperometric mode Aannszuadildannislidndlniihmaiiuiarsazans wadaildar LOD lunis
#5790 HO Wiy 6.6 pg L1 Asfiamtugninluvssgndldlunsieseimuiunm HO ludedis
\3osdenaUszamlan- wuds

B. Gomez-Taylor Corominas kazamue [51] Wall152UU tandem-flow 7UAUNTITAIIAIN

aaa a

Amalia Luminescence d1miudiAssiviuiunn HQ lavendedjiseneandinduwas HQ Ade

A o

potassium permanganate luaisazatensndaiisn wagiieodl quinine sulphate L& ¥
benzalkonium chloride fazviliiAansidosatu Feruduiasiiiniuasdudadilnonseiu
Ui HQ Fadimuniuiflidrsnududunsdumsasiata HQ ludhsanundudu 0.1 - 15 mg L
w¥ousedn LOD iy 0.03 mg L wazaunsaiasizils 103 fedrasedalus madaivnld
Uspgniinsresimiuinn HQ ldlusegrefinannvane Téud o1 thendesy wagmanmadeuans
anddluth

Behzad Haghighi way Reza Dadashvand [52] fiau1szUU FIA S7uAUn1sRs1vinnlemaila
Luminescence Lﬁamaﬁﬁ’m HQ, catechol Lka¥ resorcinol E?Tum 2 5¢UU Imaﬁgaaaﬁwumﬁa
U§f5871n15 quenching Chemiluminescence (CL) Freansiidesnishasisiniloutu d1afunss
UfAzeiliAe CL lngszuuusnondeufizeroendindunes luminol #e N-chlorosuccinimide
(NCS) luansaransiua KOH drussuufiaasld NCS eandlad ki luidulelofy wazlelofuisly
oondlad luminol 3nafails HiaeaujAsewilwldnanfasifiansnnisuaseanulégeaniiaany
g12AdU 425 urluuns Wedl HQ, catechol w38 resorcinol TuufAzsnagsinlvinisatsnasues
luminol anad 3a7wmu1T Ul LOD Tunisnsiada HQ, catechol way resorcinol Wiy 0.002,
0.01 hag 0.3 uM ANEIAU d1UTUTEUU NCS-KI-luminol wag 0.01, 0.17 Lag 1.6 uM AINEIAY
F193UsEUY NCS- luminol wazsiedasszuuaunsaasewle 60 - 70 fedresatalus eszuu
NCS-KI-luminol TW&eyaunas backeround wae sensitivity Andnszuu NCS-luminol usiagnalsfinnu v
a09331 selectivity fisi1 ins1gifiovnisansszuuluyszgndlduiiunm HO, catechol way
resorcinol lusheehstludsundouaanuin TWien RSD g9 6% Frduanafesiinisressuusufi

WALA HPLC @1MsunIsiAsIEviufl9819939
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Deyong He agAag [53] U152 UU FIA - CL 1Wen5233n HQ way catechol layady
UT813anTunazeandintured Fe Ay H,0, 33ilviin hydroxyl radical (OH) #&9a1nuu OH
2z00nTLAd rhodamine 6G (Rh6G) tiatdundnsugivintouasls uiilu weak CL udiiied HQ vSe

catechol agviwii7ilu CL enhancer g ‘OH azaandlad HQ w3e catechol Uiy quinone Viog
Tuan1eznszhu nae91niiu quinone Jazaranasaudruiuliiu Rh6G limandundndugds
g1130li CL laasaniAinueaiy 555 uluins Asduvindusunn HQ wise catechol Tufiagna

[

110 USnauasiianeoonund 555 un-luans fdauduuasgsiie maladlfdsenududunss
Tun150159930 HQ wae catechol lutasadnuidudy 0.008 - 1 wae 0.01 - 2 me L daild LOD
Wiy 0.004 waz 0.006 me L audidiu wagldinalunisinszidesndt 60 Juriidedietia 357
annFugninluuszgndldlunisiiasesiniam HQ Tusogaiss

Lijun Zhao wazane [54] Wauszuu FIA — CL wWiiens2a3n HQ was catechol Tngende
ANAIN150VB HQ way catechol Tum'ﬁé’ué’jwﬁﬁ%m chemiluminescence ¥89 luminol-

KMnO4—B-cyclodextrin (8-CD) 13u&u KMnO; a@1u15aaendlad luminol laan1azivatindy

B3
av Al

wAnfnsitanusoly CL 1 wianAdeilinuin madu p-cD aduufATenannsoindoayiu CL ld
\fig91n B-CD aunsainuiseneandiatulalag KMnO, wagyinlviin hydroxyl radical (OH) uay
Singlet oxygen (10,) &1 OH uaz 10, 93U U luminol sy luminol ﬁagﬂuamwmzﬁu
wazfinnsnguaseonuitendugannsiiu widefimaiu HQ vie catechol asluufATen HQ uas
catechol @1unsagneandladlalag -OH waz 'O, 1Aalu quinone finaviilidmyaya CL TAanas

I [

wadaillidisanududunsdunisasiaia HQ uwag catechol Tug29ANULUTY 1 - 10 wag 1 - 20

ng mL? &adld1 LOD Wiy 0.1 wag 0.4 ng mL? arudau I5nvauvugnitluussyndldlunig

AAzvmUsunas HQ Tusiegnanannuadun

Shifeng Li wazansy [55] WaIu1s3UU FIA — CL Wians193n HQ, catechol uaw resorcinol
Inga1deA11@M15089 HQ, catechol ag resorcinol ’Lumsé’u&ﬂﬁﬁ%m chemiluminescence
¥94 luminol-NalO,~gold nanoparticles tagUn@ superoxide radical ions (Oy7) tAina1nUATeN
984 periodate (10, ) waresndauluansazarsiua wdwaniy O, 3eeendlad luminol udain
nanAmaifianisald cL 18 wd cL Aldfianududuuasd muddeinuin eold nanoparticles
anunsaviindayaa CL 16 o990 gold nanoparticles aﬂmiaﬁmﬁﬁ%mﬁum'ﬁ&gﬂﬁu N30819105
Fudluufizensening luminol wag 10, FavliAnansiiiu active oxygen A OH and O, s
Weeessanunsaeandlad luminol 1 3evili sold nanoparticles anusaiiudayana CL 1§ cL

=< o ¥

Mindudanuduuasganiininugniady 425 urlwuas allailval LOD lun1snsiadn HQ,
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catechol uag resorcinol TutasAnudngy 0.1 - 2.1 ng mL™ wagldianlun1siasizi 30 undise
fr0819 TR TuUsraunadfalunisinluussgndldlunisiiesesiniuianm catechol Tu
fhoghniussn waziogrnhdunsey

Yang Ran wasAniz [56] Waiuszuu FIA — CL Wiens193a HQ Tnsanfaminuanuisaves HQ
Tunnsdu é’?ﬂﬂﬁﬁ%m chemiluminescence ¥84 Luminol-H,0,-CdTe Quantum Dots (CdTe QDs)
UfRTemaiAn CL Sudusne H,0, vinufasertuiualuasazateiin HO, wawiile HO, viiURATen
U luminol luanigiua wagdl CdTe QDs LHuf3sUFATen agviliiAn O~ Feanunsnoendlad
luminol W& aAeanAndaeidiansald cL 16 weiaildtiinnududunsdunsnsain HQ Tudas
Aty 1 - 25 N uagAn LOD wirfu 0.76 nM 3afwmu T luyssandldmuiunm HO lu
fheghailuduandeusss

Bushra B. Qassim Kay Hamssa S. Omaish [57] Walu135zUU FIA $28AUN15A539I9N9aLUN
sTlawn3 lnesardeuisereondndu HQ Ty p-Benzoquinone #a8 KMnO, luansazansiua
wAnAeiflATATe1 Seanunsngandunasiiaeaniiannuenaduuas 610 wluwns medailfds

Aanududunssdunisnsiata HQ Tudisanududy 3 - 125 pg mL! wiauaea1 LOD iy 0.25

[
3 o

ug mL! waranunsadinsiesild 55 degrsdedalus FARmuTumiluuszgndlduiuiana HQ Tu
fhog19e1 Falaiinssuniuainansinudeivihlienasgy widmiunsussgndldvuianm HQ lu
fodrupsesdensUssamestlvimuils sufufindunounswsoudiegneiie Wemdndasuniu

Zhongcheng Wang waza s [58] Walu158UU FIA — CL Wlensa9¥n HQ Tneeide
AUANITOVDY HQ Tumié’ué’jﬂﬂﬁﬁ%m chemiluminescence 984 Luminol-H,0, ﬁLﬁ'qﬂﬁﬁ%mé’aa
Jacobsen's catalyst (Mn(lll)(Salen)Cl) Iag Mn(lll)(Salen)Cl 13eUfjiSe1n1siin CL Aen1svinunsen
§U H,0, iaLdu (salen)Mn"OOH F93zv19 819003 1ad luminol 1ty luminol radical Tu
arsaratsivaldodnssimisy ndsarndu uminol radical WaufAsereenTadusaliilu 3-
aminophthalate (3-APA¥) flagluaniaznszsu deifu 3-ApA* 34l CL ponunfininueiaduas
425 uluns Wenduganizitu uidledn HQ asluszuu HQ agutsiy Luminol ¥nufAsenu
(salen)Mn"0OH ¥1lsinstAn luminol radical was 3-APA* anas satiumngl HQ lughegiesnn A
Wunasiinuenadunas 425 uiluwns Adwenas wadadlrgrmududunsdunisnsiada HQ
Tugremuudu 0.6 - 10 ng mL™ w¥ougaedn LOD windy 0.1 ng mL? 33ARauTuYalY
Uspendldmusinas HO Tushethadszd tharnvzaany wazduma

msldwetla FIA TunisitesiginUTunu HQ dusnnaziismusaniun1snsiainmemaia

Chemiluminescence #4vinl#dl sensitivity 917 wagiluszuudnlud®d wuizunnisiiluldimsei
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AI0ENUINY LA reagent LTUNIZLD1399A0 HQ wonanUFiTIAILNg Lazdin1swIen reagent 7

ADUTNEELN

2.6 Mol

Y Aa a ¢ & Y] wa ! ° va ¢ o | aa
ANVDAVDITEUU FIA VliJﬂ']i'JLﬂi']%‘ViLUULL‘UU@WIUNG] L‘ViiJ']gLLﬂﬂ']iuqlﬂisﬁ'lLﬂi']%ﬁﬁ]'l@ﬁ]%‘i‘mll

[ [

FIUIUNIN WALVEAVDINITATIVIANAUNINTINTUNS Ao 418 wazldwIaaasianluung F9vinln

VYa v Y U Aa L3

AIY8ABINTITUNTEUU FIA S3uiun1sasiaianeaninsinlawms dmivinsginidianu HQ
TngnsnmainendeufAzend R. Belcher wag W.I. Stephen [7] tiaue Hufe ms3ad Fe(ll) Trdu
Fe(l) Toe HO 910ty Fell) fAnTuasvhufsentueslsiiuuulnsduinuasusznoudsdoudung
294 [Fe(phen):l?* Gsanunsnganduuasliagsaniinnnusnaiuuas 508 uiluans dedunisinans
Fadoutandudndiulnenssiuuiinm HO Aflufiedns BivmunTuiliiuiziie Waianudes
Tumsirseige fiarmsnnifilunsieset uagiianuiidedelunniludiessiviizana HQ
Tuirdosdien
uenanindefveanaiamaeiiliihiidanullunsiesgitagarudungaizasgs
Altihannsaiaulitvungn azmindensiiluliasgiuentios foansle dwiunansos
Tawuisfidiunasmedlslnsailunluvinaireutregs edssavsamlunsilifnvnegasudn
Tuszozianduniag dufumedailflunsnmatasidufesdinusimezagasiia Wesanly

[y LY

NAR AN INUTIT 9P UTENBUNNAINTANEFID1ATUNIUNITIATILILS fatuluuIdeddalarinnis

Y I

Wt liiinsfuwuuinnansy leeliinisusuuseintameldlunisinsied HQ Tudlegng

v

w3ssdnotlagldnsinsziiuuneaieamematalendanliaunuiuns Jendemaieufizesamiu

vodlelaseilun FeUfisensud 2.24

Quinone Hydroquinone
0o OH

| 1 + M 420 = -
0 o

o

5UN 2.13 uansUfisensanduveslalasailuy
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Wolalasailuuiinufiseninendidanttalii Fesufisenfeddesdunisatelou 2
a & ¥ a a QAI (v d‘ o d‘ ¥
Adnesau wazazlinszualwiwelufntazwalnanAdng iR Inenseuanlaazwlsnuaing

Wnduvedlalasailuy Auidsiiauauiseuisadssynaldludlsunaimseila



UNN 3

FANTUNITIVY
3.1 d@swadiuazaunsal
3.1.1 @19.A3
Yoansiadl gasiall ANUUdNE  BfouazUszme
(%) ;ﬁwa
NINDETHN CH5COOH 99.8 Carlo Erba Reagent,
(Acetic acid) Italy
l9LhedezTLnn CH5COONa-3H,0 99.5 Rankem, India
(Sodium acetate)
nsngama®n H,SO,4 98.0 Analytical Reagent,
(Sulfuric acid) India
lalasailuu CeHeO, 99.5 Acros organics,
(Hydroquinone) Belgium

wanluiflon losooulll) dainn  FeNH,(SO)»12H,0  =>99.0%  Sigma — Aldrich,
Tawnazlanse Singapore

(Ammonium iron(lll) sulfate

dodecahydrate)
palsNhuulnsauy Cy,HgN, > 99.09% Fluka Analytical,
(o-Phenanthroline) Belgium

3.1.2 gunsaluaziaTasnsradn
1. v IadTung

Jnines

Yn wag lulastis
VINgUBLIY

NaANYN

ATEUBNAIN

N R LD

YIRNIULIAN
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[

8. A3estn pH — Metrohm, 827 pH Lab Meter, USA

a

9. 1edesed - Fadaanlnsluilafines Tana Jasco V630, USA
10. gunsaldmsvasisssuulnaduantu laun
10.1 Peristaltic pump — IDEX Health & Science, ISM827B, USA
10.2 6-Port/3-Channel Injection and Switching Valve - IDEX Health & Science, V
- 450, USA
10.3 Flow through cell dwiuiaiesgd - 3a0a awnlnslnlndines - Hellma
Analytics, 178.010 — QS, Germany
10.4 PTFE tube vuaidusuAugnataniely 1.0 Tadwuns - Vic AG International,
JR - T6807 — M 25, Switzerland
10.5 Pump tube unaLdusuaudna1aniely 0.95 Iadiuns - IDEX Health &
Science, AME10 - SC0058 - 9304, USA

11. insedlasunlnnsdiveavalaussauggs (HPLO)

3.2 NSIANSEUEITAZAY
a1vazaneynaeseuaINUINAuYTIAIINlesuNlaaNtATeINERUIUTaNS (RO + Mixed
bed, Treat Chemical, Thailand) LLazmsmﬁnﬂéfa Wunsadimsuaudmsieiail (Analytical

Reagent Grade)

3.2.1 nMawseua1sazatenInsgulalasailuy
1. asazareunsgdlalnsndluu Arudud 0.01 luasodans

azanwlalaseiluy 0.0554 N3 wazusuUsumsndu 50 faddns smeuinau
2. ar9azareumsgndlalasailuy Anumdud 500 lulpsluagedns
ViUmasazansunnsgiulalasmiluy anududu 0.01 lwasdedns Meseulaaintes 1 1 2.50

fadans wazusuUsunsidu 50.00 fadanssmeuinau

3. @rsavareumsgulalnsmiluy SmsuasinsImuInTgIv
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w3enanNsUUmasazateunsgIulalaseiluy wuty 500 lulasluasiedns laasluvinia

USU95UUIM 25.00 T88an5 waU5uUSunsnigtinauauielauanusuins tneusunnsntiunway

aududulalasmiluugavneiufmisiwiuans

USnasitha anududugavingluviniausuinsuuin 25.00 185803
(Hadans) (ulasluasiadng)
- 0
0.25 5
0.50 10
1.00 20
2.50 50
5.00 100
12.50 250

3.2.2 AN5M58NANTaza8as B AAUNIWES AT 0.2 Tuasadns NLaY 3.6

1. 8158887190390 £900 YU 0.2 luanoans
YUnNTALTRANTUTU (99.8%) 2.86 Hadans LdvIninusumsvus 250 Jadans wazusu

USUMIAI8UINAY

2. @58zl ufgosdies WUty 0.2 luasoans
ava18y CH,COONa.3H,0 31131 1.36 N3 waruSuuSunsidu 50 adans metinauy
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NANEITATANUNI 2 YA (MU0 1 way 2) USUInS 231.5 way 18.5 Nadans a1uasu Usu

= 14 ¥ aa = a a
evlila 3.6 Mmegarsavanensnesdin ViolulfuuasBinm

3.2.3 MsiAsua1sazanensaganasn (H,S0,) ANMLUNTY 0.05 luanadns
YUpansaranensndaiisndudy (98%) 2.78 1adans Latuvininusu1nsvuis 1000

Ja8ans wazusuusunsamigtinay

3.2.4 n1sweseuasazatewian () Aududy 0.005 Tuanaans
3 FeNH4(SO4)»12H,0 31171 0.6027 754 Wazaie wazuSuusuinsidu 250 Tadans aae

g@15axa18nsa H,50, AMULUNTY 0.05 luasedns Mwseulanainde 3.2.3

3.2.5 N15M58NANTATA800 s WHUULINTAU AUINTY 0.05 1uanaans

FioolsAuuulnsausiuiu 2.4778 ndu uazane wazusuusuinsidu 250 1addns ey

a15a¥a18nsA H,50, AULUNTY 0.05 luasedns Nwseulaainde 3.2.3

3.2.6 NSAIPUAIDENY

'
[

1. Feimdniiednandy Lxox nfu Sudindwminfiutusy wavaratedietiindy 10
GRALE

2. ihluguitgamgil 40 ssmwaidoa Wutaan 10 wIfl

3. waisazaiedildldnasn centrifuge tube vu1n 15 faddns wazidrludumies
(centrifuge) fin11137 6000 suUsEWT Wuna1 20 Wil

4. nyosasaransiildrinuluasuuuiusuvg 0.22 lulaswns

5. deansazanedildannnsnsesavaninusuinseuin 100 fadans uwUsuUsumsaet
ndu thansazaneiluinseimusunalelnsailuudedsiwauniy uagds HPLC
vee 01995k 3eanansazanefeg i fiuiumuanumaizay Wielianududuveslslag

Aluueglut N TIATIeRlagnTIWERTIY

3.3 A5andunN1sNAaBY
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3.3.1 Anwranudululdlunisimsgdndiunalalasailuulagaidenisitugisen
SANTUVBUNAN A2ENTTIATITRWUY batch

amfgzmimamLLazsﬁy’umauﬂ'ﬁmaaqé’wq%qmmﬂﬂ']ﬁLﬂ'ﬁ'}zﬁé”J&JizUULLUU batch [59]

1. Unansazansunsgulalasailun anududu 0.01 Tuasdeding Usunsene ldluvinia
USU9S ue 25 Jaaans Lﬁ@iﬁlé’mmLﬁﬁwﬁuqmﬁwwhﬁu 0.1, 1.0, 5.0, 10.0, 20.0 lulasluasedns
AUAIAU

2. Ywmansazaeansararewndn (1) Aududy 0.05 luasedns wazaisavals oalsiuuu
58U ANULUNTY 0.1 Tuanedns uednvay 2 Jaaans tdlurinindsuinstude 1 uaidsuusunng
$8 acetate buffer pH 3.6

3. welidniy udadaiiald 3 unil

4. p319¥AAINNIgANAULAYBIENTaTaERANS e T LATIAME1IAAY 508 ulumns waz

ilvasansmunnsgiu

3.3.2 szuulwaduLandu

szuulrladuiandunlaiuunTuuanadagui 3.1

UM 3.1 szuuliaduatuiliaundud wiunsieseiusinalalasailuy; Buffer: avd-wndines
(pH 3.6) Anududu 0.2 luanedns, Felll): @arsavarewman () anududu 0.005 luanedns lu
@15a2a18nIALaNI5N AULUNTY 0.05 Tuasedans, Phen: @15avangaalsNuuulngaun ALy

0.05 luasedns luaisazatunsadaiasn Aruttudu 0.05 luadedns, PP: Peristaltic Pump (60191
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n1slua 2 Nadanseoauiil), IV: Injection Valve (300 lulasans) , Mixing Coil 1: 100 1@ URLUAS,

Mixing Coil 2: 100 lufluns wag D: 1A3837 - A awnlnsinlailines n539707 508 uluwns

3.3.3 dudunaunisaaseinidiunalalasailuulagedenisitugisensanduvas

< v a (3
wan Aeszuulnadundy
mylerzivinalalasailuulagadensinuisensanduveanan seszuu FIA Tugud
3.1 fdutunauNTIATIENAAL

1. 1§le1la Peristaltic Pump S1otausisnaqazgniuidngvie PTFE tube mugufl 3.1 Tagld

[y < 4

9n35IN5Ia 2 Haddnsreundl waggavineansng 3 i avlvauaeiun MC2lawn driesnsnay

[

Fin - lowiouezdian, a1sazatoman (I) uazeslsiuuulnsdu nadu Set Zero WlaUsudy e

A7)

IN3LOLIUALUAIALMLTY O Absorbance

2. dnansazgarsaunsglalaseiluuaududusineg Mwdoalude 3.2.1 viearsdaogned
Foamstieneidingssuuinaduandusing v Fsagvinlvinisdnansiedmnedaiivinasvesinedis
fidrgsruuminfiu Ssansiegasgnuiuliifosfungandonssuadmfidusives ndsndu

nszuavestivesazandesdegluinugsenduaisazaranan (1) uazeslsfluuulnsdu 91 MC1
da X g

wag MC2 auansiu lneunseniindududsguin 1.1 auadu

Y

' £
fa a = U ¥

3. aSHANAUYMANTUNHANTNEAMANDTNEATIIAAINITAANAURAINAIUEIIATULET

Y

508 UNLULUAT

3.3.4 N1SANYWNBNIENIIZNNUZANFINSUNITIATIZN

o [

nsmanEmugandmsunTinsilalasailuunnmsiwesazfnulagldssuu FIA

ey danandlugun 3.2 uagandunmsiinseinuinte 3.3.3
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UM 3.2 szuulnaduaatuilssiuiildiiemansiviansaudmiunsinsgivsunalalasailuy;
Buffer: azdanUvwas, Felll): ansazarewnan (I), Phen: @15azateoalsi-wuulnsau, PP:
Peristaltic Pump, IV: Injection Valve, MC1: mixing coill, MC2: mixing coil 2, MC3: mixing coil 3

a aa

wag D: w3esed - FAUa awnlnslulalines ns13dan 508 wnluluns

3.3.4.1 WovvavaIsavaIeosRnnUnines
HN15AENEIINTNAVDINLOVVRIASAzA18as TR U Ndsnanamdulilunng

AU IneeuTaenAnwAe 3.6, 4.2, 4.8 kay 5.4 Aua1AU

3.3.4.2 @tuTuvavarsasarevian (i)
¥N15ANEIBNSNaVRIAMUITUTUTDIA1TAaza1ewwan (1) Fedsuasaninulilunis

AN IngANUNTUNEan@NYIAD 0.001, 0.005, 0.01, 0.05 wag 0.1 lasedns Aua1nu

3.3.4.3 A IuTUYeIa15aza 1800l ik uulnsay
YINNSANYIDNTNAVDIANUTIUTUVBIATATA89D LWL UUINTAY TFedanamnanIull

Tunsiasest Inganuutuidendnwime 0.01, 0.05 waz 0.1 lUafanT MUAIRY

3.3.4.4 U319590987159208 1971307532 VU (Injection volume)
A15ANYI8NSNaveIUSUIRT injection volume Fadananoniulilunisimsie

TneUSuasiden@neiie 100, 300, 400 waz 500 Tulasans audsu
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3.3.4.5 995177598 (Flow Rate)

o =

MMNsAnwdNEnavewwnsInIsinavesansaraty Jedwmanonnullunisiase

s

Tngdnsinishandandnwiae 0.5, 1.0, 2.0 wag 3.0 TaaAMNTAIUIT ANUAGU

3.3.4.6 AmEInTAaeaal 1 (Mixing Coil 1: MC1)
YINSAENBIBNTNAVDIANNENY MC1 Fedswananullunisiwsied tngaiue1af

BENANYIAB 0 LAy 50 WURIAT ANUANU

3.3.4.7 AgdnTRegnnii 2 kag 3 (MC2, MC3)
INSANBBNTNAVIAINULII MC2 way MC3 fsdsnanannulilunisinsie lne

A = Y 9 &
AUYINLADNANYUUUAINITINATURNY

401N AR A21U81I MC2 (LUURLUAT) A211819 MC3 (LURLUAT)
1 50 50
2 100 100
3 200 200

3.3.5 nMsaeanawanasguitldainaniisivanzay

dloldannznmmeassiuunzaudmsunmsinmzinusualalasadluulavonduszuulna
duaatuwas Jalavinisaiensvunesgiudmsunisinssnusinalalas-ailue lneansasanesie
ausianunazgniudngssuudesnanisine 2 feddnssound ldud ansavaretiiles fev 3.6
ANUNTY 0.2 luanadns arsavareiuan (Il) uavansavaiuealsiuuulnsau aAududy 0.005
war 0.05 Tuaredns auddu luansazaronsadailasn 0.05 Tuaredns wawwinduinaisazans
wnsgrulalasailuuadnududu 5, 10, 50, 100 wag 250 lulasluasiedns Wigseuume Injection

valve US11915 300 lulasans 1neansasatsianunazmasuinginganass 2 61 Anue138ias 100

Y

[

WU Iaedounididfivaimes 1wl 30 Uil wagyiMsdnansarateunsgIuALNTY

AaluAuIAN 2

3.3.6 UssiliuAANYLLAUYRIATIATIEN

3.3.6.1 AIIUMIUYDIIZIATIEY
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luN1591ANMNLLUYRIITIATIYY YLAlAEN1TIATIERAI0E19TALATAYaNY
wesprulalasailuuanuduty 50 llasluasadng asly nuuAwIumANUTNTUIoIiI08197T

NSANANTALANYUINTTIU LATAUIUMTOLALUDINTAUNTY ANNGATAIT]

% Recovery = Spiked sample - Sample

Standard

e  Spiked sample A9 ANMULTUTUVDIAITAIDYNTINTANEITAZANY

UMY
Sample A9 A TULUNTUTDIAIAIDEN
Standard Ao ANUNTUTRsAsATaENIRsEIUFNaalY

3.3.6.2 AINUTIEYDIIZNATIZY
Tun15m1AULNE9weITIATIET 28NINTUNIINAITEALUBIEIUTERUUNINTFIY
duing (%RSD) Tavinn1siasisasazatsunsgiulalasailuumnududy 5, 10, 50, 100, 250 lu

lasluasiofing 91 3 ATY INTUMIAT %RSD AEnseell

9%RSD = SDx 100

X
= = A
LB SD AR ALUGILUUNIRTTIU

X Ao ARAY

3.3.6.3 9n917mf 19 lun139 53978 (Limit of detection, LOD) uaz¥atnnsd1galu
N15ATIATIUTI8 (Limit of quantitation, LOQ)
Tudnilidunismindrdndigalunisnsiatn wazdndidndigalunisiiaseiids

USunauvedis Awinlldniugasiiuanl

LOD = Y t+ 355
LOQ = VB + 1055



38

= & o
We g Aa  QAAWNU y
Z =) 2
S a9 ’ (yi—¥1)
n-2
= o a A 1% A A
Vi Ao ArdgaasnienulaannaIesils
9; R AFYIUNAINAITLIUAT X asluaNAITIEURTIURINTIN
UINTFIU
n Ao Fuudeya

3.3.7 as2edaunnuldldvasisinaunduiuiinsinseiusinalelasedluudlemaia
Tasunvnsaivaumnaanssausge (HPLC)

Fnsnsaiadsnalalnsadlunlusegadufivsoulsands 3.2.6 wazSeuifiouna

MFAsTILENTS FIA WaunTufiuls HPLC [26] #1033n15m19adf t — test Aissduaunidesiu

Soauaz 95 lagldaninen1svmeansdnsuis HPLC aewalUil

ABALL : HiQ Sil C18 HS Column (4.6x150 mm.;
100A pore size; 5 um particle) size

wandoudi (Mobile phase) . 1+ wnuea (80 : 20, v/V)

darnslvaveaaindoud ;1 aganssownd

Uinasiianitngsyuy . 10 lulasdng

AU MAduiinTate © 289 wlung

AL TUYDIATALALUINTTIU : 55,110, 165, 220, 275 lulasluasiodns

lalasa3luunldlunisasnansmunsgiu

3.4 mawdsutalnihuuuRaianiu

3.4.1 Msin3euniinns MUl

nswsguninns il aunsavilalaenislduvsansusudiuiuasurieguadly
d15azany poly(3,4-ethylenedioxythiophene)poly(styrene-sulfonate) (PSS) Fuduarsazareiidu
Fainlin wazinnsdrenszualiiinasiidunat 12 9lus 5507 33 (1) FeagsinleiiAa
asUszneunsudase (free graphene) aglusuuvundierundluaisazane PSS ennnaniy

Asuetnaaaylaviininlninsiumaadagui 3.3 ()
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(n) (v)

3UN 3.3 (n) gngunsallunisairansiiudassanurisansueu wag (2) viindwihnsiumas

3.4.2 N5a51992 I UURNNWENSUY
NI A UNFS 19T UTVUIR 0.8 X 4.0 [WURIAT IRswUUaI8anIUUsENaUMeUNINLe 4

a [

BIRIIUIMNTUAIEA FD

Ree

U

o—

1) Surssuaunisiladh (Conducting track)

2) Suveataliiildey wazdalulihehe (aeniiniléniounuide 3.4.1)
3) Furesialiiingneds (Ag/AeCl)

8) Suvosauanulalih (nsulator layer)

wuuangansuildAnwlunideasiduansiegun 3.4
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UM 3.4 uansdnuazveadilniuuuiiuiansy

3.4.3 n159As1znbalasad luuaeUd lWALUURNUNENTUY
Turideillavinisnsiaialelasailuuiuunenien (single drop analysis) vinlalaenisuen
arsazarelalnsmilunysuing 60 lulasdns asuuRmtnt Wins  uwuuRLRansy ¥inn1snsiada

mawmadalgadnliauniuns waztuiinleadnliaunuluunsy IneauAuan1Izruasdlnnudg

19@LANAITIVALLDEANUAY

#ndlnisudu (start potential ; (V) - 0.800
ﬁ'ﬂﬂv\lﬂ’quqm (upper vertex potential ; (V) + 0.600
ﬁ’ﬂ&ﬂﬂ/\lﬂﬂ@?ﬁ?j@ (lower vertex potential ; (V)) - 0.800
Andliianving (stop potential ; (V) - 0.800
UIUTDVVDINTITANU (number of stop crossing ; (59U)) 2
Jemnedngluii (step potential ; (V) ) 0.0200

BMIINTAWNY (scan rate ; (V/s)) 0.1000



Ui 4

NaN158LazaNUs1gNa

muATeillETRunszuuTaduendy (Flow Injectionn Analysis : FIA) T1AUN50T22TAN
anlnstiloans  wazmsimundaliinsiiudmiumsiessimusinalelasedlun Tngluunil
gnaniuna  uaveAuTenamAnuUFATen1senTein  mananemIeaesiuangal A3
Uspiliunnidnuaigsingg 1093 wasnmiszuuiifauiuliussendldlunsiesessimyiinulelag

AluUlEA0E19LAT09d1919 TINANITNTIVABUAINYNABIVBITLUUNHAM UL

4.1 wamsaneraudululd Tunisdmszimdnnalalasailuulaeandenisitujizensantu
VDAUNAN HI8N19IATIEAWUY batch

mATeiRmuszuy FA Saufunisasaiansaninslnlawmidmiunisinagsin
Usuadlelasailuu Tneenduufisennissang Fe(in Ty Fed) uazfinnnuuiuna Fe() Mintulng
n3viUJA3en1u o-phenanthroline aLduansusznouistoudnasues [Fe(phen), " muuide
9849 R. Belcher wag W. Stephen [7] (gﬂﬁ 1.1)

nsaneanudululalunisldufisensanduvesnan Tunisimsgimuinnalsalas-ailuu
MEN1TIATIEALUY batch [59] ladnwlneldansazansuinsgiulalasailuulugisanududu 0.1 -
20 lailesluasiodng anaansuiilénudn asidadou [Fe(phen)? Mfintu gandunasgeaaiinai
g1IAAULAY 508 wiluing (JUT 4.1 (n) wazilovAmsganduuasil 508 uiluwng inadrens iy
aduduvastelnsailuy duandlugud 4.1 @) wuilinsmidunsdifidndudstandnisiaauls
(R) windy 0.979 Faanansaasuldin damdululdiedliuiisedsndureananlunisiinsgsin

Usunaulalasailuu lnensindin1sganfunasnanue1ingy 508 wiluwng
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Wavelength (nm)

1.2 -
1 -
)
» 0.8 -
*]
s
E 0.6 - y = 0.050x + 0.057
2 R*=00979
< 04 -
0.2 -
0« T . T | .
0 5 10 15 20 25
[hydroquinone], LM

UM 4.1 uans (n) allansuveatansidatou [Fe(phen)* way (v) nsmunnsgiuvetasazatelalng

U

At uUlug19ANUTNTY 0.1 — 20.0 lulasiuanedns fae3swuu batch

4.2 NANTISANYILININIENIE AU ANAINSUNITIATIZI

Wlanudnufasenissaed Fel) Widu Fell) delalasailuu Sanudululanagldlunis

a

Basgvmusunalalasailuy Feldvinisesnuuussuy FIA Ingssuuieaniuuilodduuaninegy

3.2

nsAnwomanmefingandmiunisieseinisunalelasailug Mseuu FIA
Dosuiifaundu Uil 3.2) Tunsfine wasdiddudunounmsinseisudoituiade 3.3.3 s
Benannmeiimunzadlumveassasinsanananulilunisinss wazaduusyansnisaaduls
(R) saustennuiiioslunisimsiest Tnevnisdnedadosineg fidmanenisiinsen Hetladena

mannuazyaall lnsazAnwdnswansitaztady (uni-variable optimization) fsil
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4.2.1 WiaBvazBinntnines

Mnnsfnwnddeneunind (60 - 621 vnldnsuinvauFAsedinduresvdniaglelased
Tuu uazUjAzeonisifinansidetouseving Fell) fu o-phenanthroline WuUfAze iAnlaalu
fnansiifnrdifunsngeu dsdneunfudrazvhnisnaaesifierlutng 3 - 4 uaglfesBimatinlos
Tunisauauiitey nsgludinansiinnudunsags H azugsdaiu Fe?* 14viufATentuesls
Ruvulnsduld fdulshmsfnunilesvesesimadisleifidmartonulilunisiesei lasfieyi
\Fondnunfie 3.6, 4.2, 4.8 uay 5.4 MuAU KaMIANWILARSTIFUR 4.2 (1) nudilievvesesdian

a

Prlasnavualianuhlun1siesgy wasdudseansnisenaulaluiwaneneiu

(n)
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Uil 4.2 uans (n) nsmlmsgruvesansazanslelnsedluutiemnutudiu 10 - 250 lulasluasiodng

() Fyrauiilannnisiasizaisazansnuasd (3 91) WeldUnmesiitorsngg Wuaisazaiusn

pg4lsAinu lun1sneasanudn WetllevvesasavansesdinaUrinesiiuau dynuves

<

e‘dd

A13aANgLUAIRRAAUNINTY Aslandlugun 4.2 (1) ﬁqummmﬂwaﬂsmwaqﬂimgmmmLsaﬂm

-2 K

Schlieren effect FaAnTulilouaiunaniuiinansfifadudvnuueassiaiu Famuiniefievvos
ansavangeriea e SuTy &tyeyneu Schlieren effect A ARl Fu 1esanansazaneTimesifitey
qwu srflanududurenndeniniu suiuiloduaavieulsuresansazatouvasiasldindusam
avany eUANULANANTEIINIARTRnILawBsdITazate UesAuasaranguuasAuIn vinl
\Andeyay1ed Schlieren effect logs Fofusadonldsnimesiey 3.6 ensAnuilutdedus doly

wsziindayeyas Schlieren effect Uaeign

4.2.2 pnudiuduvessansazatewan ()
¥n1sEnwIAUuduYeasazatewndn (I Nduaseninulilunisimsied lngainy

WnduiiienAnwide 0.001, 0.005, 0.01, 0.05 Uag 0.1 lWasedns ANARU HANTANYILARIRIFUN
4.3

1.4 -

1.2

0.8
—— 100 uM HQ

0.6 -

y f'——'\-

0.2

—&— 250 uM HQ

APeak height

0 T T T T T 1
0 0.02 0.04 0.06 0.08 0.1 0.12

Concentration of Fe(lll),M

UM 4.3 wanansvianuduiusvesdyauntaannsieseiaisazateunsgiulalasailuuainy

Wudu 100 wag 250 lulasluanedns Muaisazanawwan (1) Aududuaieg
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INNNSANBINUIT Aenududuvasvan () 0.001 luasedns liaullunisiwsizian

a

flan mszdleanuduturestionudiazrilisnininiaufisentias Jeinlianuhlunig
sz Tuvazfienaduduveandn (1) 0.005, 0.01 uag 0.05 luasiedns Tarwlilunis
Ansgiliunnanetu waenud dearududuresansasanemingstu (0.1 Tuadedns) axvhliAn
Schlieren effect s1n¥u dwalinrahlunsieseilelnsailuuiiian fedudelildanulnes

MTIATITATR wasiiaransznuain Schlieren effect taafian Judenldarsazaraman (Il) Wudu

0.005 Wwasiodans Wensanwlumveduasoll

4.2.3 AMUTUTUVDIEITAZaN820 LS WHLUUINTAY
MINISANYIANUTUTUVDIANTar a8 s UL InsauNdInananIu i lun153Ase9 Tng
ANUNTURNANwAe 0.01, 0.05 uaz 0.1 TafednT MUAIAU NanANYILAAIAIFURN 4.4

1.2

e
co
1

0.1 M O-phen

Apeak height
o
<)

M 0.05 M O-phen

o
o~
Il

0.01 M O-phen

=
[h=]
1

0 BE T T T T T 1
0 50 100 150 200 250 300

concentration of HQ (pM)

SUN 4.4 uanansmansgIuvesansazatslalasailuy Yaennuduty 10 - 250 lulasluasioding

U

=~ v = = v v
WoltansazarueslsHuuulnTauAITUTUAN

nMsfnwmui fanudiduselsiluuungdu 0.01 Wasedns Taruillumsiesey
ifian nszdlennuiduturessiolaudiiazilisnsnisiAnujazerdias Selianalalunng
Ansigiiiign  udfiaandudu 0.05 uag 0.1 ladedns linnullumslinngilivnndaiu 39
Bdenldansavarseslsfinuulnsdududu 0.05 Tuasedns Wiensdnulufidedug dely seld

a15:AlRananiuSuuTesnIn
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4.2.4 wansAnudusWaUTUIMTvRsaIRnaEidaingszuy (Injection volume)

yhnsAnwdvinasesUiinnsvesansmiosns dedmasernuhlumsinney lngdiunsi
\dond@nwie 100, 300, 400 wag 500 lulAsans Mud U nauanafasuTl 4.5 (n) agiiiudn nsdaans
\igszuuseyinimg 500 lulasans Tanutuvesnsmumsgprundomnalilunisiinsevigsiian
wiogslsfny ilefiarsanaugsfinvesnisinszsilelasailuufinnandudusig (5 uaz 10 lalns
Tasiodns) asnudniasanes 300, 400 uax 500 lulasdnsliarugmosiialndiAsiu Fuandugy
fi 4.5 (v) Humneaudn Uinasansiogiats 3 Usinms dewasior LOD laiumnsnaitu wasssli
Prsmndudulunimsaindiaiy fduladendnansdngssuu 300 lulasang tenisdnely

Witeaus) Aol mszldusinuasiegstesnin wazldnalunsiesigsenisiegieiosnia

(M)

(V)

UM 4.5 wans (n) nsmlunasgiuvesansazatslalasailuy 4eanuduty 5 - 250 lulasluasiedng
(@) dyerauntaanmisiasizilalasailuuanududu 0, 5 uaz 10 lulasluanedns Wedafioe

IR AN IFFRIEERRE
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4.2.5 wan13AneBaNSNasnIIN1sina (Flow Rate)

Mnsfnwdninavesdnsnisivavesansazane Jsdawasoaulhilunsiinget Inedna
msluaiidendnwife 0.5, 1.0, 2.0 uag 3.0 TadansAouT AMARY NaLARITIUR 4.6 wudndleld
Snsinsluadng axlianullunmsliesgigaindt iWesnanstinalumafeufiseluriouuiy
witilofansanySinaeg1siinsesilasodalus (throughput) $aadae nslddnsinisivadig ae
L8 throughput i feusadensmsnnisiva 2.0 fadansdewit msreldmulilunmsiaszed
Tusnsinatunislésasinisinadi 0.5 way 1.0 fiaddnssewrd wild throughput unadinslédng

A5kvai 0.5 NadansAaud 09 3 Wi

g 07 - 70
= <— ¢
2 06 |
3 * B ——>f 60 5
3 2

0.5 - 50
5 O Ef
E 04 ¢ 40 &
3 A
n
s 03 - 30 %
E 2
@ 0.2 [ ] - 20
z ] g
X 01 - 10 =
7]
-9
< 0 0

0 0.5 1 15 2 25 3 35

flow rate (ml/min)

=1

JUN 4.6 nsuansanuduiusseninsauaiinvesansuinsgulalaseiluy 100 lulasluasiedng

LATERIINITUATIZN LLONANENTAIRTINITINAR1

4.2.6 nan13ANYIBNTHAAMULINTIABEARIN 1 (MC1)
31nseuuluguin 3.2 insfnwdnsnareninue1y MCL Fedmasdaninulilunisiases

HANSANWILARIAIIUN 4.7 wudndlelilll MC1 navasimegauazinines vilvlaniuduvesnsl

&

w3eAUllun1sinseiandt Weaninnisld MCL wWldluszuvagyilviansdiegnegnideans dawa

[
U =

Tduanunleanias sedudadanliltindenseniunisuaualsiiogtakasUnines weonisanwilu

A7)

Witeaue) aaly
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1.8 -
1.6
1.4 -
1.2 4

peak height
=

0.8 -
0.6 -
0.4 -
0.2

0 T T T \ T \
0 50 100 150 200 250 300

[HQ] pM

W without MC1
4 with MC1

SUN 4.7 uanansmannsgiuvesansazatslalasailuy Faennududy 10 - 250 lulasluasioding

v

oty MC1 91A18173 0 kag 50 LURLUAS

4.2.7 wan1sAnwBnEwaAMuEaTnBerasdaaf 2 uag 3 (MC2, MC3)

yinsAnwIBnEnaresnaLen: MC2 war MC3 vdsrarannulilunsiiasest lngaiue
MC2/MC3 fidondnuwide 50/50, 100/100 way 200/200 LwUALIAS AUAITU HaLandsguT 4.8
wuiAsefindeased 200/200 Waallunsiesizsigeiian esnanstinauiigelunis
yhuFAsentu wivinlildnatlunsiieszide 1 Megrumruienty fufuiadenanueniings

AoER 100/100 51219 throughput gend1 200/200 uazlimnsilalumsiiasgrioglutasdivmels

05 - - 70
’
0.45 -
o | - 60 o
T 04 - 3
2 035 50 &
s f 3
S 03 - c
= - 40 -
5 025 G
® 02 - - 303
@ < ¢ b — )
x 0.15 A L 20 §_..
2 01 - 2
< 10 2
0.05 -
0 | | ‘ ‘ 0
0 50 100 150 200 250

mixing length of both MC2 and MC3
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=

5UN 4.8 n3luansauduiiusseninenuafinvesansuinsgiulalasailuy 100 lulasluasedng

HaZENIINITIATIZN Wold MC2 waz MC3 N1ANE16199)

NnilaAnwIanelmInzaungananguaIdeiy vlalaseuu FIA Avunzausienis

Baseiilalasailuuduanddugui 3.1 uaganunsoagunan1sAnulanewisned 4.1

A13199 4.1 agunanisfinemaniisimanganlunisinssilsinalalaseiluulagendessuulng

Sunduiiiauniy

Jadedidne dasfiAnun Anfidon
Nevvesinines 36-54 3.6
ANULTuvaawian (Il 0.001 - 0.1 luanedns 0.005 luasedns
AN U 0.01 - 0.1 Tuasiodns 0.05 luanoans
polsAuuulnsdu

USU1m5v09 injection volume 100 - 500 lulasans 300 lulAsans
gnsnsiua 0.5 - 3 Uaaansnaui 2 Jaddnssound
AMUEANTIAEA MC1 0, 50 LEURLUAS 0 LYURLUAT
ANNEEINTIRBYR MC2 50 — 200 WURLLAT 100 LUALLAT
ANEEINTIADYA MC3 50 - 200 LYURLIAT 100 LOURALLANT

4.3 nsaasguitldainaniiznsmeaesiivanzay
deldannziivngandmiunmsienziviinalelasailuulnsendossuulnaduiandud
Fauunduuda Jdldvhnisaresnamainasgrudmiunsiengiliualelas-ailug lnefedises
dnuazdyanauaznamiinasgu wanduguil 4.9 uas 4.10 pud iy
nmsEnyusruy FA Aldfauntulidsemuiudunsdunsinsgiiinalelased

Tuulugeaududu 5 - 250 lulasluasedns lnedaunsidunsadu

ANEUBINA = 0.00450.00001[LalasA3lun] - (0.0022+0.0013), R? = 1

[

LALIPNIINITIATIZY 45 FE19MaTILLa
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JUT 4.9 uanahegsdyaanlianmsiiesgiasazareannsgulelasailuuaiududu 0 - 250
lulasluaredns meoszuuladulantunimuntu

12 4

Apeak height =0.0045+0.00001[HQ] + (0.0022+0.0013),
R*=1

Apeak height
o o
[=)] [#]

Q
=

02 4

T T T T 1
0 50 100 150 200 250

Concentration of hydroquinone (uM)

UM 4.10 nevinnsgiuvesansaratelalasailuugisnnududy 5 - 250 lulasluaseding

4.4 Uz iunnan ez AuYa93sLATIE

4.4.1 AMULUUVDIITIATIEH
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Tun1smauuiueeisinsien Mlalaen1sinsieniiegeidivaisazatsuinsgiulalas
A UUAMUENTY 50 tulasiuasadns adll INTUAIUIUNIAINUTUTUTD IR D89N TN15LRY

A13AEA1ULINIFTIU HALAIUIUMTOEALVDINITAUNGY (% Recovery) Hauandlunignan 4.2

A15199 4.2 HANISAIUIUMIANSDYAZYRINITIATIZIAUNGU dmsunisiasieiusualalasailuu

TusegnaueIasdranausestnnivimus

79819 aMuuduvaslalasailuy Sowazuaq
(ulasluasiadng) N13ATIEN
NSy fihuasly finsrany AUNAU
A n.d. 50.0 499 + 0.003 99.9
B n.d. 50.0 523 + 0.002 104.6
C n.d. 50.0 53.7 +0.001 107.4
D n.d. 50.0 559 + 0.006 111.8
E n.d. 50.0 542 + 0.008 108.3
F* 96.1 %+ 0.003 50.0 148.4 £ 0.02 104.6

n.d. A not detectable

6

* PRINLHTIUAIDYNTIUTITD 3.2.6 1NN5L399719978819 F 89 18 1911 ABUUILIYINNITIATIY

1nA15197 4.2 aziulainnisinsizidsunalalasadluuludioginasasdionsusennvim

A ay A Y] I | v Y A ada sa o X Ao
‘LITNNi@ﬂagﬂqﬂi‘IﬂaUagiuﬁﬁﬁﬂiaEJag 99.9 — 111.8 UUAD IFIATIEUANNRUIVUU 13J§_}ﬂ3‘Uﬂ’Ju"ﬂ']ﬂ

9AUsENaUNElUfBE1 3900lAIN A 1E AN LN VLTI AN UWLIUES

4.4.2 pruiilesrasis ez

Tunsmanuiissesidiesed arfinnsanainAfesazvesdiudosuumnnsgudusing
(9%RSD) Tnevinns3AsIzasazateuinsgulalasailuuaududu 5, 10, 50, 100, 250 lulaslug
fodns 91 3 31 nauAAITINI19T 4.3 wuth ArferazvesdiumdssuunnsgIuduMs T tound

1
1

1.15 gatlosnindosas 5 fauiddielainisliiauiedigs
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M13199 4.3 uanaA1iede dudeauuunsgiu (SD) wazdiudsuuunnsgIuduivg (%RSD) Lile
Ansziatsazatsuinsgiulalaseiluuainududu 5, 10, 50, 100, 250 lulasluasiadns 91 3 A5

AESTUU FIA NNRIUITUY

anududulalasailuu APeak Height ALady SD %RSD

(lulasluasodns)

0.0226
5 0.0225 0.0226 0.0001 0.25
0.0226

0.0431
10 0.0436 0.0436 0.0005 1.15
0.0441

0.2210
50 0.2211 0.2211 0.0001 0.07
0.2213

0.4505
100 0.4488 0.4494 0.001 0.21
0.4489

1.1261
250 1.1284 1.1290 0.003 0.29
1.1326

4.4.3 Yadfina1galun13nsaadn (Limit of detection, LOD) uasdindnfinngalunis

AAT12MT9USUaL (Limit of quantitation, LOQ)

'
o & o [

Tudruiifumamdadiamgaiunisnsatn wazdadndaniantunisinseidelsunnnes

[
=

T8 Awadlanugasaiuansil

LOD = Y + 3Sg
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LOQ = yg+ 10S;

deunuAiiiasgsildasluaunistisiu uagihafldllunuluaunisidunsavesnso
1n531u 30 lldAn LOD wag LOQ wesdBiniu 2.71 wax 9.02 lilasluasedng audéiu deiiedn
fanullumsiieneige edanudululifeni i ivauniuluussgndldnsatalelasailuulu
fhogmansdsznn dlunuitedliiludssgndlusosaadosdensssnnlasinuds

IINAUSNYULVDIIDIATIZHAINGIUMAITAU d1n50a3Unan1sAnulafnng1ed 4.4

M13197 4.4 asUnaEnwzeIsInTElumM e eivsnalalasailuulaeendessuunisiva FIA

L% =

o
NNEUUTTU

AMANEYILLAY AlA

Yrpnududunss (Wlesluasedns) 5 - 250

aunsdadunse Apeak height = 0.0045+0.00001[HQ] -
(0.0022+0.0013)

Fulszavsnisinavla (R) 1

% recovery 999 -111.8

% RSD (n = 3) < 1.15

LoD (lulasluasedns) 2.71

LOQ (lulasluasedng) 9.02

INTINTIATIEN (FegnamaT7Lua) a5

4.5 asradauanulfldve s fiwaunuAUAT I sinsiUsinalalnsailuudlemaialasunln
nyvasmalauTIauLgs (HPLC)

AT ElEvhnsnTaTausnalslaseilunlufedardesdonsdssnvilimuisimun 6
fethe Tnodaegns A e £ fuiedheiitlnglutosmanniily dausedne F dsdemsdumediun
NAANLATNAIDE9LWITITE 3.2.6 @U1501618819 A 9 E lUIAT18%01838 HPLC [26] wagds FIA
Fmunuldlnonss luvaefidiegna F deaiinisidesnsas 18 wih newhluinisinsest el
anududuvedlalasailuulumedisoglugasmsinneilaensmannsgiu sanishasgiildaintis

A9 WANIFINNSIN 4.5
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A1519% 4.5 nan15eservsunalalasailunludiegruniasdronsusennhiimuiiadeeds FIA 9

WAILNTUWELID HPLC

A8 Aanudntuvedlalasniluu (ulasluasedns)
el 35 HPLC

A n.d. n.d.

B n.d. n.d.

C n.d. n.d.

D n.d. n.d.

E n.d. n.d.

F 93.38+0.53 95.08+0.28

91NHaNITATIET linunisduleuvedlalasniluuludiedns A fs E Tuvusiidiedns F
nwunsUwdauveslalasailuuAsudiegs Wemuwindaundunuin feeg F dusuialalasailuuy
agUsrunn 19.8 Tadnsusieiegie 1 15U wazilaTeuisunanisiAsIevnlaaInis FIA 7

WAILITUAUIT HPLC a2835n15n19a@dd t-test U1 wan1satas1zviusualalasailuulugiagnaila

[ A v =~

919 2 38 lduenansiusgnslisdAey NseAunudetuiosas 95 (tayy = 0.01 < tugea = 1.81)

Feau130a7UlA IR Tullauwlugs TUseaniamnsieseiiieuwinduds HPLC way

ansatllussyndldlunisiwsendsinalslasailuuludiegiuasasdrondla

madeillpveneveunnmidy nenanumslrseidsinalslasa’ luunomai alyed Alauinms
Tnglgarladuuuiuianiu ware1@en193LASIZRLUUNEALAET (Single drop analysis) Tuuniids
nandnsAnwauanvugnnen eIt Myvssiliuaudnuaesieg 108 wagn1suisn

Wauvuluussgnaldlunsinszimdinalalasailuuludiegiunsesdians

= 4 g-’l 14 % fda & 1
4.6 HAN1IANBIAUANBULN1N1EATNVBITIIWAIAIBNARIaNIIAUBIANATOULUUEDINT A
(scanning electron micrsoscope ; SEM)
HANTSANYIFUFINLALIIUALIDENVOITN YU NUHIVOIFIBg 1milnns A ulnTouTy Tu

sULuvafifgaewmeatia SEM uaneiagud 4.11 JadunmsiuSeuiisuseninmiinansueuiiliing iy

wazding T wudnngy 4.11 (n) AwinnInseaneiivesAsusueguI Mt diugun 4.11 (v) 9

Y
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wiuldinazlinsnszaneves neudlidnwasduuiuunee) (nanosheets) wauagiua1suauIuIM
Dl Fovinlvaudnisunlnivestalninfuy Wesnnsulinaaud@nisiiig wagdaesin

Insdennuvedidnasaulaauuusinuiintng ludn

(n) ()

JUN 4.11 awene91n SEM vea (n) Balnihfiariansueu way (v) talwdiusing ity

971NN1309999Aa1sazaeu1nIg1ulalasailuuaududy 0 89 5.0 fadluanedns u
arsazatereamatiiosainududu 01 luadedng ey 70 demedalsednbawmems lagld
FAlwdn s AusuuRnansu ¥an1shesiziuuuneniien (single drop analysis) Tnanisnen
asavaneanasgiulalasedlunuiines 60 lulasans asuufmidaliihayls Teadnlraunluunsy

AIFUN 4.12 WU nIzlanAlvfnkazieluAniUIRumuAulLdureslalasailuy
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JUT 4.12 suuandead nhauvsibunsreensavaesnasgulalasei i rudadu @nafieh): 0, 0.25, 0.5,
1.0, 2.0, 3.0, 4.0, waz 5.0 Nadluasedans hwarsazargnaaNaTWnes A1UTUTY 0.1 1UaRBaAnNS
MAaY 7.0 N9N51N158WAN 100 Hadlianmeiud tagldtalwidln ns AukuuRNnansy wazldnns

NATTALUUNLRLFEN

Wetwansweanseuawalnaninilelasadluuuazliilalasailuu (AL) AUANULINTUYBS

P

ansazateuInsgulalasadlunaInasnnsMuINggIu WU NFINNINTFINVBINTERALALNAN LAY
anudurensminsgiusazeududusssiniinisnasansinienssuawaluin feiuluanuide

Uiudennasnnsmunasgiulaeerduauduiusvesnssuawalvinduanuduturedlalnsniluy 69
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O L] L} L} L} L} 1
0 1 2 3 4 5 6

[Hydroquinone] (mM)

SUN 4.13 nTIMUINTFIURAAIANNFURUSTENTNAA1YBINTELARALNANAUAIUTNTUaNTazane
ey ulalasen uu luansasmeneamsinines enududu 0.1 a8 Wadedins ey 70 9u5IN5awY 100

Naahadsei i WneldlninnsWuwouiaaniu
NNNFMIATFIN (GUN 4.13) agldrnannududunsiwainisnsinin fie dasmnududy 0.1
04 5.0 Nadluaredns lnedauni1sidunsy Ao

Alc (UA) = 9.786+1.013 [Anududuvadlalasailu,(mM)] +3.511+0.360 dA1 R? = 0.993

AENYLLALYBNITIAT BRI AN T Y anansaazuranIsAnwlafnIsen 4.6

M15197 4.6 asuAudnYrYeITIATIilunTinTilsinalslasailuuiismaialadnliauny

w3 laglggalwinsfuluuinianiu wazerfunsiasizinuuneaien (single drop analysis)

AMANYLLAY Al
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Prpududunss @adlualuanodns) 0.1-50

AUNISLTLEUAT Al (UA) = 9.786+1.013 [HQ] (mM) + 3.511
+0.360

FulszAnsnissnavla (R) 0.993

% recovery 87 - 114

% RSD (n = 5) 0.63

LOD (fiadluasadng) 0.07

LOQ ({iadluasiodng) 0.23

[HQ] = AU TUvadlalnsAd Ly

4.7 Anwnadiesnm (stability) vesdalnfnsfunuuiurianiy

nsfnvadesn et ihnnituwuuiuianiulaensintaasazareasgulalased
TuuAduTe 1.0 Sadluadadng viin1sneass 17 1u memalialendnhavuam’ Nan15naasd
wansdagUil 4.14 9annsmanes wud1 aunsaldaldesnstion 17 Su Tnelimamslinsesilndifei
otslsfnnnionnlunaeionansarasinaspulalasedlunluazadsiinma olildnanan

grsazansanspuieiudsilinssualih iiadudsunUaduidnies

30

25 A

15 4 4

I/pA

[

sUN 4.14 nsmuansarnszualiiinlaainnislddaluinsiuwuuiiniansumulunsinsey
ansavansunsgulalaseiluumnuduty 1.0 dadluasdedns (n) vaedl 1 (V) ¥I09 2 waz (A) VA7
3 Tuansazaneneamndnivas Aududy 0.1 Jadluasiedns Akay 7.0 9rsIN1sawNY 100 Tadliad

AU
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1 ad al

AATILRANTFIeg19N T WU TULAT LOD wirdu 2.71 lalasluasedns deflanulalunis

[y

AAsengelnaifeaiuds HPLC [26] el LOD Wity 0.73 lulasluasedng wenainiszuud

' [ £
aaa v = =] ¥

v £ oo [ L va o el = a L4 o 6
Waungudlianududnlud® vinlvdianuisdunisiaseias FFnMautuligninludssgndly
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[ ' [ ¥
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A Spectrophotometric Flow Injection for Determination of Hydroquinone in Cosmetics
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Abstract: A flow injection (FI) with spectrophotometric detection is presented for
hydroquinone determination. The detection principle is based on the reduction of Fe(lll) to
Fe(ll) by hydroquinone. In the presence of o-phenanthroline (phen), Fe(ll) reacts with phen,
giving a colored complex of [Fe(phen)s]**. The formation of resulting complex is
proportional to hydroquinone concentration, which can be spectrophotometrically monitored
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at 508 nm. Chemical and physical parameters which influence to the detection were
investigated. Under optimum conditions, a linear range for determination of hydroquinone
was obtained from 5 to 500 umol L. The FI method provided high precision (%RSD < 1.15)
and high throughput (45 samples h). The method was applied to determine hydroquinone in
skin whitening creams. Analytical recoveries were found in the range of 99.9 to 111.8%,
demonstrating no interference by sample matrix. Moreover, the developed method was
validated against HPLC method. The results obtained by the developed FI and those obtained
by HPLC were not significant difference at 95% confidence level.

Keywords: Cosmetics; Hydroquinone; Flow Injection; Spectrophotometric Detection
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A graphene modified carbon paste sensor (or so-called graphene based sensor) was developed for
electrochemical detection of hydroguinone. The sensor was fast fabricated using screen-printing
technique. By integrating three fundamental electrodes on a single device, the sensor is small and
portable. A determination is based on a one drop analysis. A 60 uL-drop of sample was placed onto
the sensor prior to cyclic voltammetric measurement. The method relies on green analysis since it
lowers the consumption of sample and waste generation. Under the optimal conditions, a linear
calibration was achieved in range of 1.0 x 10 to 5.0 x 10 M hydroquinone. The detection limit was
7 x 10° M, a sensitive adequate for measuring hydroquinone in cosmetic products. The sensor
provided good precision (%RSD = 2.78) and accuracy (recoveries = 87-114%), with analysis times of
less than a minute. The sensor was applied to determine the presence of hydroquinone in whitening
creams. The results obtained from the developed sensor satisfactorily agreed with the HPLC method,
indicating the reliability of the method. Due to its advantages in terms of rapidity, low-cost and
portability, the device is a viable choice for on-site screening for hydroquinone contamination in
whitening products.

Keywords: Electrochemical detection, Graphene, Hydroquinone, One drop analysis, Screen printing,
Cosmetics

1. INTRODUCTION

Skin-lightening products have received a lot of attention in Asian countries including Thailand.
This is due to the desire of people in some countries to have a fairer skin color. In Thailand, over 60%
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of face creams sold in the market have whitening agents among their ingredients [1]. Whitening
agents commonly put into lightening products include ascorbic acid and its derivatives, alpha- and
beta- hydroxyl acids as well as herbal extracts. Although these compounds have regulatory and safety
perspectives, efficacy on skin lightening requires long-term use. Hydroquinone is a known effective
depigmenting agent, however its side effects are the subject of controversy [2]. Hydroquinone
containing cosmetics are still allowed (up to 2%) in the US but have been banned in Thailand for
decades [3]. Unfortunately whitening products contaminating hydroquinone are occasionally found in
local Thai markets. Consequently, there is random checking by Thai Food and Drug Administration
(FDA) to find products contaminated with hydroquinone.

Various techniques have been exploited to determine the presence of hydroquinone. These
include high performance liquid chromatography (HPLC) [4,5], spectrophotometry [6] and
electrochemistry [7-9]. Among all them, electrochemistry offers a fast response, simple operation and
possible miniaturization that support the technique so that it can be suitable for field-application. In
the literature, there are many attempts focused on electrode modification to improve sensitivity of
hydroquinone detection. Various materials such as NiO/carbon nanotubes [7], CuO/carbon nano-
fragments [8] and MoSz/graphene oxide [9] have been proposed as electrode modifiers. These
modifiers were synthesized and incorporated onto a glassy carbon electrode (GCE) using a drop
casting approach. The modified GCE showed superior response and was applied for sensing of
hydroguinone at low level in water samples, i.e., tap water and river water. However, a conventional
GCE is relatively large in size and requires a considerable sample volume (milliliters) for analysis.
The homogeneity and stability of an electrode fabricated by drop casting is also addressed [10]. The
modifier that has been physically adsorbed onto the surface of an electrode may be gradually stripped
off in long term operations.

Graphene is a two-dimensional carbon material, in which the carbon atoms are arranged in a
hexagonal lattice resembling a honeycomb [11]. Graphene possesses a large specific surface area and
has excellent electrical conductivity. This material is frequently employed as an electrode modifier to
promote electron transfer between a target analyte and electrode, leading high sensitivity of detection.
Karuwan et al. developed a graphene modified carbon paste electrode using screen printing approach
[12]. Graphene was synthesized and mixed with carbon paste. The mixture was screen printed onto a
thin substrate using a commercial inkjet printer. The screen printed graphene-based electrode
exhibited good performance for analyzing various compounds. These compounds included, hydrogen
peroxide, nicotinamide adenine dinucleotide and ferri/ferro cyanide. With the screen printing
approach, large numbers of electrode can be obtained in one production run. The screen printed
electrode has advantages over the conventional GCE in terms its cost, disposability and size. It is
therefore considered a potential tool for on-site applications.

There have been reported uses of screen printed electrodes for determining levels hydroguinone
in cosmetic products.  Yang et al. proposed a flow injection system coupled with electrochemical
detection for quantifying hydroquinone in whitening creams [13]. The detection unit was composed of
an electrochemical cell with three individual electrodes. A screen printed disk carbon ring electrode
was fabricated and used as a working electrode, while conventional Ag/AgCl and Pt electrodes were
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employed as reference and counter electrodes, respectively. However, use of this three electrode
system is sometimes inconvenient. A flow injection method typically generates considerable waste.

In this work, an electrochemical graphene based sensor was developed by combining three
electrodes on the single device using a screen printing approach. The sensor was small (0.8 cm wide
and 4.0 cm long). The graphene sensor enhanced sensing response compared with a carbon electrode.
A determination of hydroquinone can be performed based on a one drop analysis [14,15] by directly
dropping a minute volume of sample onto the device prior to cyclic voltammetric measurement. With
the proposed sensor, a conventional electrochemical cell is no longer need.  The method presented
here is considered green and low-cost, as well as suitable for field-analyses. The performance and
application of the sensor to commercially obtained cosmetic products is discussed in the following
sections.

2. EXPERIMENTAL

2.1 Chemicals and instruments

Deionized water (Zeneer Up900, Korea) was used throughout the experiment. Hydroquinone
was purchased from Acros Organics (Belgium). NaH2POs-H>O and Na;HPO4-7H.O were acquired
from QRec (New Zealand) and Panreac (Spain), respectively. A 0.1 M stock solution of hydroguinone
was prepared with water. A series of working standard solutions was daily prepared by appropriate
dilution of the stock solution. NaH:PO4-H.O and Na,HPO47H.O was used to make a 0.1 M
phosphate buffer (pH 7.0) which served as a supporting electrolyte.

A potentiostat (PGSTAT 128N Metrohm, the Netherlands) was employed for cyclic
voltammetric measurement.

2.2 Fabrication of screen printed graphene-based sensor

Graphene powder was synthesized by electrolytic exfoliation in a polystyrene sulfonate
solution as reported elsewhere [12]. The obtained graphene powder was thoroughly mixed with the
carbon paste at a weight ratio of 1 to 9.

In this work three integrated electrodes were fabricated as a single device. The electrode
alignment was designed using Visio. The fabrication consisted of three steps. Firstly, the
graphene/carbon paste mixture was screen printed onto a polyvinyl chloride (PVC) substrate to
construct the three electrodes. The screened substrate was dried at 60°C for 5 min. Next, Ag/AgCl
paste was screen printed onto one of the electrodes to form the reference electrode. Here, the two
existing graphene electrodes act as working and counter electrodes. The screened substrate was again
dried at 60°C for 5 min. Finally, an insulating layer of polyurethane was screened printed onto the
three electrodes to define the detection area. The screened substrate was then dried at 60°C for 5 min.
The fabricated sensor is shown in Fig. la.



Int. J. Electrochem. Sci., Vol. 14, 2019 4

(@)

I 4cm
T
0.8 CT K/: } Connect to potentiostat
N !

RE WE CE insulator

(b)

Potentiostat

60 uL ’

Graphene-based sensor
(side view)

Figure 1. (a) A screen printed graphene based sensor with three integrated electrodes (top view)
(WE: working electrode, RE: reference electrode and CE: counter electrode) and (b) An
experimental set up for one drop analysis of hydroquinone

2.3 One drop analysis of hydroquinone

One drop analysis with cyclic voltammetric measurement was used for hydroquinone sensing.
1.00 mL of a standard or sample solution was thoroughly mixed with 1.00 mL of 0.1 M phosphate
buffer in a vial. Subsequently, a 60 uL-droplet of the mixture was placed onto the screen printed
graphene sensor using a micropipette. This volume of sample formed a droplet that covered all of
three electrode surfaces of the sensor. The experimental set up is illustrated in Fig. 1b. Cyclic
voltammetry was done by scanning three cycles over the potential range of -0.8 to +0.6 V with a scan
rate of 100 mV s,

2.4 Sample preparation

Various brands of whitening cream were randomly purchased from local night markets and
from the Internet. Some of these samples did not have a FDA registration number on their packages,
meaning that they were not subject to FDA approval. Three grams of cream were accurately weighed
and then 25.00 mL of water was added with moderate stirring. These sample solution was incubated in
a water bath at 40°C for 20 min. The extract was centrifuged at 5000 rpm for 60 min, and
subsequently filtered through a 0.45 um nylon membrane before analysis.
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2.5 Comparison method

The results of hydroquinone concentration in whitening creams obtained from the developed
sensor were compared to those obtained from a HPLC method [5]. Analysis was performed in
triplicate using an HPLC (Waters 486 Millipore Corporation, USA) with a UV detector. Separation
was carried out under the following conditions: HiQ sil C18 HS column (150 x 4.6 mm, 5 um),
isocratic elution with water:methanol (80:20 v/v) mobile phase, 1.0 mL min?* flow rate, 10 pL
injection volume, 289 nm absorbance measurement, and a column temperature of 25°C.

3. RESULTS AND DISCUSSION

3.1 Characterization

A graphene modified carbon paste composite was used for fabrication of the screen printed
sensor. The morphology of this material was examined using scanning electron microscopy (SEM).
As shown in Fig. 2, polygonal nanosheets of graphene were distributed among fine carbon
nanoparticles. The graphene sheets were very thin and semi-transparent to electrons. Their
dimensions (width and length) were approximately 250-400 nm. Graphene increased the active
surface area of the modified electrode and electron transfer was more pronounced [12].

carbon nanoparticles

¥

graphene nanosheet

Figure 2. SEM image of graphene modified carbon paste composite

3.2 Electrochemical behavior of the screen printed graphene based sensor

The electrochemical performance of the screen printed graphene based sensor was investigated
by comparing it with that of an unmodified carbon paste sensor. In this study, a [Fe(CN)s]*>"* solution
was used as an electrochemical indicator [16]. Cyclic voltammograms of the test solution using both
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sensors are shown in Fig. 3. With the unmodified sensor, lower current peaks of the redox reaction
were observed, while more pronounced peaks were achieved using the modified sensor. The graphene
based sensor was clearly more effective than the unmodified carbon paste sensor.

20
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ER
5
= —— Graphene based sensor
s -10
© —— Unmodified carbon paste sensor

20 T~/ background graphene based sensor
----- background unmodified carbon paste sensor
|
-0.2 0.0 0.2 0.4 0.6

Potential, V

Figure 3. Cyclic voltammograms of the graphene based sensor for a 3.0 x 10 M of [Fe(CN)s]*"*in a
0.1 M KClI solution, compared to an unmodified carbon paste sensor
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Figure 4. (a) Cyclic voltammograms of hydroquinone (0 and 1.0 x 102 M) in a 0.1 M phosphate
buffer (pH = 7.0) on a graphene based device with scan rate of 100 mV s and (b) A plot of
anodic and cathodic peak currents vs. square root of scan rate (v Y2) under the test solution,
1.0 x 10 M hydroquinone in 0.1 M phosphate buffer pH 7.0
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The electrochemical behavior of hydroquinone in 0.1 M phosphate buffer (pH = 7.0) using
graphene-based sensor was further studied. Fig. 4(a) shows well-defined anodic and cathodic current
peaks of hydroquinone appearing at 0.22 and -0.36V, respectively. The reaction is reversible, which
involves a two-electron transfer between hydroquinone and its oxidized form of benzoquinone [8].

The effect of the scan rate was examined in detail to elucidate the electrochemical process of
hydroquinone at the graphene sensor. A solution of 1.0 x 10 M hydroquinone was analyzed at various
scan rates ranging from 10 to 200 mV s, It was found that both the anodic (ls) and cathodic (Ic) peak
currents increase with increasing scan rate. A linear relationship was observed between the peak
currents (I, and I¢) against square root of the scan rate (v*2) (Fig. 4(b)). The linear relationship was Ia
(LA) = 1.461v 2 + 2.374; R? = 0.994 and I (uA) = -1.272v Y2 - 0.104 with R? = 0.990. This
confirmed that a diffusion-controlled process dominated the redox reaction at the sensor [17].

3.3 Effect of pH and ionic strength

In previous work [7,9,18], phosphate buffer had appropriate properties for use as an electrolyte
in electrochemical detection of hydroquinone. Therefore, phosphate buffer was selected as the
supporting electrolyte in the current study. Since the pH and ionic strength of the buffer critically
influence the sensitivity of detection, these two parameters were extensively investigated.

The effect of pH of phosphate buffer on the response of hydroquinone at the developed sensor
was investigated at pH values of 5.8, 7.0 and 10.0. Fig. 5 shows that the highest sensitivity was
attained at pH 7.0, which agrees with earlier reports for detection of quinones [7,9,18]. The redox
reaction of hydroquinone is proton-dependent (see the chemical reaction in Fig. 4(a)). In an acidic
solution (pH 5.8), excess protons may hinder the redox of hydroquinone.

20 .
e PHT7.0

15 .
< ¢ pH5.8
=
o 10 - pH10.0
<

5

()
0 v L] 1

0 02 04 06 08 10
[hydroquinone], x 10-3 M

Figure 5. Effect of pH on the cathodic responses of hydroquinone, Alc is a difference in cathodic
signal of hydroquinone and blank solutions. The conditions were a 0.1 M phosphate buffer and
a scan rate of 100 mV s,
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Alternatively, when the pH value was high (pH 10.0) hydroxyl groups on graphene structure
and hydroquinone molecule may become deprotonated. Electrostatic repulsion between the negative
charges of electrode and analyte caused a dramatic decrease in sensitivity. Consequently phosphate
buffer at pH 7.0 was selected for subsequent experiment.

The effect of ionic strength was tested at pH 7.0. The concentration of phosphate buffer was
varied at 0.01, 0.1 and 0.5 M. No significant difference in response obtained. In this work, 0.1 M
phosphate buffer was chosen.

3.4 Effect of sample volume

The optimal volume of sample for one drop analysis was determined by dropping various
sample volumes (i.e., 40, 60 and 80 pL) onto the sensor surface. It was visually observed that a 60 uL
was the smallest volume that covered all of the electrode surface. A reproducibility of analysis was
studied under this condition. A 60 pL aliquot of 1.0 x 10 M hydroquinone was applied to the sensor
surface before voltammetric measurement. The relative standard deviation (RSD) of analysis was
found to be 1.03% (three replicates). This indicated that a 60 plL-droplet was suitable for one drop
analysis since it provided reproducible results. Therefore, this volume was selected for use in the next
experiment.

3.5 Stability of graphene based sensor

The sensor signals attained on consecutive days were recorded to demonstrate a stability of the
graphene based sensor. The same sensor was used to measure a 1.0 x 10° M hydroquinone solution
for 10 days. When the sensor was not in use, it was stored dry at room temperature. A slight decrease
in the current signal was observed after 10 days. The ten-day signal was about 95.9% that of its initial
response. The stability of this sensor is comparable that of other electrodes used for detection of
hydroquinone [7,9]. Here, it is noteworthy that the developed sensor offers simple fabrication and
operation with good stability and reproducibility.

3.6 Performance of the graphene based sensor

After obtaining the optimal conditions, the analytical performance of the sensor was examined.
A cyclic voltammogram was done, scanning from -0.8 to 0.6 V, at a scan rate of 100 mV s*. The
anodic and cathodic responses were linearly proportional to the hydroquinone concentration over the
range from 1.0x 10 to 5.0 x 10° M (Fig. 6). In this work, the cathodic current was used to
quantitatively analyze hydroquinone concentration, since it gave a bit higher sensitivity than that of
anodic current. Linear regression was done yielding the following equation:

Alg, pA = (9.98+0.35)[hydroquinone], x 10 M + (2.82+0.91)
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where Al is the difference in cathodic peak current of hydrogquinone and background (blank).
The limit of detection (LOD) and limit of quantitation (LOQ) were estimated based on 3 times and 10
times of standard deviation of blank signal. The LOD and LOQ were found to be 7 x 10> M and 2
x 10 M, respectively. The sensitivity of the developed sensor is sufficient to quantify hydroquinone
levels in cosmetics.

60
S 40 e
13 20- £
60 - ey
< 40{ o0 1 2 3 4 5
= [hydroquinone], x 103 M
— 20
c
>
O 20 %
-40 1
-60

08 -06 04 -02 00 02 04 06
Potential, V

Figure 6. Cyclic voltamograms of hydroquinone with various concentrations (from 1 to 9: 0.0, 0.1,
0.25, 0.5, 1.0, 2.0, 3.0, 4.0 and 5.0 x 10 M). The inset shows the corresponding calibration
plot. The conditions were a 0.1 M phosphate buffer pH 7 and a scan rate of 100 mV s

Moreover, the precision of the method was checked by measuring blank signals for five
replicates. A RSD of the measurements was found to be 2.78%, indicating good precision of analysis
was achieved. A voltammetric measurement can be completed within a minute, which is more rapid
than other techniques such as HPLC [4,5] and spectrophotometry [6]. This sensor enables fast and
inexpensive analysis with a portable device which makes it attractive for on-site applications. Table 1
lists the comparison of analytical parameters for hydroquinone using different electrodes. As the
results showed, the current sensor provides a wide linear range and comparable precision of
measurement to the previously reported [7-9,13,18].
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Table 1. Comparison of the analytical parameters for hydroquinone detection using different

electrodes
Electrode Technique” Linear range F(’([/‘: g;‘g; Sample [Ref.]
NiO/CNT glassy carbon DPV 0.01-0.5mM 3.6 Tap water [7]
electrode
CuO/CNF glassy carbon DPV 3-80uM - River water [8]
electrode
MoS2/RGO glassy carbon DPV 1-9nM 35 Tap water [9]
electrode
NiO/NPs/BMITFB carbon SWV 0.1 -500 uM 2.2-38 Tap water [18]
paste electrode Waste water
Preanodized screen-printed AP 0.002 - 1.45 mM 08-23 Cosmetic [13]
carbon electrode products
Screen printed graphene Ccv 0.1-5.0mM 2.8 Cosmetic This
based sensor products work

“DPV: Differential pulse voltammetry; SWV: Square wave voltammetry; AP: Amperometry;
CV: cyclic voltammetry

3.7 Application to cosmetic samples

The graphene based sensor was used to determine hydroquinone in whitening creams to verify
practical application of the developed device. After sample preparation, the extracts of sample Ato H
were directly analyzed, whilst the extract of sample | and J needed 12-fold dilutions before analysis.
The results are summarized in Table 2.

Samples A to H were hydroquinone-free, however sample | and J were contaminated with
hydroquinone. It was found that samples | and J contained 0.026 and 0.018 grams of hydroquinone
per gram of cream, respectively. For comparison purposes, a HPLC method [5] was employed for
determining hydroquinone in those samples. All samples were spiked with 1.0 x 103 M of
hydroquinone and then analyzed using the graphene sensor and HPLC. Two sets of results were
statistically compared using a paired t-test. No significant difference at 95% confidence level was
found between the two methods (tstat = 0.92, teriticat = 2.20). This revealed that the developed sensor is
reliable for quantitative determination of hydroquinone. Additionally, the recovery was studied.
Acceptable recoveries were obtained, in range of 87-114%, reflecting that other cosmetic ingredients
did not interfere the analysis using the developed sensor.
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Table 2. Comparison of hydroquinone levels found in whitening creams using the screen printed
graphene based sensor and HPLC method

Add (x 10 M)

Found (x 10 M)"

S Graphene sensor HPLC SEEDNER7 (6

A - n.d. n.d.

1.0 1.06 +0.05 1.06 +£0.09 106
B - n.d. n.d.

1.0 1.14 + 0.04 1.17 £0. 30 114
C - n.d. n.d.

1.0 1.08 +0.02 1.37+0.07 108
D - n.d. n.d.

1.0 1.09 +0.01 1.35+0.09 109
E - n.d. n.d.

1.0 1.09 +0.01 0.97 £0.05 109
F - n.d. n.d.

1.0 1.04 +0.01 1.00 £0.02 104
G - n.d. n.d.

1.0 1.05+0.04 1.14£0.20 105
H - n.d. n.d.

1.0 0.95 +0.02 0.68 +0.30 95
I - 2.43 +£0.01 1.33+1.00

1.0 3.30+0.02 3.46+0.10 87
J - 1.68 + 0.05 1.57 +0.08

1.0 2.58 + 0.01 2.21+0.30 90

Tdetermination was performed in triplicate
n.d. = not detect

4. CONCLUSIONS

A screen printed graphene based sensor is presented for fast and reliable detection of
hydroquinone. A combination of three electrodes on a single device miniaturizes the sensor enabling
easy use outside of the laboratory. Analysis of one drop of solution (60 uL) lowers the consumption of
sample and waste generation, making it a green method of analysis. The sensor has enough sensitivity

(LOD =7 x 10 M) to detect hydroquinone in whitening products. Additionally, the developed sensor
showed good stability and reproducible performance.

ACKNOWLEDGEMENTS

This device was used to determine
hydroquinone concentrations in commercially obtained whitening cream samples. The results
correlated well with the HPLC results. Therefore it is a promising method for screening hydroquinone
in adulterated cosmetics.



Int. J. Electrochem. Sci., Vol. 14, 2019 12

This work was supported by the KMITL Fund (KREF 046002) and the Thailand Research Fund (MRG
6180185).

References

1. O. M. Secara and D. V. Sasu, The impact of globalization in the industry of cosmetics, Annals of
Faculty of Economics, University of Oradea, (2013) Romania.

2. M. Matsumoto, H. Todo, T. Akiyama, M. Hirata-Koizumi, K. Sugibayashi, Y. Ikarashi, Y. Ono, A.
Hirose and K. Yokoyama, Regul. Toxicol. Pharm., 81 (2016) 128.

3. Cosmetic control group, Thai Food and Drug Administration (FDA),
http://lwww.fda.moph.go.th/sites/cosmetic/Pages/Main.aspx.

4. J.S.Jeon, B. H. Kim, S. H. Lee, H. J. Kwon, H. J. Bae, S. K. Kim, J. A. Park, J. H. Shim, A. M.
Abd EI-Aty and H. C. Shin, Int. J. Cosmetic Sci., 37 (2015) 567.

5. P. Lopez Garcia, M. I. Rocha Miritello Santoro, E. R. M. Kedor-Hackman and A. Kumar Singh, J.
Pharm. Biomed. Anal., 39 (2005) 764.

6. M. Esteki, S. Nouroozi and Z. Shahsavari, Int. J. Cosmetic Sci., 38 (2016), 25.

7. L.Zhao,J. Yu, S. Yue, L. Zhang, Z. Wang, P. Guo and Q. Liu, J. Electroanal. Chem., 808 (2018)
245.

8. L. A. Alshahrani, L. Liu, P. Sathishkumar, J. Nan and F. L. Gu, J. Electroanal. Chem., 815 (2018)
68.

9. Y.Peng, Z. Tang, Y. Dong, G. Che and Z. Xin, J. Electroanal. Chem., 816 (2018) 38.

10. S. Cinti and F. Arduini, Biosens. Bioelectron., 89 (2017) 107.

11.J. Xu, Y. Wang and S. Hu, Microchim. Acta, 184 (2017) 1.

12. C. Karuwan, A. Wisitsoraat, D. Phokharatkul, C. Sriprachuabwong, T. Lomas, D. Nacapricha and
A. Tuantranont, RSC Adv., 3 (2013) 25792.

13. H. -H. Yang, H. -H. Ting and Y. Shih, Anal. Methods, 8 (2016) 5495.

14.J. -M. Zen, T. -H. Yang, A. S. Kumar, Y. -J. Chen, J. -C. Hsu and Y. Shih, Electroanal., 21 (2009)
2272.

15.Y. Zhao, L. Xu, S. Li, Q. Chen, D. Yang, L. Chen and H. Wang, Analyst, 140 (2015) 1832.

16. S. Reddy, B. E. K. Swamy, S. Ramakrishana, L. He and H. Jayadevappa, Int. J. Electrochem. Sci.,
13 (2018) 5748.

17. N. Elgrishi, K. J. Rountree, B. D. McCarthy, E. S. Rountree, T. T. Eisenhart and J. L. Dempsey, J.
Chem. Educ., 95 (2018) 197.

18. H. Soltani, A. Pardakhty and S. Ahmadzadeh, J. Mol. Lig., 213 (2016) 63.

© 2019 The Authors. Published by ESG (www.electrochemsci.org). This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution license
(http://creativecommons.org/licenses/by/4.0/).



http://www.electrochemsci.org/

83

AMARNUIN A



84

ANSNAABIN 9

nsudsunalalasadluunvuilaulunsasdranalaamatingialasInlauns

WE1INAE 551N

1. Inguszasn
1) weAnwnannsaalastnleuns
2) #nw135nsiaiAsesalalasinladines

3) WieAnw N smadaalalas oy llgmusunalalasailuulunsadang

2. ANNIS

luunilagnantauninslilawmininegiiunisgandulasesanstudidaidamiiu viall

WennniesesllenemansnneitesreudieiisnagnuazimiizadlunulSnaiinnesiivssiu

2.1 MIganaulasvaasiudadida

IS a a

fansduniduageliuniddnuuunniiannsamusnalalaensinnisaanaunaslug ey

¥ ' '
L @A ) aaa LY A

WUa vanidfgylusestiifeasifesnsmusuaagiesdiavsoaunsavinuiisenduansduwavinlva
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Vinansidld lunmangud) ansaganenidntdlunuiwmseiaisilaudisil

1. Avesansarsiianudusnwenrianisganiuvediadls dasinansuulsUsenaumieans
oy a ¢ o % v &
el eiludnnudntesing

2. dvesansnegluansazaivazdetngiiliniategasing,

3. AvosansezseliiUisunamientsas e pH vieaumgilvesarsazatuwasuudasly
[ 1
ntley

sa o a o a

4. @153 UANIIiAREA U5 ReIN153AT 18 FeAadlilld vTeluganfuuasniivgng
AAWAEINUANTNTETAATY

aaa = s o § ¥ a Aaa A v a ¢ v v Aaa a o
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aa a 1% 1 a [y 1 PP va & = 1 < =
wanFidalsenoumerispdunay o vesaunasy dsuasniandidunauiiimdniniy &

= =

LAAZYI9AAUIETFANIZAIANUITONDWAUAILAT YIPAUVDILAINNENIUT 2TV IAAUAILS 380

PR (hasda9) D9 780 UNLULUAT (LasdLhag)

(%
ddd v

wasfisenoudeuasiifdisnduroasifdomn smazueafiunasiuduuasivn udduasdnis
vievanedgninesnluainuasdun muyudaztoadfiuuasiufaduiuiisudsauifiveauasmuni
Wywdasll ¥iinveed (hue or color) ANNTNVBYE (color intensity) warAIUEINN (brightness) wa

din9 9 uUINYPRUAITUN 2 wanuEnseutssaauigniesnluIniasdvy nanlavivlvia

Y

A

waaiuluuasdndnilieodnvarsdnaniu dveuasiigninetsenliuazdvesarsimielinn

woiu 138n11 Jdd1uduidun (compoementary color) wanslilun1s19? 1 anuduvenasdln
nilgduiudndiuveianiudedndiuvesiasdrindogluduas rdndruvesiasiiduinaiy

[% 1% (%

Wuesdiunun drdndiruvesiastiuiivosnuduresdduniivesviodans (pale) mnuaingwes

WaILAINANAIdDE VDA EN Y (radiant power)

A15197 1 AdNUS ST Seanauduasddiuiuny

PupAuveasign  Sldnudndiugn fduAuduiivde
gandulagans (nm)  gandulagans Hudiueaiiulnen
400 - 435 174 (violet) \Wealndes (yellow-green)
435 - 480 iy (blue) Wded (yellow)
480 - 490 ihiduden (green-blue) &1 (orange)
490 - 500 Fenhidu (blue-green) weg (red)
500 - 560 \Ue (green) 179499 (purple)
560 - 580 Wunnand (yellow-green) 179 (violet)
580 - 595 Waad (yellow) iU (blue)
595 - 650 &1 (orange) 1hiduden (green-blue)
650 - 750 WA (red) Fonhdu (blue-green)

eiluasdundesiuveamaivioasazats (velagnussududiasiouiinvesweuds
) Wuasarasiiusznaudslesoou (1) uarllelesnunlessuldansazatsves Fe(SCN) T3
uad asaraEIzgANauuANivsedudufe Afeniiiu (blue-green) udUdosuasifidduidn
Fuiifuauneditiendusnnilimusadiu dmsuaisazaiedintu CulNH3)2 Ausadiuua

Weudu (blue-green) wansiwasduasgnanndulagaisavaiel
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2.2 ndnnaluvesaninsininfines

Huirdodlefildiansgandunamesansiivisedudvils o luedesdloadnlnslilafines
(spectrophotometer) azUsznaumIsdIUmg 9 et

n. unasrtifiauas (radiation source) dzidunasalniifldasadulaneiany
(tungsten lamp)

9. MEFMUNTIIPAUTBINET (monochrometer)  UsznaumeusTuniewnsnis (erating)
Tuvnestinoalgiuauliinsesuas (glass filter)

A. waaausuldansazany (absorption cell)

3. nwnTI9In (detector) 19 Ilawaad (photocell) ¥3e naonlnlndiafnaleoes

(photomultiplier tube)

3. szuudiannsedndvenedayen

o

[

a ' A o o= v a'
DR Lﬂi@\i@']ﬂﬁi@qumﬂJ@ﬂ{lja ﬂﬂLLaﬂ\ﬂ,uz‘Uﬂ 1

___L U Lr 678
[os et R 19

o Tululasiaas LTRE L& @A BLlannIaNng  1A3even

fiauRd ]13608819 VYYD YUY

JUT 1 wansdiuUsenevegndovasaninslvlladives

2.3 NYNINANGULEIVDIHTALANY (Bouguer's law Uz Beer's law)
A ° > s s a 4 X )
derudwantlUluwadnussilugadiussgasarargasiinnisgandududuuisdiuias
v ] = Y o < ! v = v c{' ! ¥ o
nasnuveaargadeliunasazargluiluuisdiu dgun 2 wdanuveiasngnaewiliinans
Y, 4‘

FegnuasruazNvIetasTued iulATeaiavesluanavedan sl LasTuag iUy ARUYRIR LAl
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LTANQANAIULE

’ LINLUUEG A
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d' =
EUVl 2 LLa@\‘iﬂqiﬂ@lﬂaULLaQSU@\Tﬁ']iaza']U

ffualy  Po WUNASUTRIaILEITIANNTENUWAdANTazaNe

P Jundnuresauaiioonannwasansazans

nasuvesdnandulsuaunialaeliuaswmnnsenudulnlnead (photocell) Tunuae
ASIIA  DMNTIFIUTEMININAIUYDIATLEINANNTENUBAENAITUY DI MEINAINHIULLARESININ

nIualauaud (traansmittance, T) UnAazusnunluanualzuniiovas (percent of transmittance)

1
A = log= = -—logT
gT g
P
A = log—=2
P
1ty
oivuald ¢ - mududuresansiigandunadiuasazans
b = ANUEMVRLTRATIALAINU (optical path length)
P
IogF0 = kb
AUNHVBY Bouguer
P
IogF0 = k,c

= s '
MIUNAVDILUET (Beer's law)
< ! A2 X o a A & o A ! « a
k, WuAasgaduivylianvesasiilusiganauiaduansazate YI9naUveILaIHIY WA

AnudNtuvesansildufganduuea
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k, \uAnnduiveiinvesansidusmgandunadluansazans Y19AFUTEMETINI Lag

ANENIVDUTATTIA WA
INNYEesTIniuarlangmaanfunaesansliuansazaiunall

P
log—~ = kbc
9P

A = kbc

1% = 1 3 [y 1 a a 1 § aad .. = . .
07 ¢ UMW UUNTUABARNT K LI8NIT LOULDIUNIIN (absorpt|V|ty 13I8 extinction

. . (5% = 1 < I a a s § aada ..
coefficient) o ¢ Tnuleduluanaans k LPNLIYNIN luashauYasuiivn (molar absorptivity,

£) wazaziivhedu das Tuat au. ! (1 mol? cm™) fvremaunAfIua LA

A = Ebc

2.4 N15IALBULDSLUUTVRIANTATALLUALA

LOULDSWUUTVBIETALA8ALVUBY NUAUINTUVBIANS LA MENTazany D1kAINNeNIYB4

Y

a wva | s

wad (b) A TunsliRrwevgesuuuduesansazateNinlaagsiudaUsuiuve sasigandu
lpganssioluanuiendninu)isen Wnfsildadluuniunediiewilainaisiisenisiaseivia

2
[ v o Y

UfAzenangluduansiiianue) uassufsinaveasigngandulasansiilusmihazany s
Usunamweanasdiinummelusuiiesmnnisnsenuiunsamad iedestunadeiiiadnan sz
MyTnansazatuwUasd Saatldansazatsuuasrlasigaadildaansazatoilouiu a1sazatouy
asdiluansaransfeUseneudediinazansuazarsazarssionaudn o ideldldansfiisndenis
Tasrziacll wouresuuudRldanasazatowuatdl UiluauoenainALaUTeSLULTYes
d1sazarefiins1zy wadildesifurueuresuuudvosansifianiiarsidesnisinsizidu

29AU5ZNBU

2.5 Wwaaannsuansasany (Optical cell)
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wadildlunsiauauresuuud fieSundnegrmiden At (cuvette) SAuenidmsu
wawsiugney fu Ae doust 1 uw. 89 10 wu. lwadervgdeaigndalusefilddrhasareduansi
Seede waanivhieuiillddmsurrsnaunaiis 350 uluwns undmiulurisvesuannile
14 uiazganduuasiieglurrunietadalasunnliiwadivindiedann (silica) lwadilddmiu
ansavanBLUAsALaTaNSaTaneRdaIlATIE ddesidnwnsmiloudu uazazdewhAuaz R
sulunazsiuuen Inswgfuaisazatonsdnrenusedivazatsdy luarslduussadlusiaig
azo1n mszo1aviliisadilusesTnld oelddevieasdugmazasililuseslngianizegnibs
Frufinasi dreuluveseadanusn naldarsazarsazitlifanesenna ndsannldansazateas
Wluwadudamsldnseauiivg (tissue) vsonszmuidinaud Aoy 4 WAMUWBNWASLALIA W88
adluaieadoanlnsnlndwesTinseiunisfinasiu Snvazvesvadldansiorsuingiag

wandlugun 3

= O

D>

JUN 3 wadldansiieene (cuvette)

I}

3, psvudeulalasedlunluedasdons

Tudszinalng w3ssdrensussanlavinuils (whitening) leSupuiouegieunn vialyd
nanAaImantoenussminglutiosmarmdusiuiuann faudasnansusiAtidudseneueans
Tvimuflauananefuly W 3nndud 3endud wasnsaerene Judu lelaseailuy (Hydroguinone)
Huanshyimuiedaniaiifianuannsalunissudanssuiunisadiadinduesionds Seinaviliin
smtulduazldnah sgnslsinulelasadluuiinadrafssinliinnsseaodedia faflaulsie

AN RgaR1aIni mnldRadetudunaiuuazibifianisilisusaveniede
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aelufndsiliinduihens wazoraduasneuzissluiimdeld vhlivareuszinealioygalidl
nsldlelaseiluuluaiesdrens

dwsuuszmalne lelasailuugnimunduasdosiulundesdionsmuusznianssnsg
as15aigy Besimuningivaldifudiunaslunisuaneiesdions @il 2) Uszma u fud 30
$unau we. 2550 agnslsimudiasdinisnsanunsvuidouveslalasailuuluiadosdions
iesangudnuissedesnsandunuluniaunds Tnonsiiniagivaldidudiunanlundn foei
\3esdnens 1y Usem uaglelaseiluy wnunislaanslaimudesunnianiiug 3niud uaziolew
10 Wosnansialdfananisnegnuaziiiunaiani Fsfeainisdunnaedesdionsluviomann

PNMNBNUTDITT LeANATEIAUUARASBYRIRUTLAR

4. msdsunalalasailuu lnsanduwmadaaualasinlaums

M3n519Tne fBURATEMsTAE Fell) Ty Fe() selalasailuy anifu Fe(l) findu
whufiserveslsfivuulnsduindumsidsioudiunwes [Fe(phen),?* Fsganduuasgsandinnna
gAAULAS 508 uluwas  fetunisiinansdadeuiendudadiulnenssfulsinalelinsailuy
(Uit 1)

(1)

Hydroquinone Quinone

..(2)

[Fe(phen)s?*Fe

)

UM 1 Ugisenildlunsanainlelasailuy 3

5. d15:A%

1) ansararpunsgulelasailuy anudutu 500 Llasluadeding (Mo uiinismseuln)
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Felalasailuu 0.0554 n$u azaneuarUSudiumsidu 50 fadansietindy axldasavans
wmsglelasailuuarududu 0.01 Tuadedns nduliunansazarsuinsgiulelasailuuaniy
Wutu 0.01 Tuadednsiiwdenld 11 2.50 fiadans wazUsuUSunesidy 50.00 dadansaertindu
2) asazatgasdnatiines ANty 0.2 Tuadedns Wy 3.6 (MasUguanIsieseuly)

- @1585A18NIADLTAN bTNTY 0.2 Llanoans

UanInzBRNTUTU (99.8%) 2.8 Taddns ldvindauSuinsuuia 250 Jaddns wagusu
USnssethndu

- asazaglufgues g [Nl 0.2 luaseans

ava18 CH,COONas3H,0 31y 1.36 53U wazusuusumsidu 50 flaaansderingy

NELaNsavaNEnsALaTnAoNT 2 vlindnadu Uinms 231.5 uaz 18.5 Jadans mudu YU
ealrle 3.6 MearsazarunInesIAnsololnusdinm
3) @1savaewian (1) Adudu 0.005 luanedns (WhAnwumSeutad)

9 FeNH(SO4)»12H,0 8117 0.6027 n¥u tnazatswazUsuusuinsidu 250 Sadans e
g15axa19n50 H,S0, AUNTY 0.05 lUaneans
4) gnsara18eelsiuuulnau MuTNTY 0.05 lanedns (WnAnwieseulod)

Froolsfuuulnsausiuiu 2.4778 ndu wavans wazusuusuinsdu 250 fiadans se

a@15aranensa H,50, ALY 0.05 Luanodns

6. NSLATBUAIDEY

1) Fabmindegnendy 1o ndu Tufindmtinfiuduey wazazanadiotindu 10 Tadans

2) thluguitgaumgil 40 ssrwaidoa 1Wuian 10 w1l

3) ansazanefililanasn centrifuge tube wa 15 faddns wasiluduwies (centrifuge) 7
A5 6000 Seumaw? WWunal 20 ud

4) nyesansazaneildruluasuumusurwin 0.22 lulasiuns

5) gnga1saraneNteaINN1INIdbdrIninUsLInsIUIn 100 Hadans walruSuUsUIRTA8uINaY

7. N1NAABY
7.1 nMsadnsmaasgulalasailuu
1) Ywansazanvunsgulalasailuumnududy 500 lulasluasedns Usuinsnee) ldluvinin
USumsaum 25 Sadans LﬁaLm%ﬂﬁlﬁmmﬁu%’mmﬁwwhﬁ’u 0.1, 1.0, 5.0, 10.0, 20.0 lalastua

ADANT

nee UnAnwnesmuinlsuiasnaztilaueddagenduaunis C,V, = GV,
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2) Uimansazangansazatowman (1) mnududu 0.005 luanedns wazansavargeelsiuuulng
au ANLNTY 0.05 Tuasiodns wegvaz 2 Jadans ldluvninusuaslude 1 wdrusulsunseme
acetate buffer pH 3.6

3) wehldniu udadeials 3 wdl

4) n3793nAINIgANALAYBIANTATANINAR AeI T FTind N 1IAAY 508 ululuns wazynly
a519an3munsgu Inendennuduiusseninain1sgandunas (WY y) wazaududuresans

wmsgulalasailuu (Wnw x)

7.2 msmGunalalasadlunluedesdians

1) lnansiethuniosdrensd3unns 5 faddans ldluviniausunsoun 25 Sadans

2) Uimansavarsansavareindn (1) Anududu 0.005 luadedns wavarsazangealsiuuulng
AU AMULNTY 0.05 luasedns wegeay 2 addns laluriniausunsiude 1 waiusulsuinsmae
acetate buffer pH 3.6

3) el waadsineld 3 undl

1) psratarnsgandunasosansazansndndasiilaficnnueniedu 508 wiluwns nturian
nmsganduuasiile lUifsuiunsnaspuiieniduaududuvedslnsailuy

5) AursUsunalelaseilunluniasdiane Tuniiedadnsuseurndnasy 1 Alansy

8. AU
1) sz ladsieinisauny pH vesansazay
2) 2995 UNUNTHTINANTAYANELUAIRANSUNISNAADAL

3) 2ENF819E N1 ATUFITUNIURDNITIATIZINT

9. 1BNE1991984
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8UETUNTRY

1 » ﬂ‘ o’ 5 ) A. [J o o o
dydsudsmanua lgdrenldduraudcnitnaidetadelasans

R Anlddne saudl4de AUVED
wuanAldse wyszmmﬂu m'l""”i’ , ndaglu dautiela (W3aifiu)
nslasenig INTIUASIADY '
@nlasens) | lasams
JuyARNS : - - - - -
AdataasT
suantivey
AMDUKNY 58,400 58,400 - 58,400 0
Aldaon 53,000 28,700 24,500 53,200 -200
YA 188,600 159,450 31,680 191,130 -2,530
ArasnsnyUlng - - - - -
Uamu: AR - - - - -
59U 300,000 246,550 56,180 302,730 - 2,730
SunGuitlduuazsautuiildse
nRuiilésu Snuiuilduum) e (szyiu ieu B)
anft 1 287,920 14/07/2017
i 2 12,080 -
RuehniUaveyd 500 21/06/2017
oLy Asad 0.03 25/06/2017
nonilly aded 322.76 25/12/2017
nonidy adedt 3 105.19 25/06/2018
aonidly A%l 4 97.51 25/12/2018
52 301,025.49 1)
nf FuauRuildsne (um)
i 1 246,550
nfi 2 56,180
"
57U 302,730
Jwiulduravie O -0 70858 Um

asanrsvaleneniaiionusigargduiinu
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Usgaunsaidunseav gy

1. Flow-based techniques

2. Method development for food and drug analysis
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