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measurement of mercury in water based-on automated tool and test kit

WALAS. g IR 139U

b 002115%¢

srony

P SR ;
mummuulﬁé@ﬁa e ————
fuidnn .23 1A, 2359

aIdeilasuueiuayuandde sinnuluanilsznamdudy amIduurand

szarlavlszanas 2558
o d
AMZINENMARS

aaiumalulagwszaeumandgamyinaan szl



A Y] o dq & a a A w as o/
‘Hﬂiﬂﬁﬁﬂ']'i (ﬂ']‘k—l']ll‘ﬂﬂ) ﬂ1'iﬁ\?Lﬂ3'13WLLﬁ$ﬂ§$§[ﬂﬂ1‘]ﬂ“ﬁUlW'ﬂ31’1']\3LﬂﬂlW@W@luT?ﬁﬂﬁ?%?ﬂﬂi@“ﬂ

1 %SJ A A w i
lunranhdunsesloos Tudauazganaaaunaauy

UMY NURUIVUTZINUHUAY TA1ITBUNINIA

Yszdithuilseanm 25572558 Srauuilafumseiveyy 550,000 I
¥ .

spEgaIMIng 27 AR 19a1AN 2556 D9 30 NUEIEY 2558

1 v
¥o-ana Wanhlassms weLas. aigydl 1§
MBS AN

anuma TuTadwszaoundudgunmsaianszals
o/ T
UNAAED

ﬁi’ -] L5 = o ar s 1 g 3 ) a o
Tasensy ‘H']Lﬁu@ﬂTﬁWWUT?ﬁﬁTW?U@S?%?ﬂﬂS@'ﬂﬂluuﬂﬁﬁu?‘uuu? 2137 ann1InIiva

Y 1 r o o e 1 a
¥09N3Iae9ITaTmilouny naafe ordemsThUgasesznelsenlugivesleseu (He™) fv

o 2 & o v f r
Y UIYDINIUAN (Chemical sensor) canumsauwummmsﬂqams A% (fluorescence derivatives)

1w

v oo w d @ 1 ao o 1 o ad )
%ﬂlﬂ”ﬁTiﬂ%ﬂﬁW&'ﬁﬂ?i?ﬁJ EN"]JJNQ'INTJ%EJUI,WH']LQ'HEN'W@U IﬂUlﬁlﬁ-‘llﬁ’ﬁﬂiWWQLﬂNNﬂTNTiﬂﬂﬂﬂﬁu

yeil ' i { =2 ya
uere ldangafinnuenau 420 wiluwas uaz Sesuaslduiniigai 512 urTuwes 3aldidu
4 o o v o5 5 - o
AMNEIAAUTINTUNT ¢AU (Excitation wavelength) UAZAANINNTIS DALE (Emission wavelength)
0w A ¢ ! o X 2 o o
AMUTIAY HANTNARDILVUVHUNTNUIUFUIFDIMAUALNTUATIZHIUN TANUTUNIZIIZNY
' o A agda I w & ¥ ad s P
Teoouvesilsenuinndi losouveslanzdadun T znivauiunideisiisngaziden
o gdl aa A < ¥ Y 4 | < P A o (Y wa 1 y
Asline A5husn 1w yaduuuyveuATeIvavLIAEn’ M1 TNARIUNITAIUANAIY

o @ =

o o a a o 1 :’,’ a P
'I‘Ll'iLLﬂ‘iiJ T]']ﬂ"IS"W?JJu'IIﬂEJi’J"IﬁEJ‘Haﬂﬂﬁ“ﬁm?uk‘h’ﬂﬁﬁ]mfﬂﬂﬂ)’u WU ﬁyﬂﬁmmuuiﬁmmmﬂwwu

v Y

o ' a a P o o v o A A o
mmmmuaxmmumuqq ﬂﬂﬂﬂﬂﬂgﬂﬁ?!ﬂ513ﬂ151 WHJ']SﬁTﬁiUiT!ﬂulﬂiﬂﬁN@iuﬁ%ﬂU

(43

=,

#oelFiians Fhaes inswau yaduuuyvesyanageunnaun’ dmsunam ld1duen

A 3 [ o

woulfiiamniethszYafSinadsen a U3nauManiiiia13m3299a (On site analysis) WU

\
=2 ° A a wa &

4 aady (=] [ o @ 1 v ¥
Wudshinasa Junmnedmsvldnsiviadsonlunsainfaguamems s Ivaasgunani

)

My : suaresmanil, asavindsen, unas, inTesiiesa luild, yanageuninau



Research Title: Synthesis and application of chemical sensor to develop the methods
for measurement of mercury in water based-on automated tool and test kit
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Researcher:  Asst. Prof. Dr. Nathawut Choengchan

Faculty: Science Department: Chemisrtry
ABSTRACT

This work presents method development for measurement of mercury (II) ion in water
sample. Detection principles of both methods are similar which are based on using a novel
chemical sensor (fluorescene derivative). This is the first report that fluorescene derivative
was exploited as chemical sensor for mercury (II) recognition. Excitation and emission
wavelengths of the sensor were located at 420 nm and 512 nm, respectively. It was found
by batchwise experiment that the sensor was more selective to mercury (II) than the other
investigated cations. The first method was developed based on sequential injection
analysis. It was observed that the method gave high precision, high accuracy and high
throughput. This method was therefore viable for using as a prototype in laboratory for the
mercury (II) determination. The second method was developed for field test application. It
was found that the kit provided high throughput and it is appropriate for using as a
screening method for monitoring of contaminated mercury (II) ion in water samples.

Keywords: Chemical sensor, Mercury measurement, Water, Automated tool, Test kit
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WHAURNUIND AUITANNAIUIAY i]'uﬂuﬂ'ammumumsmummwmu (Preconcentration) LW'ﬂch
Y asd A s ] g a0 o 9
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M3y NNt unLUeou e (Online preconcentration) A2961991M308AY YT (F1 Cafiada
Rudner [29] ataunismsinsizrividsen Tae 1935 msmsmuanududunuvesu lavdleaeduf
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Ysonlaglfszuumamnanududunuueenlal Tavldneduinussysaummsianiiasned

]
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ABAUHUNTIDY
= d
3.1 manduazglnIn
=
3.1.1 msnd
A ! a &y
¥oasini gasiail GRREY Bviouaz

2 Y a
vagns  dszmadwnan

ayWUTYgoDIsadY nuteay 1* - ’ .
((E)-2-(6-hydroxy-3-oxo-
5((3-sulfophenyl)diazenyl)

-4,4a-dihydro-3H-xanthen-9-yl)benzoic acid)

oyutgensadu nuomy 2+ - - -
((E)-2-5((4-carboxyphenyl) diazenyl)-6-hydroxy-
3-0x0-4,4a-dihydro-3H-xanthen-9-yl)benzoic

acid)

oyWusgeoITadu vinoay 3+ - - -
((E)-2-((9-(2-carboxyphenyl)

-6-hydroxy-3-oxo0-4,4a

dihydro-3H-xanthen-5

yl)benzoic acid)

Usennanlsd HgCl, 99.0 Carlo Erba,
Mercury chloride) Italy
umueaiiqns CH,0H 99.0 Carlo Erba,
Absolute Methanol ) (AR) Italy
Diphenylcarbazide . C,H/NO 99.95 Sigma-Aldrich
Bromophenol blue C,,H,Br,0,S 99.0 Sigma-Aldrich

o a 1 a a L4
HUIULVA * nlﬁﬁﬂﬂ?'lﬂﬂ‘lélﬂﬁ'!%ﬁﬁ]'lﬂ AT.N1YNA Nnovog Lashnue ﬂ'lﬂ'l‘]ﬂ!,ﬂﬁﬂﬂlg’JWU]ﬁTﬁﬂ'ﬁllﬂz

maTuTad ynInenassssuenans



28

3.1.2 gUnsaluaznTesnsioda

1. vaindsunsg

2. Tnnes

3. Yle uazlulnstha

4. NaeANLA

5. NTTUDANI

6. WIAMITLLIAN

7. NapANAADINIBUTI

8. 1A309TA pH-Metrohm, 827 pH Lab Meter, USA

9. 1A303%021BA 4 AN — Shimadzu, Chaina

10. IA3D4VEIAT — Vortex, Genie 2, USA

1. w3osgi-3idamulnTns T Inflines- Tasco V630, Usa

12. 3osanilnTnswgoo Tsdined - Jasco FP-8000, USA

13. gunseidmsuadeszuudiaaudadunadu Tdud
13.1 Syringe pump - HAMILTON PSD 4, Switzerland
13.2 8-port Multi-selection valve—HAMILTON,Serial MVP,Switzerland
13.3 Flow through cell dm¥uldruinsesalnInsvlgoo Isiines

YSuasaalu 25 1uTnsans- Hellma, 176.052-QS, USA
13.4 PTFE tube vinaduruguinarsniolu 1.0 Tadmnas- Viei AG
International, JR-T6807-M 25, Switzerland
14. oS dn SUAIUANIZVUFAIUTLADUIATY — MGC, Auto-Pert Version 4,

Japan

3.2 MIAsENEITazaY
o; ~ Y & s A a ¥ & £
msazaennauassuIniInaudsren leoaun ldnininsesndmirus gns (Deionized
v o o o a '3
Water, LABCONCO, Water Proplus, USA) sazansinimndaiunsadmsunudmsizimani

(Analytical Reagent Grade)
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3.2.1 S msdannerivigestsadumazeyusvesrigeestsady
o o a
1. MydunsIEHNgoBLTAau
o a o : . o aan o a .
whwmanaueuleas d (Phthalic anhydride) ¥111§A3810U3 Teduea (Resorcinol) Tu
o
8as1dau 1 Ao 2 Tun udanAveq By nsadaysa Ivudu 1USu1as 1.00 Taddas nasnmiusiaig
A @ & ¥ Y a8 a A d 2 o Ay ¥«
sand Wuna 3 92109 w2 ldngadnuazmilndusanies snuudshmamagan laasluiudu

ausuifaaznou udni linses seldmanddutuasdy UfiTeuaiiuanimsdunsiziiilug

0 OH HO ) 0
Conc.Hz504 0 o, 0
o
" i COOH

Phthalic anhydride Resorcinol Fluorescein

aumsn (1)

2. Msdunszveyusvigea adu
21 auﬁuﬁﬂqam‘sﬁ?ﬁuiuﬁumﬁ& Azopara sulfanic fluorescein (ﬂl}ﬁﬂfﬂ@ﬂmiﬁ
Funuw@a 1, F1)
1. Mawseuasazawdmiunmsdunsied
wlgesisadu 0.8942 ¥ (0.691 Had Tua) azaredle Aoy lenson lug
Wududevaz 20 511as 5.0x Hadaas thlwfen luma 0.276x n3 (4.0xx fad Tua) azarolududu
1.00 finddas uanhdavhiidaueda 0.70xx nfu (404 Nadlua) azaredrswmniueaderily
BATIAIU 2.0x AD 4.0x Nadaas mmi'ufiaﬂq wunsalalasnaoin Wudulsung 1.0x Jaddans Tae
manaaealu lee bath filgungisnt 5 °C

ar o @ d =1
2. NI Lﬂi?%ﬂﬂlgﬂ“ﬁﬂgﬂﬂli 16"

< T

¥ o ¥ o g o 7 a
wldasazarsasonldonniade 1 msdunsizdisuninaess 1@
msazaneladenluaa aslumsazasdavhiifaueda vinisitiunau dszum 10-15 wiil uda
& v o o o 1 o

Avgq wumsazatevgessadu iinmstuniudedssuin 30 wIR awd Ay vaseinu

asazaoh 18 llszmeerdniazaiseen Tavee Idwanddumassiedudy Ugnsouaiinaains

Fuaszidludaaunsi (2) SO;H
SO;H '-N
HO o o N @)
- Conc.HCI HO (o] (o]
u + NaNO; ——— O ,

COOH
O COOH
>

Fluorescein Sulfanilic acid Azopara sulfanic fluorescein
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2.2 eyviusgoesaduludumiis Azopara carboxyl fluorescein (Y WUTHGBBITH
FUWNGLEAY 2, F2)
1. Mawisuasazaedmsunsduns e
vimgeasa®u 2.6826 nSu (8.073 iad Tua) azaiedae wdowleasonlad
ar a a ¥
Wududosas 20 151105 10.0x Tadaes 1 lwdonluea 0.42xx n5U (6.0xx Had Tua) azareluii
_y _a o _ - = o -y ) g
1By 4.0x Tadans uazrh wisesl Tuwu Tvdaueda 0.831x nU (6.06 Tad lua) azateaetii 10.0x
}
Iaaaas 1NUUABEE 1AW nA 18 1aTARDINENTULSUIAS 3.00 Uaddas Tasyinminaaoely ce
bath NUYUUYNAINT 5 °C
[ a @ d =t
2. MIguATIEHoyRUsNgoBIs AE
sweldasazareiwsonldoiniade 1 msduasizvisuainaese 1Ay
drsazaie Tyden luaa asluaisazats wistezd lwwu ladaueda iinmstuniuilszuin 10-15
s Y a a o y ' _ o o R T
W uafvee) Wymazaewgesadu msvunluasilszun 30 wI AudIAY MAUUIH
F y " ; x
mamasazaieh Idasluiniu aunuifanzneu udnilinses Tasee Idnanadumaestaduds

Ugnseuaiinaasnmisduasiziidiudsaunsi (3)

5DH
. N o ’
Conc.HCl
+ NaNO
coon @ z @ O
O COOH
Fluorescein p-aminobenzoic acid Azopara carboxyl fluorescein

2.3 ﬂHﬁﬂfﬂq@ﬂﬁﬁ%u‘luﬁumﬂﬂ Azoortho carboxyl fluorescein (ﬂ‘sj,ﬂmiﬂ'qmﬁ
WY 3, F3)
1. mawSoumsazaedmumsdunsey
wmgesisadu 0.8942 3N (2.691 1ad Tua) azaneale T lanson Tad
ifududosas 20 US11as 5.0x indans thiwdonlume 0.014xx (2.0xx T Tua) azarelusiui
1.0x Haddas uazihweunsHiaLe®a 0.2774 NT1 (2.02 Jad 1ua) a2a1ea 0N Iuea 5.0x Jaaans
nmiusee wunsalelasnaoinidutuiliings 1.0x daaans Tasvhnsnanesly Ice bath 717
quuplA N1 5°C
2. Mydanswdoyiusvgesisadu
wldmsazarefieiouldnniade 1 msdunsizdBunndesy @y

sazane Inden luea aslumsazmeusunsiiaueda ynsiuniu Uszana 10-15 wii uda
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Avee auaIsazaredgoesadu iin1stuniuaelssuin 30 w1

L4 T
mudau Mntwmhmsazaen 14 1dsemeoodnihazaieesn lavee ldndnddumiesdeduds

; COOH

Ugnsounluaasmsdunsgdfiudsaumsi 4)

~N
H,N 0 NH, N* (4)
@ < O COOH Conc.HCI HN 0 NH,
4 + NaNO; —— 0 ~ 0
@ g NH OOH
2 3
Fluorescein Anthranilic acid Azoortho carboxyl fluorescein

322 mawssumsazaweyWuigeotsadu
1. wisumsazaweynusigessaFunuiomy F1, F2 uag F3anududu 50
fadnsudedns Tavseoywuivgoeosadunuiomy F1, F2 uag F3 oteag 0.0025 n5u azaiouas
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3.3.4 AnvAanuadesvesvlgeslsvies
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1. wi5o3 F1 @udu 1.5 me/L Tummuea
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1. 3813 F1 0.0025 1ag 0.0050 033 idudy 50 uaz 100 mgL lumwniven 5 Iaaans
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uannang

3. 9nde 1 waz 2 wenl¥ F1 uazlelasiou (eve) luAhazaemwniuea 11 Fl
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Abstract: This work describes a simple method
development for spectrofluorometric determination of
mercury (II) using sequential injection analysis ) SIA(.
Detection principle is based on quenching reaction
between a novel fluorescein derivative namely, ((E) - 2 -
(6 — hydroxyl — 3 — oxo — 5 ((3-sulfophenyl)diazenyl)-4,
4a-dihydro-3H-xanthen-9-yl)benzoic acid) and mercury
(IT) ion. Decreasing in the fluorescence intensity of the
fluorophore in the presence of the quencher is monitored
)hex: 451 nm and kem: 516 nm(. Results from batchwise
method indicated that the fluorophore was more selective
to mercury (II) ion than the other studied cations.
Factors affecting sensitivity of the SIA system were
optimized and the optimal conditions are listed as the
followings: aspirated sample volume; 40 pL, aspirated
reagent volume; 160 pL, flow rate; 200 pul s and the
fluorophore concentration; 0.3 mg L. Calibration
curve was made accordingly to the Stern-Volmer’s
relationship. A linear curve of standard mercury (II)
from 0.01 to 1.00 mg Hg (II) L! was obtained with good
linearity (Io/l = 1.483[Hg (I)] + 1.051, ~ = 0.992).
The developed SIA system was applied to spiked water
samples (tap, drinking and river water). Sample
pretreatment was not necessary unless simple filtration.
Recoveries were found from 97.2 to 105.4 %. Relative
standard deviations were below than 1 %. This implies
that the method provided high accuracy and high
precision.

1. Introduction

Mercury ion (Hg(II)) is a toxic heavy metal
ion. It can be changed to elementary mercury (Hg(0))
which very harmful to human and other livings even at
low concentration.[1] Hg(Il) can be released from
various industries into environment such as natural
water recourses. Thus, monitoring of Hg (II)
concentration in water sample is essential for the sake
of environmental monitoring.

The standard method for determination of Hg
(II) in water, recommended by USEPA and by
Pollution Control Department of Thailand, is cold-
vapor atomic absorption spectrometry (CV-AAS)
[2-3]. Although the method gave high accuracy, the
instrument is expensive and available only in few
laboratories. The other methods reported so far are
inductively coupled plasma mass spectrometry
(ICP-MS) [4], colorimetry [5-6], spectrofluorometry
and so on. Among the methods, spectrofluorometric

method by using fluorescence sensors is interesting by
taking into account in terms of sensitivity, selectivity
and simplicity [7]. There are various kinds of organic
dyes that were exploited as fluorescence sensor for the
Hg(II) determination. Fluorescein is attractive since it
has several advantages including highly fluorescent
and highly selective to Hg(IT) [8]. However, there are
a few publications reported use of fluorescein and its
derivatives for quantitative analysis of Hg(II).

In this work, we therefore aim to explore use
of a novel fluorescein derivative namely, ((E) — 2 - (6
— hydroxyl — 3 — oxo — 5 ((3-sulfophenyl) diazenyl)-4,
4a-dihydro-3H-xanthen-9-yl)  benzoicacid). The
derivative was synthesized in our laboratory and was
exploited as a fluorescence sensor for determination
of Hg(II). Detection principle is based on quenching
of the derivative by Hg(ll). Decreasing in the
fluorescence intensity in the presence of the quencher
is monitored. Since we also aim to develop a simple
and automated method for the Hg(Il) analysis,
sequential injection analysis (SIA) [9] is therefore
selected as our tool for this purpose. The developed
SIA method was applied to water samples (Tap,
drinking and river waters) for demonstration of the
capability for its real use.

2. Materials and Methods

All chemicals were of analytical reagent (AR)
grade and deionized-distilled water (LABCONCO,
Water Proplus, USA) was used throughout.

2.1 Synthesis of fluorescein derivative

The fluorescein was used as precursors.
Firstly, 0.70 g (4.04 mmol) of sulfanilic acid (Carlo
Erba, Italy) was dissolved in (2.0:4.0 mL) MeOH:
water. Then, 4.0 mL of concentrated HCI was slowly
added. The solution was kept in ice water bath (Velp
Scientific, Neutec Group, USA) at 5 °C. A solution of
NaNO, was prepared by dissolving 0.276 g (4.0
mmol) NaNO- (Carlo Erba, Italy) in 1.0 mL of cold
water. The prepared solution of NaNO; was gradually
added into sulfanilic acid. The solution was
continuously stirred for 10-15 minutes at ambient
temperature.  Then, 0.8942 g (0.691 mmol) of
fluorescein (dissolved in 5.0 mL of 20% NaOH
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(Rankem, India) was added to the reaction mixture
before stirring for 30 minutes. A yellow solution was
observed. This solution was evaporated for solvent
removal. Finally, an orange to brick red powder of
fluorescein derivative was obtained.

2.2 Preparation of fluorescein derivative and standard
solutions :

A stock solution of 50 mg L fluorescein
derivative was prepared by dissolving 2.5 mg in 50.0
mL of pure methanol (Carlo Erba, Italy). This solution
was appropriately diluted with pure methanol for
further study. A stock Hg(Il) solution ) 1000 mgL™! (
was prepared by dissolving 0.1354 g. HgCl, ) Carlo
Erba, Italy) in 100.0 mL of water. Working standard
Hg(II) (1.00 to 0.01 mg L-') were prepared daily by
making appropriate dilution of the stock solution with
water.

2.3 Water sample preparation

Water samples were tap, drinking and river
waters. Tap and drinking waters were analysed directly
without any pretreatment. The river water was
collected from Prawet canal near King Mongkut’s
Institute of Technology Ladkrabang. These samples
were filtered through a 0.22 pm Nylon membrane
filter prior to analysis.

2.4 The SIA system

The SIA system manifold is illustrated in
Fig. 1. It was constructed from a syringe drive module
syringe drive module equipped with 2 .5 mL
) HAMILTON PSD 4, Switzerland( and an 8 -port
multi-position selection valve (All devices were
purchased from Hamilton, USA). The system was
automatically manipulated by Auto-Pert Version 2.55
(MGC Company, Japan). The holding coil was
constructed of 1 m (1.00 mm i.d.) PTFE tube and
the reaction coil of 1 m of 1.0 mm 1.d. ) Vici AG
International, JR-T6807-M 25, Switzerland(, equipped
with a 10 mm Hellma flow-through cell (volume : 25
pl( . Detection was carried out on JASCOFP-6300
spectrofluorometer (USA) while the maximum
emission wavelength was obtained at 516 nm.

Hiskding coll luiti-salection Mivmg cod

m vahe m
e . g
E # LR
=,
Waste ‘i-dl‘?
derivative

Wate

Fig. 1. SIA system used for determination of the Hg(Il)
ion. Holding coil (1 m x1.0 mm i.d.), Mixing coil (100
cm % 1.0 mm i.d.)

3. Results and Discussion
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3.1 Absorption and emission spectra of fluorescein
derivative

Optical characterization of fluorescein
derivative was carried out by monitoring their
absorption and emission spectra. Absorption and
emission spectra of the fluorescein derivative were
studied and results are presented in Fig. 2. These
results reveal that maximum absorption and emission
wavelengths are located at 451 nm and 516 nm,
respectively. These wavelengths were set as an
excitation wavelength (A, 451 nm) and an emission
wavelength for monitoring fluorescence intensity of
the fluorescein derivative. Results in Fig. 3 are
photographs of our fluorescein derivative (in absence
of Hg(Il)) in pure methanol without (a) and with UV
irradiation (b). Under UV light, luminescent green-
colored solution can be observed with naked eye.
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Fig. 2. Absorption and emission spectra of 0.3 mg L~
! of fluorescein derivative.

Fig. 3. Photographs of fluorescein derivative (in
absence of Hg(Il)) in pure methanol: (a) without and
(b) with UV irradiation.

3.2 Study on selectivity

Selectivity of the fluorescein derivative to
determination of various cations, including Hg(Il) was
studied. The experiments were carried out by
recording the change in the fluorescence intensity of
the derivative at 516 nm in absence (Iy) and in
presence of cations (I). Results are shown in Fig.4.
Upon interaction with Cu)II(, Ag)I(, Zn)II(, Cr)III(,
Ni)II(, Co)II(, Na)I(, Ba)Il(, Cd)II( and Mg)II( ions,
the intensity of the derivative remain nearly
unchanged. On the other hand, the intensity is
obviously decreased when Hg(II) was studied. These
results imply that the fluorescein derivative is more
selective to Hg(II) than the other investigated cations.
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Fig. 4. Fluorescent intensity ratio (Io/I) of 3.0 mg L™!
fluorescene derivative in the presence of various
studied cations.
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3.3 Optimization of SIA system

Chemical and physical parameters affecting
sensitivity of the developed SIA system was evaluated.
The experiments were performed using standard
solution of Hg)I ((0.01-1.00 mg L'). A major
criterion for selection of an optimal condition was
based on sensitivity (Slope of calibration equation).
Summary of the studied parameters as well as their
studied ranged and optimal conditions were presented
in Table 1. Discussion on each effect is described as
the following details:

Effect of fluorescein derivative concentration
was primarily studied. The studied concentrations
were 0.15, 0.3, 1.5 and 3.0 mg L. It was found that
increasing in concentration of fluorescein derivative
from 0.15 to 1.5 mg L', resulted in higher sensitivity.
However, self-quenching effect was observed at 3.0
mg L. As regarding in term of sensitivity and amount
of the derivative used, a concentration at 0.3 mg L™ of
the derivative was chosen as suitable for further study.
The next investigations were effects of flow rate and
aspiration volume of sample and reagent. Higher flow
rate and aspirate volume led to greater sensitivity. A
flow rate of 200 pL s and an aspiration volume of
200 pL (for both sample and reagent), were selected.
The other physical parameters, i.e., sequence pattern
and length of mixing coil, were also examined. For
sequence pattern, sandwich type (Fluorophore/
Hg(Il)/Fluorophore) and non sandwich type
(Fluorophore/Hg(Il)) were studied. Since sensitivities
obtained by both patterns were the same, non
sandwich type was therefore selected by taking into
account in term of less reagent consumption. For the
effect of mixing coil length, results shown that when
the lengths were extended from 50 cm to 100 cm,
sensitivities were decreased. It was due to dilution
effect. In addition, increasing in the length resulted in
longer analysis time. A length of 100 cm was regarded
as appropriate.

Table 1. Summary on optimization of the SIA system
for spectrofluorometric determination of Hg(IT).
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Parameter Studied Optimal value
range
Concentration of fluorescein
detivatice o 5 0.15-3.0 0.39
Aspiration volume of
sample and reagnet (pL( 50-200 2%
Flow rate (uL s') 100 - 300 200
Sequence pattern Sandwich/ Non-sandwich
Non-sandwich (Fluorophore/Hg(II))

Length of mixing coil }em(_ 50-100 100

3.4 Analytical characteristics of the quenching reaction
of fluorescein derivative by Hg (II) ion

Under the optimal condition, analytical
characteristics of the SIA system were evaluated.
Linear working range of standard Hg(IT) was observed
in the concentration range from 0.01-1.00 mg L
Calibration equation (accordingly to the Stern-
Volmer's relationship) is expressed as the following
equation: To/I = 1.483[Hg (IT)] + 1.051, > = 0.992.
Limit of detection, LOD (yp+3S;) and limit of
quantitation, LOQ (yp+10Sp) were evaluated
accordingly to J. N. Miller et. al.[10]. The values for
LOD and LOQ were of 0.20 and 0.67 mg L7,
respectively. The system also gave high precision
(RSD = 0.9 % at 0.01 mg L! Hg (I)). In term of
analysis speed, a throughput of 60 samples h' was
observed. Example of calibration plot and signal
profiles of standard Hg(IT) are displayed in Fig. 5(a)
and (b).

(a)

Iy/T=1.483[Hg (I] + 1.051
F=0992

o oz o4 o.s os 1
Concentration of Hg(II) mg Ll

Fluorescence Intensicy (a.u.)

Fig. 5. (a) Example of calibration plot and (b) signal
profiles of standard Hg (II) in the concentration range
from 0.01 to 1.0 mg L.

3.5 Application of SIA system to the Hg (II)
determination

The SIA system was applied to
spectrofluorometric determination of Hg (1) in spiked
water samples (tap, drinking and river waters).
Sample pretreatment for tap and drinking water
samples was not necessary. Simple filtration was
carried out for river water prior to measurement.
Results are presented in Table 2. Analytical recoveries
are observed from 97.2 to 105.4 %. This result implies
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that the Hg(Il) determination by the proposed SIA
method is not affected by sample matrices. However,
the original concentration of Hg(II) in non-spiked
samples were not detectable. It was maybe due to
either the concentration is lower than the detection
limit or the samples were not contaminated by Hg(II).
Pre-concentration step is therefore necessary and will
be investigated for the next study.

Table 2. Analytical recovery of spiked water samples,
determined by the proposed SIA method.

Hg (1) added Hg (II) found* Recove
No.  Type gLy gl )
S 1 Drinking water 0.5 0.517 £ 0.01 103.4
S 2 Drinking water 0.5 0.49 £ 0.02 98.1
S 3 Drinking water 0.5 0.518 + 0.01 103.6
S4 Tap water 0.5 0.527+0.02 105.4
S5 Tap water 1.0 1.00 + 0.06 100.0
S 6 Tap water 1.0 1.02+0.05 102.0
S 7 River water 1.0 0.972 £ 0.04 97.2
S 8 River water 1.0 0.977 + 0.02 97.7

Note * mean + SD (n = 3)
4. Conclusions

The SIA system was successfully developed for
spectrofluorometric determination of Hg(Il) in water
samples (Tap, drinking and river waters). Detection
principle is based on quenching of a novel fluorescein
derivative, namely ((E) — 2 - (6 — hydroxyl — 3 — oxo —
5((3-sulfophenyl)diazenyl)-4, 4a-dihydro-3H-xanthen-
9-yl)benzoic acid) in the presence of mercury (II) ion.
The fluorophore was more selective to Hg(II) than the
other studied cations. The SIA system provided high
accuracy and precision with high throughput.
However, pre-concentration step is required for the
next study in order to increase sensitivity of the
method.
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