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A sequential injection analysis system for determination of arsenic based on hydride generation and flu-
orescence quenching of mercaptoacetic acid capped cadmium sulfide quantum dots (CdS-MAA QDs)
is described. The generated arsine diffused across the PTFE membrane in a gas-diffusion unit and
subsequently interacted with CdS-MAA QDs. The parameters affecting the arsine generation and the
fluorescence quenching of QDs were studied. Under the optimum conditions, it was observed that a
increase in the concentration of As(IIl) corresponded well to a decrease in fluorescence intensity accord-
ing to the Stern-Volmer relationship. The extent of quenching was dependent on the concentration of
arsenic in the range of 0.08-3.20 mmol L-!, with the detection limit of 0.07 mgL-!. The precision (%RSD)
from eight replicates of the determination of As(IIl) 1.0 mg L-! was found to be 1.4%. The proposed method
was applied to the determination of arsenic in ground water samples with satisfactory recoveries.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Arsenic has been recognized as one of the most toxic elements
[1]. Several analytical methods have been developed to detect
arsenic in various sample matrices. Atomic absorption spectrome-
try (AAS) is the most frequently used method which involves the
reduction of arsenic to arsine and then detection as the hydride in a
quartz cell. Although this approach is very sensitive and selective, it
uses expensive instrumentation with high operating cost. Analyt-
ical techniques based on spectrophotometry, including UV-visible
[2] and spectrofluorometry [3], have been successfully applied for
determination of arsenic. Automated flow injection (FI) techniques
coupled to spectrophotometry have also been used [4]. In addi-
tion, the selectivity of the FI methods has been improved by the
introduction of an online gas-diffusion unit (GDU) [5,6].

Another method which provides sensitivity comparable to AAS
is chemiluminescence (CL) detection. Inorganic arsenic species
have been successfully determined in batch and FI systems using
luminol-based chemiluminescence detection [7-9]. However, flu-
orescent dyes have some limitations including instability, broad
emission spectra and low signal intensities.

During the past two decades, quantum dots (QDs) have gained
considerable attention in chemistry. QDs are widely used as flu-
orescence probes or sensors [10-19]. For analytical application,
the surface of QDs needs to be modified by stabilizing agents such
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as L-cysteine and mercaptoacetic acid (MAA) [10-13]. It has been
reported that the types of the stabilizing agents influence the opti-
cal and chemical properties of QDs on the surface [16]. During
the last few years, there have been many reports on the applica-
tion of CdS QDs as the fluorescence probe for determination small
molecules and ions based on the fluorescence quenching strat-
egy [11,12,14,15]. For example, Chen and Zhu [10] investigated
L-cysteine capped CdS QDs as a luminescence probe for heavy and
transition metal (HTM) ions in aqueous solution. They found that
the photophysics of the fluorescence emission from the functional-
ized CdS QDs was significantly influenced by Ag(I). Koneswaran and
Narayanaswamy [11] demonstrated that Hg(II) can quenched MAA
capped CdS QDs. This method can be used to detect the mercury ion
at nanomolar levels with no interference from other serious coex-
isting cations. Wu and Zhao [13] applied MAA capped CdS QDs for
the determination of hydrogen selenide ions (HSe™ ions), at micro-
molar to sub-micromolar levels. Recently, Wang et al. [ 19] reported
a novel fluorescence spectrometric method for the determination
of As(III) at ultra trace level by using glutathione capped CdTe QDs.
As(III) has a high-affinity to interact with glutathione capped CdTe
QDs whereas MAA capped CdTe or CdTe/ZnS QDs have no response
to As(II). However, the determination of arsenic based on quench-
ing fluorescence intensity measurements of CdS-MAA QDs has not
yet been reported. Since it has been reported that As(Ill) and AsHs3
can interact with -SH group and S-S bond [20-23], the interaction
of AsH3 and MAA capped CdS QDs was expected.

This work is aimed at developing a new method for arsenic
determination based on the fluorescence quenching of MAA capped
CdS quantum dots. The online arsine generation was carried out
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Fig. 1. Schematic diagram of the on-line gas diffusion system.

using a sequential injection analysis (SIA) system coupled with
GDU. Then, the generated arsine diffused through PTFE membrane
to the CdS-MAA QDs stream and caused the fluorescence quench-
ing. The concentration of arsenic was related to the quenching
efficiency of the fluorescence intensity. The validation and appli-
cation of the purposed method was investigated in water samples.

2. Experimental
2.1. Reagents

All reagents were of analytical-reagent grade and used with-
out further purification. All aqueous solutions were prepared
with deionized water with a resistivity of 18.2MQcm (Mil-
lipore, France). Cadmium chloride (CdCl,-H,0) was purchased
from Riedel-de Haén (German). Mercaptoacetic acid (MAA) was
obtained from Sigma Aldrich (USA). Sodium sulfide (Na;S-9H,0)
was obtained from BDH (England). Sodium borohydride (NaBHy)
and As(III) stock solution (1000 mgL-') were obtained from Fluka
(USA). Standard solutions of As(Ill) were made up daily by appro-
priate dilution of the As(Ill) stock solution with 0.5molL-! HCI
solution. The As(III) stock solution was kept in a sealed container in
a refrigerator at 4°C when not in use. The AAS standard solutions
(1000 mgL-1) of all metal ions and other reagents were purchased
from Carlo Erba (France). The acetate buffer solution was made from
0.1 mol L1 acetic acid/sodium acetate and adjusted to appropriate
pH by 1.0mol L-! NaOH against the pH meter.

2.2. Instrumentation

The flow system (Fig. 1) consisted of a 10-port VICI® multipo-
sition valves (Valco instruments Co. Inc., USA), a Cavro® syringe
pump (Tecan Group Ltd., Switzerland) and a Watson Marlow 505S
peristaltic pump (Watson Marlow, USA). The GDU consisted of
two rectangular Perspex blocks (15.0 cm length, 5.0 cm width and
1.5 cm height) held together by stainless steel screws. Each block
was groove drilled (3 grooves, 100 mm length, 1 mm width and
1 mm depth for each groove) and they were separated by a PTFE
membrane of 0.076 mm thickness.

The length of reaction coil (R2) was fixed at 500 cm to generate
arsine and provide a controlled release of generated gas in the GDU.
Areaction coil (R1, 100 cm) was used for mixing CdS-MAA solution
and acetate buffer solution. The length of reaction coil (R3) was
varied from 30 to 100 cm. All connecting lines and the reaction coils
were made from 0.5 mm i.d. Teflon tubing.

A Shimadzu RF-5301pc spectrofluorometer (Shimadzu, Japan)
was used for recording the fluorescence spectra. All fluores-

cence spectra were obtained at room temperature using a xenon
lamp as the excitation source equipped with a 3.5-mL standard
quartz cuvette (10mm x 10mm) or Shimadzu RF-540 flow cell
unit. An Agilent 8453 UV-visible Spectrophotometer (Agilent, USA)
equipped with a 1cm quartz cell was used for recording the
absorption spectra. IR spectroscopy was performed by a Perkin
Elmer Spectrum GX FT-IR/FT-Raman spectrometer (Perkin Elmer,
USA).

2.3. Procedure

2.3.1. Synthesis of mercaptoacetic acid capped CdS

Water-soluble CdS QDs capped by MAA were synthesized fol-
lowing the method reported by Winter et al. [24] with some
modifications. CdCl;-H;0 (3.7751 g, 18.75 mmol) was dissolved in
200 mL of water. Then, MAA (37.50 mmol) was added into the solu-
tion under stirring and the solution pH was adjusted to 10.5 with
1 mol L~! NaOH solution. After that, 10 mL of the aqueous solution
containing 1.4632 g of Na,S-9H,0 (18.75 mmol) was quickly added
to the Cd?* solution with vigorous stirring and the solution grad-
ually turned yellow. The reaction mixture was stirred at 65 °C for
60 min and then aged at room temperature in air for 3 h without
stirring.

2.3.2. Hydride generation gas diffusion flow system

The arsine was generated by the reaction in Eq. (1).
Using the online gas diffusion system (Fig. 1), the aspiration
flow rate of sample, HCl, and NaBH4 solution were set at
50 wLmin~!. Aliquots of the HCI (2 x50 uL), sample or stan-
dard solution of arsenic (3 x 100 L) and NaBH4 (2 x 200 pL)
were sequentially aspirated into the holding coil (R2) through
ports 2, 4 and 3, respectively. The aspiration sequence was
HCI/As(III)/NaBH4/As(IlI)/NaBH4/As(IlI)/HCl and the generated
AsH3 was propelled to donor channel of the GDU through port 6 at
a flow rate of 20 pLmin~!. Generated arsine diffused through the
PTFE membrane and interacted with CdS-MAA QDs in 10 mmol L~!
acetate buffer (acceptor stream). The analyte was preconcen-
trated by the stopped-flow time of the acceptor stream for 90s.
The acceptor was then delivered to the fluorescence detector
at a flow rate of 0.5mLmin~! through a 50-cm reaction coil
(R3).

As(OH); + 3BH; + 3H" — AsHj3 + 3BH3 + 3H,0 1)
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Fig. 2. Absorption (A) and room temperature fluorescence spectra (B) of CdS-MAA
QDs.

3. Results and discussion
3.1. Characteristics of CdS-MAA QDs

The optical properties of CdAS-MAA QDs were studied using
the UV-visible spectrophotometer and spectrofluorometer. The
absorption spectrum of CdS-MAA QDs is shown in Fig. 2(A), with a
weak shoulder at around 375 nm. From the position of the absorp-
tion edge, the average particles size can be estimated using the
well-established relation between particles size and absorption
onset [24-26]. The absorption edge (A¢) is converted into the corre-
sponding particle size using Henglein’s empirical curve that relates
Me to the diameter (2R) of the particles as shown in Eq. (2).

0.1 2)
(0.138 — 0.0002345A) nm

2Rcgs =

From Fig. 2(A) the absorption edge (Ae) was obtained by the
intersection of the sharply decreasing region of the spectrum with
the baseline and found to be 450 nm. Based on the absorption onset
of the synthesized CdS-MAA, the average diameter is ~3.1 nm, cal-
culated using Henglein’s empirical curve which has been widely
used to calculate the particle size of CdS QDs capped by thiol
molecule [26]. Using Peng’s empirical curve [27], the average diam-
eter was calculated to be ~5.3 nm. However, Peng’s empirical was
derived using a difference type of ligand and different synthesis
methods. TEM image (Fig. 3) showed a high distribution of par-
ticle size and provided larger particle size estimates than those
from the three-dimensional confinement models mentioned above.
Since the average particle size of QDs in this work is out of the
ranges that cover by both approaches neither model is appropriate
for estimating the particle size of QDs in this study [27].

The fluorescence characteristics of the synthesized QDs were
also investigated by exciting at 375 nm. The CdS-MAA QDs emit-
ted the fluorescence with symmetrical spectrum showing the
maximum intensity at 510 nm (Fig. 2(B)). The full width at half-
maximum (FWHM) of CdS-MAA QDs was ~120nm with the
quantum yield of ~1.23% which corresponded to the particle size
dispersion of the synthesized QDs [28]. Moreover, the CdS-MAA
QDs were also characterized by FT-IR spectroscopy. From IR spec-
tra (Fig. 4), peaks for carboxyl and carbonyl groups on the surface
of the CdS-MAA QDs were observed. The IR spectra showed the
significant peaks at 1567, 1387, and 1228 cm~! and loss of peaks
ataround 2572 cm~! which confirmed that the MAA was function-
alized on the surface of CdS QDs [11,29]. In addition, peaks were
observed at wavenumbers 500-700 cm~!, indicating the presence
of Cd-S bond [24,26].

Fig. 3. TEM image of CdS-MAA QDs. 500-nm scale bar.

From the above evidence, it can be concluded that CdS-MAA
QDs was successfully synthesized. The CdS-MAA QDs were stable
in the dark under ambient conditions for at least a month without
obvious.

3.2. Effect of CdS-MAA QDs concentration on fluorescence
intensity

The concentration of CdAS-MAA QDs was optimized for the
determination of arsenic. The fluorescence intensity increased dra-
matically with the increase in the CdS-MAA QDs concentration,
with the maximum concentration of 5.0 mM. It decreased at higher
concentrations (data not shown). The decreased fluorescence
intensity at higher concentrations may be due to self-quenching
of fluorescence of the CdS-MAA QDs [11].
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Fig. 4. The FT-IR absorption spectra of CdS-MAA before (a) and after (b) interaction
with arsine.
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Fig. 5. Effect of pH on the fluorescence intensity and Ip/l; Aem=510nm
(Aex=375nm). 1.87 mmol L~! of CdS-MAA QDs and 1.0mgL"! of arsenic.

3.3. Effect of pH on luminescence of CdS-MAA QDs

The influence of pH on the fluorescence of CdS-MAA QDs was
studied and the results are shown in Fig. 5(a). The maximum fluo-
rescence intensity was observed at pH 4.6, resulting from the strong
interaction between QDs and MAA [30]. Higher pHs (pH > 4.6) pro-
vided lower intensities which may be due to the formation of
hydrated products and decreased solubility of QDs [11-13]. Lower
pHs (pH<4.6) also showed lower fluorescence intensities, indi-
cating the precipitation of CdS nanocrystal. In acidic medium, the
detachment of the ligand (MAA) from the QDs has been reported
[30,31].Asnoted in Fig. 5(a), pH is a critical parameter affecting fluo-
rescence intensity, so different buffers were then studied to control
pH of the QDs solution. Acetate buffer provided higher fluores-
cence intensity compared to phosphate buffer and did not affect the
fluorescence intensity of CdAS-MAA QDs. Therefore, acetate buffer
(10mmol L-1) was chosen for further studies.

In addition, it was found that the solution pH also affect to the
quenching ability of CdS-MAA QDs fluorescence intensity by AsHs.
The solution pH was studied and the results were evaluated in
terms of the relative fluorescence intensity (Iy/I). It can be seen
in Fig. 5(b) that at pH 4.6 the I/l was the highest, indicating the
maximum quenching by AsHs. Therefore, pH 4.6 was chosen for
further experiments.

3.4. Effect of arsine on the fluorescence intensity of CdS-MAA QDs

The fluorescence spectra of CdS-MAA QDs were studied in the
semi-batch system. The arsenic concentration was varied from 0.1
to 8.0mgL-1. The acceptor stream (CdS-MAA QDs) was separated
from the donor stream (arsenic, HCl and NaBH4) by the PTFE mem-
brane. Arsenic was converted into arsine by mixing with the NaBH,4
solution in the holding coil (R2) before passing to the GDU. After
the generated arsine passed through the PTFE membrane and inter-
acted with CdS-MAA QDs stream, the mixing solution zone was
then delivered into detector and the fluorescence spectrum was
recorded.

Fig. 6 depicts the absorption and fluorescence emission spectra
of CdS-MAA QDs in the absence and presence of arsine at differ-
ence concentrations of arsenic. A decrease in fluorescence intensity
of the CdS-MAA QDs solution was observed when there was inter-
action with arsine. The fluorescence intensity and absorbance of
CdS-MAA QDs gradually decreased with increasing concentrations
of arsenic. In addition, it is clearly seen that the fluorescence band
centered at 510 nm (excitation 375 nm) and the absorption spec-
tra did not shift with increasing concentration of arsenic. When the
arsenic concentration was increased to 8 mgL~1, the CdS-MAA QDs

fluorescence was completely diminished. Considering the signifi-
cant quenching of fluorescence intensity, this observation suggests
the possibility of developing a sensitive method for determination
of arsenic based on the quenching of CdS-MAA QDs.

3.5. Online determination of arsenic

The experimental parameters affecting the hydride generation
were optimized to achieve high sensitivity, good precision and
high sample throughput. For the system shown in Fig. 1, the sys-
tem parameters (concentrations of HCI, NaBH,4, CdAS-MAA QDs and
acetate buffer) were optimized. Furthermore, the dispensing flow
rate, sample volume and stopped-flow time were also investigated.
The working ranges within these parameters were varied, along
with the corresponding optimal values are presented in Table 1.

3.5.1. Hydride generation (donor stream)

The optimization of the donor stream was intended to achieve
high yield arsine generation and to ensure that most of the gener-
ated arsine could pass through the PTFE membrane to the acceptor
stream. The studied parameters were the concentration of HCl
and NaBHy4, the dispending flow rate, the sample volume. The
aspiration flow rates of all reagents were set to be identical at
50 wLmin~!. The length of holding coil (R2) was fixed at 500 cm
and provide a controlled release of generated gas in the GDU. While
varying the parameters of the donor stream, the conditions used
with the acceptor stream were fixed as follows: CdS-MAA QDs
2.0mmol L1 dissolved in acetic-acetate buffer 10 mmol L~! with
a delivery flow rate of 0.5 mLmin~'. It was observed that when the
generated arsine passed through PTFE membrane to the acceptor
stream, some waiting time was required to ensure interaction with
CdS-MAA QDs. From this reason, the solution flow was stopped
for various time intervals and it was found that 1 min after the
arsine zone arrived to the GDU was optimal. The optimum value
of each parameter describe above was chosen based on the maxi-
mum quenching efficiency and signal intensity are summarized in
Table 1.

The mixing order of the solution can affect the efficiency of the
arsine generation [32]. Four patterns of the flow segmentation were
investigated (in Table 1). The results showed that the aspiration
sequence of HCI/As(II)/BH4~ /As(II1)/BH4~ /As(III)/HCI provided the
maximum yield of arsine, as indicated by the maximum quenching
of the fluorescence.

The dispensing flow rate of the donor stream was another
important parameter in the on-line gas-diffusion analyses that was
varied, since it determines the contact time between the arsine and
the semi-permeable membrane and, therefore, the efficiency of the
diffusion process. It was found that when the flow rate decreased
from 60 to 10 pLmin~!, the relative fluorescence intensity (Ip/I)
increased more than 300% (data not shown). In order to compro-
mise between sensitivity, peak broadening and sample throughput,
the flow rate of 20 uLmin~! was chosen.

The influence of the sample volume was studied in the
range of 90-600 L. Using the aspiration pattern number
4, (HCI/As(III)/BH4~ /As(1l1)/BH4~ [As(III)/HCl), the Ip/I sharply
increased with the sample volume up to 300 pL. However, the
increase in the Iy/I ratios were not related to the sample vol-
umes higher than 300 p.L. Therefore, the sample volume of 300 pL
(100 L x 3) was selected.

The effects of NaBH4 and HCl concentrations were also studied
as shown in Fig. 7. The HCI concentration was varied over the range
of 0.3-0.9mol L~1. The signal increased with the increasing of HCI
concentrations from 0.3 to 0.5 mol L~!, while leveling-off occurred
thereafter. Thus, 0.5 mol L-! was selected. In addition, the volume of
HCl was studied in the range of 100-300 L, and peak heights were
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Fig. 6. Absorption (A) and fluorescence emission (B) spectra of CdS-MAA QDs in the absence and presence of different concentrations of arsenic (arsine) pH 4.63; Aem =510 nm

(Aex=375nm) 0.2 mmol L-! CdS-MAA QDs.

found to be virtually unaffected in the studied range. Therefore,
200 L (2 x 100) was chosen since it provided sufficient acidity.

The concentration of NaBH4 was studied from 0.3 to 0.9% (w/v).
The Iy/I slightly decreased with higher concentrations of NaBH4
(0.6-0.9, % w/v). This may be due to the generation of hydrogen gas
bubbles which have the solubility in aqueous media higher than
arsine and are able to diffuse through the PTFE membrane and mix
with the CdS-MAA solution. Thus, the interaction between arsine
and CdS-MAA should decrease. The hydrogen generation during
hydride generation has been reported by others [5,33]. Therefore,
the value of NaBH4 0.5% (w/v) was chosen for further studies.

In addition, increasing the total volume of NaBH4 from 100 to
400 pL resulted in an increase in the Iy/I ratio. However, the Iy/I
ratio gradually decreased when the volume increased to 600 L.
Therefore, 400 L (2 x 200 L) of NaBH4 was chosen.

3.5.2. Acceptor stream

The parameters affect the fluorescence intensity of CdS-MAA
QDs were investigated using the optimum condition obtained from
Section 3.5.1. The studied parameters were the solution pH and the
buffer concentration. The concentration of the acetate buffer was
varied from 5 to 30 mmolL-! and it was found that 10 mmol L-!
acetate buffer (pH 4.63) provided the maximum signal.

Moreover, the time required for the arsine to pass through PTFE
membrane was also investigated in terms of the stopped-flow time

Table 1
Optimization of the on-line hydride generation gas diffusion system.

of the acceptor stream when the arsine zone reached the mem-
brane. The contact time can enhance arsine mass transfer towards
the membrane in the donor stream and compensate for the dis-
persion effect in the acceptor stream. The results revealed that
the signal obtained from the system by controlling the stopped-
flow time of the acceptor stream was considerably higher than
those obtained from the configuration with continuous accep-
tor stream. The stopped-flow time was then studied from 0 to
120s. The results showed that the signal increased with increasing
stopped-flow time up to 90s and then the signal decreased when
the stopped-flow time was longer than 90s. This may result from
zone broadening of the analyte due to the use of the stopped flow-
time mode [34] or there may be more interference (hydrogen and
its subsequent oxidation) from the donor stream passing through
the membrane and interact with CdS-MAA QDs [33].

The interaction of arsine and CdS-MAA QDs was investigated
by varying the length of the reaction coil (R3) in the range of
30-100 cm. The maximum signal was obtained at a length of 50 cm,
thus this length was adopted for further experiments to provide the
adequate mixing of the generated arsine and CdS-MAA solution.

Using the optimum conditions (as summarized in Table 1), the
blank and standard As(IIl) were studied and the obtained signals
are shown in Fig. 8. It is clearly seen that the fluorescence inten-
sity decreased only in the presence of arsine, while there was no
significant decrease in the fluorescence intensity in the blank solu-

System parameter

Range studied

Optimal value

Donor stream
NaBH, concentration (%, w/v) 0.3-0.9 0.5
HCI concentration (molL~1) 0.3-0.9 0.5
Flow rate (L min~') 10-60 20
Sample volume (L) 90-600 300 (100 x 3)

Acceptor stream

Concentration of CdS-MAA QDs (mmol L) 0.1-2.0 1.87
Concentration of acetate buffer pH 4.63 (mmol L) 5.0-30 10
Flow rate (mLmin~1) 0.5-1.0 0.5
Stopped-flow time (s) 0-120 90

Aspiration pattern

(3) HCl/As(III
(4) HCl/As(III
30-100 50

Reaction coil length; R3 (cm)

(1) HCl/As(II
(2) HCl/As(II
(
(

/BH,4~[HCI 4
/BH,~ [As(Ill)/BH4~ /HCI

/BH,~ [As(Il)/HCl

/BH,~ /As(1II)/BH, ~ [As(II1)/HCI
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tion (HCI and NaBH4). These results indicate that the use of the
PTFE membrane has eliminated the effect of ions which interfere
in arsenic determination via arsine generation.

3.6. Possible interaction between CdS-MAA QDs and generated
arsine

Several quenching mechanisms have been proposed to explain
how metal ions quench the fluorescence of functionalized QDs:
inner filter effect, non-radiative recombination pathway, electron
transfer process and ion binding interaction [10-19]. Fig. 6 shows
the absorption and fluorescence emission spectra of CdS-MAA QDs
in the absence and presence of different concentrations of arsenic.
According to the absorption and fluorescence emission spectra of
QDsin the presence of arsine (Fig. 6), there was no significant shift of
the full width at half-maximum (FWHM) of the fluorescence spec-
tra and the absorption spectra when increasing the concentration
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Fig. 8. Fluorescence signal obtained from the triplicate determination of 0.2 mgL~!
As(III) standards (solid line) and reagent blank (broken line) under the optimum
conditions.
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Fig. 9. Plot of the Ip/I value against arsenic concentration. Concentrations of arsenic
used were 0.08,0.10, 0.20, 0.30, 0.50, 0.60, 1.0, 1.20, 1.60, 2.20, 2.80 and 3.20 mg L.
Each point was averaged from at least three replicates, operated at ambient tem-
perature.

of arsenic. It can be concluded that the quenching mechanism may
occur only on the functionalized groups [13]. According to the IR
spectra (Fig. 4) of the QDs after contact with the generated arsine,
new peaks at 1160, 1050 and 1020 cm~! were observed. More-
over, the relative peak intensities at around 500-800cm~! were
changed from those of CdS-MAA QDs. This observation may due to
the formation of new bonds on the functional group of QDs [35]. In
addition, it has been known that arsine is a strong reducing agent
and the ability of arsine to reduce the covalent bond was reported
[20-23]. From the above evidences, the quenching of CdS-MAA QDs
fluorescence intensity in this study may due to the formation of
As-S on MAA functional group of CdS-MAA QDs surface.

3.7. Calibration and reproducibility

The Stern-Volmer equation [12], Eq. (3), was applied to
investigate the relationship between quenching efficiency and con-
centration of quencher (i.e., As concentration)

ITOZKS"C“ 3)

Iy and I are the fluorescence intensities in the absence and pres-
ence of arsine, respectively. Plotting Iy/I as a function of C yields
a linear plot with a slope equal to Ksy. When varying the arsenic
concentrations, the results obtained (Fig. 9) were well correlated
with the Stern-Volmer equation in two linear ranges. Both ranges
in which the fluorescence is not completely quenched yielded
the following equations: Io/I=0.4946C —1.0917 (C in mgL-1) for
0.08-1.00mgL~! of As (r2=0.9919) and Iy/I=8.3895C — 6.4276 (C
in mgL-1) for 1.00-3.20mgL~! of As (r2 =0.9972). The two linear
slopes are likely to be a result of different sizes of separate popula-
tions of QDs. This correlates well with the TEM of the synthesized
QDs. Since the CdS-MAAs prepared in this work showed high vari-
ation in particle size distribution, the quenching efficiency may be
different. The two linear working ranges this may be the resulted
of different abilities of smaller and larger particles to interact with
generate arsine [36]. The calibration curves of both concentration
ranges are depicted in Fig. 9. The Stern-Volmer quenching con-
stants (Ksy) were 3.76 x 104 and 6.32 x 10° M~ for the lower and
upper concentration ranges, respectively. The detection limit (LOD)
was found to be 0.07 mg L~ using the criterion of 3 times the stan-
dard deviation of the blank signal. The precision (%RSD) from eight
replicates of the determination of 1.00 mg L~ As(Ill) was 1.4%, indi-
cating that the proposed method provided good sensitivity and
good precision.
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Table 2
Interference study.

Foreign ion Tolerance limit (mgL-1)
5042 500
NOs3~ 500
CO52- 500
PO43~ 500
Cl- 500
Br- 500
I- 500
Niz* 5.0
Cu?* 5.0
cd* 5.0
Fe3* 5.0
Pb%* 5.0
Hg** 0.5
Table 3

Percentage recovery of arsenic in synthetic sample.

Arsenic added (mgL—") Arsenic found (mgL-") Recovery (%)?

0.00 N.D. N.D.

0.10 0.09 93+2.0
0.50 0.49 95+0.7
1.00 0.98 93+1.7

N.D., not detected.
2 Average £S.D. (n=3).

3.8. Interferences

The selectivity of the present method was evaluated by studying
the influence of common anions and cations on the determination
of arsenic in binary mixture system. The experiments were car-
ried out by fixing the concentration of As(Il) at 0.5 mg L~! and then
recording fluorescence intensity before (Is) and after adding the
foreign ion (Isg). The tolerance level is defined as resulting relative
error (%RE)=(Is — Isg)/Isg x 100 less than +5%. The results of inter-
ference studied are shown in Table 2. From the results, the common
anions such as chloride, carbonate, nitrate, phosphate and sulfate
did not interfere at concentrations up to 500 mgL~!. The interfer-
ence of transition metal ions was also investigated. It was found that
Hg(Il) gave significant negative bias when present at concentration
equivalent to As(III). On the other hand, Fe(III), Ni(II), Cu(II), Pb(II)
and Cd(II) could be present (<5% interference) at concentrations up
to5mgL-1.

3.9. Application to ground water sample

The feasibility of the proposed method was evaluated by total
arsenic determination of ground water and spiked ground water
samples. The samples were digested using concentrated HCI and
heating at 90 °C for 30 min. The results showed that arsenic was not
detected in all studied samples. However, accuracy was evaluated
from recovery by spiking As(III) at different concentrations into the
sample matrices. Percent recoveries were in the range of 93-95%,
as summarized in Table 3, demonstrating good accuracy.

4. Conclusions

A detection method for As(Ill) based on the fluorescence
quenching of CdS-MAA QDs after interaction with generated arsine
via the automated flow system was successfully developed. The
FI system was used for controlling the generation of arsine from
As(IlI). The generated arsine diffuses through PTFE membrane in
GDU to interact with CdS-MAA QDs in an acceptor stream which
controlled the flow rate by FI and finally transport into a spec-
trofluorometer. The high selectivity of the assay against commonly

reported interfering ions in arsenic determination is a result of the
membrane based GDU separation and the specificity of the inter-
action between arsine and CdS-MAA. The detection limit of this
proposed method was 0.07 mgL-'. There were no serious inter-
ferences from common anions and other transition metal ions
at low concentrations. The proposed method was applied to the
determination of As(IIl) in spiked ground water samples with good
recoveries (93-95%). In addition, this method is simple, automated
and reliable for screening total arsenic in environmental samples.
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