


2. Experimental 

2.1. Apparatus 

An inductively coupled plasma optical emission 
spectrometry (ICP-AES) (Vista Pro, Seiko Instrument & Varian 
Instrument) was used for measuring arsenic. Some of the 
instrumental conditions used in this work are shown in Table 1. 
In Fig. 1, the flow diagram was shown: the PTFE tubing was used 
for assembling flow lines in a flow-injection pretreatment system. 
The double-plunger pumps (P2 and P4) (F.I.A. Instruments, 
Tokyo, Japan) was used to propel an eluent and a sample solution, 
and the peristaltic pumps (Pi and P3) (ALITEA, Sweden) were 
used for propelling an ammonium acetate and an oxidizing agent 
solution. 

2.2. Reagents 

A 1000 mg 1 -' stock9 solution of As(II1) and As(V) were 
prepared by dissolving analytical reagent grade sodium 
metaarsenite (Wako Pure Chemical Industries, Japan) and 
disodium hydrogen arsenate heptahydrate (Kanto Chemical Co., 
Japan), respectively, in ultra-purified water (resistivity = 18 
Mftcm), which was prepared with Elix 3lMilli-Q Element 
System (Nihon Millipore, Japan). The working standard 
solutions of As(II1) and As(V) were prepared daily by accurate 
dilutions of the standard stock solutions. The oxidizing agent 
solution was prepared by dissolving known amounts of 
potassium periodate (Wako Pure Chemical Industries, Japan) in 
water. The ammonium acetate solution was prepared by 
appropriate mixing of acetic acid (electronic grade: Mitsubishi 
Chemicals, Japan) and ammonia water (29%, electronic grade: 
Mitsubishi Chemicals, Japan). Nitric acid (ultrapure reagent: 
Kanto Chemical Co., Japan) was used as an eluent after 
appropriate dilution with water. An anion exchange resin, 
MuromacO 2x8, 100-200 mesh in cC-form (Muromachi Technos 
Co., Japan), was used for the collection and the concentration of 
As(V) species. The solid-phase collection/concentration unit 
(SCU) was prepared by slurry packing of the anion exchange 
resin into the PTFE tubing (2 mm i.d. x 5 cm), and both ends of 
the tubing were plugged with glass wool (Kishida Chemical Co., 
Japan) for keeping the resin in the unit. The smaller PTFE 
tubings (0.5 mm i.d.) connected at both ends of SCU were 
connected to two ports 'of the 6-way valve. The sample 
solutions were filtered through the membrane filter (mixed 
cellulose ester, 0.45 pm, Advantec, Toyo Roshi Co., Japan) 
before injection. 

2.3. Analytical procedures 

For the on-line collectionlconcentration of both As(II1) and 
As(V), the operating steps for the proposed system (Fig.1) are 
shown in Table 2. The conditioning step involved the washing 
of anion exchange resin packed in SCU with ammonium acetate 
solution and followed by the collection of analytes. Valve Vi 
was used for the selection of the solution (ammonium acetate or 
sample solution) being introduced into the system. At a certain 
pH, i.e. 4.5, only As(V) was present as an anionic species and 
collected on the first SCU, whereas nonionic arsenic species, 
As(III), passed through it, and then it was oxidized to As(V) by 
potassium periodate and collected on the second SCU. The 
removal of the remained matrices and analytes in the manifold 
performed in the washing step was followed by the elution of the 
collected analvtes. In the elution steu. the seauentiallv 

switching of V2 and V3 elute and introduce the sample into the 
detector, and As in SCU on the valve V2 and valve V3, which 
correspond to As(II1) and As(V), respectively, can be detected by 
ICP-AES. The analytical signals of arsenic obtained from the 
instrument were transferred to Microcal Origin programme, 
where graphical plots of the flow signals, as well as the 
computation of peak area and peak height, could be performed. 

Table 1 Instrumental conditions for the detection of As by 
ICP-AES 

Parameters 

RF generator frequency 

Plasma power 

Gas flow rate 

plasma gas 

auxiliary gas 

nebulizer gas 

Spray chamber 

Nebulizer 

Torch 

Emission line for As 

40 MHz 

1.10 kW 

Ar; 15 I min 

Ar; 1.5 1 rnin-l 

Ar; 0.75 1 min-I 

Glass cyclonic type 

K-style concentric type 

One-piece glass type in 

axial view mode 

188.980 nm 

ICP-AES 

@-Eluent (2 M HNO,) 

Load position 

= Solid-phase ion exchanger column: 
PTFE tubing, 2 mm i.d. x 5 cm 

Fig. 1 Flow set up for the speciation of As(II1) and As(V) 

Table 2 Operating steps for the proposed system 

Steps Valve positions Time, min 

Conditioning Load Load Load 1 .O 
Collection Inject Load Load 5.0 
Washing Load Load Load 2.0 
Elution ; As(II1) Load Inject Load 1.5 
Elution; As(V) Load Inject Inject 1.5 

Note: 
"Inject" refers to injection of sample solution and of eluent 
(2 M HNo3). 
"Load" refers to introduction of CH3COONH4 solution. 



3. Results and Discussion 

3.1. Effect of pH on the collection/ concentration of arsenic 
species 

The collection/concentration and the separation of As(II1) 
and As(V) can be achieved by controlling the acidity of the 
solution. As(II1) and As(V) were separated by using the 
difference in acid dissociation constants: the pKa values for 
As(II1) are pKal = 9.2 and pKa2 = 13.5 and for As(V) are pKai = 

2.3, pKa2 = 6.9 and pKa3 = 11.5. From such pKa values, in the 
pH region below (4.9) and above (4.3), more than 99% of As(V) 
is present as an anionic species, HsAs04 , whereas As(II1) is 
present as nonionic species, H3As03, in such pH region. Taking 
into consideration of the acid dissociation, the sample solutions 
were adjusted to pH 4.5. 

3.2. Effect of the concentration of potassium periodate on 
oxidation and collecticfn of As(II1) 

The effect of the concentration of KIO4 solution was 
examined in the range of 0.5 x l ~ ' ~  to 2.0 x l ~ ' ~  M. The 
concentrations of KI04 in the range of 0 . 5 ~ 1  o " ~  M to 1x1 o " ~  M 
resulted in better sensitivity and linearity of calibration graphs 
for the concentration range from 5 to 50 pg 1-1 of As(II1) with 
sensitivity remaining constant. However, when the lower 
calibration range is concerned, i.e. 5 to 20 pg l'l, the sensitivity 
of the calibration graphs decreased significantly. A 
concentration of lx  lo^ M potassium periodate was selected as a 
compromise with respect of the sensitivity and the dynamic 
range. 

3.3. Effect of length of reaction coil and flow rate of KI04 on the 
collection/ concentration of As(II1) 

The oxidation of As(II1) with potassium periodate seemed to 
proceed at slow rate. The oxidation efficiency of 20 pg 1"' 
As(II1) with 1 mM KIO4 at the flow rate of 0.4 ml min'l with 
different length of reaction coil were therefore studied. The 
reaction coils (PTFE tubing, 1.2 mm i.d.) with the length of 1 to 
5 m were examined. The 

l6  I a 

Sample size, ml 

longer the reaction coil (longer 

sample residence time), the lower the analytical signals 
corresponding to As(II1) became. The analytical signals 
correspond to As(II1) reach maximum when using the reaction 
coil length of 2 m. Further increase in the reaction coil length 
resulted in gradual decrease of As(II1) signals. This is probably 
due to the lower adsorption efficiency of the analyte. The lower 
adsorption efficiency of the analyte could be attributed to the 
competition of the adsorption on anion exchange resin between 
the periodate ion and the analyte ion for the exchange site. 

At the flow rate of potassium periodate higher than 0.4 ml 
min'l, a better sensitivity for As(II1) was obtained. However, 
there was no significant improvement in analytical signals of 
As(II1) at the flow rate ranging from 0.5 to 0.8 ml min". 
Therefore, the flow rate of the KIO4 solution at 0.6 ml min" was 
adopted. The reaction temperature from 25 to 60 OC was tested: 
it did not affect the oxidation/collection efficiency of As(II1). 
Therefore, the reaction was allowed to proceed at room 
temperature (25 OC). 

3.4. Effect of eluent concentration on the analytical signals of 
As(II1) and As(V) 

The effective elution of collected analytes could be achieved 
by using nitric acid solutions in the range of 1 M to 2 M, where 
analytical signals for As(II1) and As(V) were constant. The lower 
the nitric acid concentration, 0.5 M and 0.1 M, the poorer the 
elution efficiency and the lower the analytical signals became. 
As a result, 2 M nitric acid was selected as an eluent. 

3.5. Effect of sample size on the analytical signals 

The effect of sample size on the analytical signals of both 
As(II1) and As(V) were examined. At a sample flow rate of 1 
ml min", the collections of 10 pg 1'' of As(11I) and As(V) for the 
sample size of 3 to 30 ml were examined: the results are shown 
in Fig.2. The analytical signals (peak height and peak area) of 
As(V) linearly increased with an increase in the sample size up to 
30 ml. On the other hand, As(II1) showed a slight decrease 
above the sample size of 15 ml. Therefore, sample size of 5 ml 
was adopted for the present purposes. However, the larger 
sample size is useful when higher sensitivity is desired. 
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Fig.2 The effect of sample size on analytical signals; (a) peak Fig.3 Flow signals for 10 pg 1 solution of As(II1) and 
height and (b) peak area of As(II1) and As(V). As(V) obtained by the proposed method 

(The arrows indicate the start of elution with 2 M HN03) 



Table 3 Analysis of freshwater samples by the proposed method 

Sample Add (pg I-') Found (pg 1-' ) % Recovery Found (pg I-') 
(n=3) by ICP-AES a 

As(II1) As(V) As(II1) As(V) As(II1) As(V) Total As (n=2) 

River water 0 0 n.d. n.d. 

5.2 5.2 5.4 1 0.3 5.4 1 0.3 103 101 

Tap water 

Bottled mineral 0 0 n.d. n.d. 

drinking water (BW) 1 5.1 4.9 5.6 1 0.2 9.4 1 0.2 109 110 

n.d.: not detected. 
a: Analysis by direct measurement after the samples were 5 times concentrated by evaporation. 
b: River water sample were sampled on November 17,2003, from the river located near Okayama University, Okayama, Japan. 
c: Storage water in the laboratory building(Venture Business Laboratory; VBL, in Okayama University, Okayama, Japan). 
d: Bottled mineral drinking waters were purchased from a local super market. 

3.6. Application of the proposed method to freshwater samples 

The calibration graphs obtained by using peak area and peak 
height, respectively, for the injection of 5 ml sample in the 
concentration range of 2 to 50 pg 1" were Y= 313X + 105, 
h0.9998 and Y= 24X + 8, ?=0.9994 for As(V), and Y= 300X + 
122, 1^=0.9997 and Y= 22X + 7, 1^=0.9999 for As(III), 
respectively. In the determination of As(II1) and As(V), 
however, calibration graphs using peak height were used for the 
quantitative analysis because of simplicity and better 
reproducibility. The flow signals obtained by using potassium 
periodate method are shown in Fig.3. The freshwater samples 
were collected at local area near our university, filtered through 
the membrane filter (0.45 pm) and adjusted to pH 4.5 with 
ammonium acetate solution prior to analysis. The analytical 
results in Table 3 shows that quantitative recovery for As(II1) and 
As(V) in all samples tested in this study was attained. The good 
recovery for As(II1) in tan water (Table 3) may lead to some 
mi~~nderstanding; basically As(1II)in tap watermay not be 
recovered since the water contains residual chlorine, which can 
readily oxidize As(II1) to As(V). However, the tap water 
analyzed in this study showed good recovery. The reason why 
the As(II1) was recovered was that the tap water tested came 
from the storage tank in the building and did not contain any 
residual chlorine for long storage in the tank. The analytical 
results for As(V) in some bottled mineral drinking waters are in 
good agreement with those obtained by measuring using 
ICP-AES: 50 ml of sample was evaporated to nearly dryness and 
the residue was diluted to 10 ml with 1 M nitric acid prior to 
measurement. 

4. Conclusion 

The simple method for the simultaneous determination of 
As(II1) and As(V) by ICP-AES and flow injection solid-phase 

collection/ concentration system was developed. As advantages 
over the other reported methods, As(II1) and As(V) can be 
determined in a single analysis run, and the detection sensitivity 
for arsenic was improved for about 10 times compared with the 
conventional direct measurement by ICP-AES. 
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