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Abstract

A sequential injection (SI) method in a lab-on-valve (LOV) format for simultaneous spectrophotometric determination of copper and
iron has been devised. The detection chemistry is based on the complex formation of 2-(5-bromo-2-pyridy\aze)rbgy!-N-(3-
sulfopropyl)amino]aniline (5-Br-PSAA) with copper(ll) and/or iron(ll) at pH 4.6. Copper(ll) reacts with 5-Br-PSAA to form the complex
which has an absorption maximum at 580 nm but iron(lll) does not react. In the presence of a reducing agent only iron(Il)-5-Br-PSAA
complex is formed and detected at 558 nm. Under the optimum experimental conditions, the determinable ranges are 6 for2amper
and 0.1-5 mg? for iron, respectively, with a sampling rate of 18'hThe limits of detection are 50g I-* for copper and 25.g I-* for iron.

The relative standard deviations5) are 2% for 0.5 mgt copper and 1.8% for 0.5 mgl iron when determined in standard solutions.

The recoveries range between 96 and 105% when determining 0.25=2 ofgdopper and 0.2-5mg?! of iron in artificial mixtures at
copper/iron ratios of 1:10 to 5:1. The proposed SI-LOV method is successfully applied to the simultaneous determination of copper and iron
in multi-element standard solution and in industrial wastewater samples.

© 2005 Elsevier B.V. All rights reserved.
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1. Introduction factories leads to effluvial and reddish water. Recent indus-
trialization in Thailand has exerted considerable stress on the
Copper and iron are essential elements for living organ- marine environments and provoked habitat degradd#ipn
isms including human being. Lack of these elements in the Therefore, the determination of copper and iron is required
daily diet may result in the development of serious diseases.for quality assessment of wastewater.
However, excess uptake of copper andiron through water pol-  The guideline values in wastewater set by Japanese gov-
lution results in acute and/or chronic poisoning. As early as ernment are 3mgH for copper and 10mgH for iron,
the late 1800s, water pollution occurred as a consequence ofespectivel\{5]. Although diethyldithiocarbamate and 1,10-
industrial waste dumping at the Ashio copper mine in Japan phenanthroline spectrophotometric methods are utilized for
[1]. For sick infants and children, even tap water can cause individual determination of copper and ir@|, inductively
their chronic copper poisonirig]. Itis well known thatsheep  coupled plasma atomic emission spectrometry (ICP-AES) is
are the domestic animals who are most prone to the copperusually exploited for simultaneous determination of multi-
poisonindg3]. And also, large amount ofiron discharged from elements including copper and iron. However, the running
cost and operator skill requirement for ICP-AES are high, so
* Corresponding author. Fax: +81 565 480076. a cost-effective and affordable technique for copper and iron
E-mail address: tadsakai@aitech.ac.jp (T. Sakai). determination is desired.
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Flow injection analysis (FIA) conceived by Ruzicka and fully suppressed by using spacers including 5-Br-PSAA. The
Hansen in 19757] is one of flow-based techniques and proposed method can be applied to industrial wastewater
has been applied to many fields such as atmospheric gasanalysis.
analysis[8], water analysig9], bioassay{10,11], pharma-
ceutical analysi§l2—14]and so on for the last few decades.

Recently, Sakai and co-workefd5] reported a simul- 2. Experimental

taneous spcetrophotometric determination for copper and

iron in sera using 2-(5-bromo-2-pyridylazo)-5-[N-n-propyl- 2.1. Reagents

N-(3-sulfopropyl)amino]anilind16] (5-Br-PSAA) by FIA

equipped with twin flow cell. The limits of detection (LOD) All of the chemicals were of analytical-reagent grade and
were 0.39.g 171 for copper and 0.20g 11 for iron. This they were used without further purification. All solutions
high sensitivity allowed the volume of serum sample to be were prepared with deionized water purified with an Advan-
minimized. However, analysis of wastewater for copper and tec Aquarius GSH-210 system.

iron does not need such highly sensitive method because Commercially available 1000mgt copper(ll) and
relatively large volumes of wastewater samples are usually iron(l1l) standard solutions for atomic absorption spectropho-
available compared to biological materials. In addition, due tometry (Wako, Osaka) were used. Working solutions of
to its continuous flow character, FIA essentially tends to con- copper and iron were prepared by appropriate dilution of the
sume reagent(s) even when an analyte is not measured.  standard solutions with 0.01 moii hydrochloric acid.

Sequential injection analysis (SIA) was developed as A 2 x 10-3moll~1 5-Br-PSAA stock solution was pre-
the second generation of flow injection techniques in 1990 pared by dissolving 0.096 g of 2-(5-bromo-2-pyridylazo)-
[17,18]. In a SIA system, microlitre volumes of sample and 5-[N-r-propyl-N-(3-sulfopropyl)amino]aniline, sodium salt
reagents are aspirated at programmed time intervals by a(Dojindo Laboratories, Kumamoto) in 100 ml of water.
syringe pump that provides for bi-directional discontinuous 4 x 104 (for copper determination) and>710-% mol |1
flow. Therefore, the consumption of reagents and sample in(for iron determination) 5-Br-PSAA solutions were prepared
SIA is usually smaller than that in FIA. Moreover, the same by dilution of the stock 5-Br-PSAA solution with water and
SIA setup can be used for different assay protocols without a 5x 10~>moll~1 5-Br-PSAA solution as a carrier and a
changing configuration of the system. As highlighted in a spacer as well was prepared by dilution of the same stock
review by Lenehan et aJ19], over 200 papers on SIA have  solution with 0.01 molt? hydrochloric acid.

been published in the recent decade. A 1 x 102 mol -1 ascorbic acid solution was daily pre-
Many researchers utilized sequential injection (Sl) tech- pared by dissolving 0.035g af-ascorbic acid (Wako) in
nigue with UV—vis detection for the assay of cop{9,21] 10 ml of water. A 5x 10~* mol = L-ascorbic acid solution

or iron[22-29]. The Sl technique was employed as a meanswas prepared by dilution of the stock solution with water.

of the sample introduction into flame atomic absorption A 0.2 mol =1 acetic acid solution was prepared by dilut-
spectrometric detector for the determination of zinc, man- ing 0.6 ml of acetic acid (Sigma—Aldrich Japan, Tokyo) to
ganese, iron and copper in wirfg0]. FI and Sl systems 50 ml with water. A 0.2 molt! sodium acetate solution was
with anodic stripping voltammetric detection were exploited prepared by dissolving 1.35g of sodium acetate trihydrate
for the simultaneous determination of cadmium, copper, (Nakalai Tesque, Kyoto) in 50 ml of water. These solutions
lead and zinc in wastewater samp[84]. SI method with were mixed to prepare a buffer solution (pH 4.6).

UV-vis detection has also been utilized for the determi-

nation of binary species in water sample: iron(lll)=iron(ll) 2.2. Apparatus

using Tiron[29], chromium(VI)—chromium(lll) using 1,5-

diphenylcarbazide with wetting film extraction technique The scheme of manifold of the computer-controlled SI-

[32] and cobalt(ll)—nickel(Il) with differential kineticf33]. LOV system (FIAlab 3000, FlAlab Instruments, USA) used
However, there is no report on simultaneous determinationis shown inFig. 1. The system consists of a 2.5 ml syringe
of copper and iron by Sl system with UV—-vis detection. pump, a six-port selector valve with integrated flow cell and a

Most recently, a mini-conduit module with integrated flow single speed unidirectional peristaltic pump. A UV-vis spec-
cell and fiber optics was mounted atop a multi-port valve in trophotometer (USB2000, Ocean Optics, USA) was used to
Sl manifold to form a ‘lab-on-valve’ (LOV]17]. In the SI- measure absorbance of the formed complexes at 558 and
LOV system, the volume of the sample path from injector 580 nm. A temperature control unit, TC (R-5000C, Sanuki
to detector can be minimized. The volume of the generated Kogyo, Tokyo) was used to promote the complex formation
waste solution is smaller than in a common S| system. This of iron(ll) with 5-Br-PSAA. All flow lines were made from
SI-LOV technique recently employed for spcetrophotometric Teflon tubing (0.5 or 1 mm i.d., sé€g. 1). FlIAlab for Win-
chloride ion assajB4]. dows 2000 software was used to control the SIA-LOV system

This paper describes a SI-LOV system using 5-Br-PSAA and to process the experimental data.
as a chromogenic reagent for the simultaneous determination A Horiba Model F-22 pH/mV meter equipped with sil-
of copper and iron. The high reagent blank was success-ver/silver chloride electrode (6378-10D, Horiba, Kyoto) was
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Fig. 1. Manifold of the SIA system in the proposed method ;1 H®Iding
coil; (0.5mm i.d., 60cm); Hg, holding coib (0.5mm i.d., 55cm); Hg,
holding coik (1 mm i.d., 50cm); TC, temperature controller (4%); CS,
5x 10~ mol =1 5-Br-PSAAin 0.01 molt HCI; Ry, 4 x 1074 mol 171 5-
Br-PSAA; Ree, 7 x 10-* mol |1 5-Br-PSAA; S, sample containing copper
and/or iron; AS, 5¢ 10~*moll~1 ascorbic acid; BS, 0.2 mott acetate
buffer at pH 4.6.
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ric acid. The spacer solution in the H@as aspirated from
port #2 twice as described below.

Diagram of sequence of reactant zones corresponding to
one cycle of simultaneous determination of copper and iron
is shown inFig. 2. The SI-LOV protocol to carry out the
sequence is shown ifable 1. At first, HG, HC,; and HG
are filled with a carrier solution (CS, %610 °moll~1 5-
Br-PSAA in 0.01 molt? hydrochloric acid), which is also
used as S§ and S$e. The sample, reagents ands $or
the determination of iron are aspirated from the respective
ports (in the order: #1, #4, #6, #5, #6, #1, #2) into the;HC
The sample, reagent and §Sare then aspirated from cor-
responding ports port (in the order: #1, #5, #3, #2) into the
HC,. Thereafter, the reaction products of Cu(ll) and Fe(ll)
with 5-Br-PSAA are dispensed to the flow cell through the
port #2 by reversing the direction of the flow. The role of the
S&y and S$e is to promote efficient mixing of the sample
and reagents in each zone before reaching the flow cell and
also to completely separate the zones of Cu(ll) and Fe(ll)
complexes that results in well separated detection peaks.

used for pH adjustment. Phthalate, phosphate and tetraborate, . 1

pH standard solutions were used for calibration.

2.3. Procedure

The central inlet of the six-port valve shownkig. 1was
connected to a couple of holding coils, H@.5mm i.d.,
60 cm) for copper and HL(0.5mm i.d., 55cm) for iron.
The HG was heated by the above-mentioned TC at@5
The flow cell (5 mm path length) was set to the port #2. The
auxiliary peristaltic pump was used to transport sample solu-

SIA protocol for the simultaneous determination of copper and iron
Note

SIA protocol

Loop start (#) 3

Syringe pump valve in

Syringe pump flowrate (uIs) 185
Syringe pump fill

Syringe pump delay until done
Delay (s) 1

Multiposition valve flow cell
Syringe pump valve out

Syringe pump flowrate (uIs) 185

Cleaning the whole flow line

tions (S) to the sampling line. The sample and reagents wereSYringe pump dispense (l) 300

aspirated with a high precision syringe pump of the FlAlab
3000 system. A 0.2mot! acetate buffer solution at pH
4.6 (BS), 4x 10~*mol1~1 5-Br-PSAA solution for copper
determination (Ry), 7 x 10~*mol1~1 5-Br-PSAA solution

for iron determination (Re), 5 x 10~* mol |1 ascorbic acid
solution (AS) were aspirated from ports #1, #3, #4 and #6,
respectively. Sample was aspirated from port #5. The third
holding coil, HG (1 mm i.d., 50 cm), connected to the port
#2 was used to keep a spacer solutiond$S S in Fig. 2)

of 5x 10~°mol|~1 5-Br-PSAA in 0.01 molt?! hydrochlo-

Fig. 2. Diagram of sequence by one cycle for the simultaneous determination

of copper and iron: (a) port numbers on lab-on-valve; (b) reagents aspirated

(abbreviations are shown Fig. 1), (c) aspiration volume in microlitres.

Syringe pump delay until done
Delay (s) 1

Loop end

Delay (s) 2

Aspiration of 0.2 mot
acetate buffer

Multiposition valve acetate buffer
Syringe pump flowrate (u3) 15
Syringe pump aspirate (ul) 20
Syringe pump delay until done
Delay (s) 2

Multiposition valve 5-Br-PSAA

Syringe pump flowrate (uIs) 15
Syringe pump aspirate (ul) 20

Syringe pump delay until done
Delay (s) 2

Aspiration of
7x 104 mol -1
5-Br-PSAA

Multiposition valve ascorbic acid
Syringe pump flowrate (uI3s) 15
Syringe pump aspirate (ul) 5
Syringe pump delay until done
Delay (s) 2

Aspiration of
5 x 10~* mol -1 ascorbic
acid

Multiposition valve sample (Fe)
Syringe pump flowrate (u3s) 15
Syringe pump aspirate (wl) 45
Syringe pump delay until done
Delay (s) 2

Aspiration of iron solution at
a suitable concentration
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SIA protocol

Note

Multiposition valve ascorbic acid
Syringe pump flowrate (uIs) 15
Syringe pump aspirate (ul) 5
Syringe pump delay until done
Delay (s) 2

Multiposition valve acetate buffer
Syringe pump flowrate (u3) 15
Syringe pump aspirate (wl) 10
Syringe pump delay until done
Delay (s) 2

Multiposition valve flow cell
Syringe pump flowrate (u3) 15
Syringe pump aspirate (ul) 105
Syringe pump delay until done
Delay (s) 2

Multiposition valve acetate buffer
Syringe pump flowrate (uIs) 15
Syringe pump aspirate (ul) 5
Syringe pump delay until done
Delay (s) 2

Multiposition valve sample (Cu)
Syringe pump flowrate (u3) 15
Syringe pump aspirate (wl) 25
Syringe pump delay until done
Delay (s) 2

Multiposition valve 5-Br-PSAA

Syringe pump flowrate (us) 15
Syringe pump aspirate (wl) 10

Syringe pump delay until done
Delay (s) 2

Multiposition valve flow cell
Syringe pump flowrate (uIs) 15
Syringe pump aspirate (wl) 40
Syringe pump delay until done
Delay (s) 2

Multiposition valve flow cell

Syringe pump flowrate (uls) 20
Spectrometer reference scan
Spectrometer absorbance scanning
Syringe pump dispense (p.l) 500
Syringe pump delay until done
Spectrometer stop scanning

Loop end

Stop program

Aspiration of
5 x 10~* mol 1 ascorbic
acid

Aspiration of 0.2 motl
acetate buffer

Aspiration of carrier solution

Aspiration of 0.2 mol|
acetate buffer

Aspiration of copper solution
at a suitable concentration

Aspiration of
4x10~*mol -1
5-Br-PSAA

Aspiration of carrier solution

Br-PSAA complexes obtained by the proposed method. As
shown inFig. 2, there are two determination zones per one
sequence; one zone containingcgRcu, S and BS from
the HG gives a first peak for copper, and another zone con-
taining S$e, BS, AS, S and R from HC; gives a second
peak for iron. When the sample solutions containing only
copper were introduced into the SI-LOV system, only first
peak heights depended on the concentration of copper (Fig. 3
(a—c)). On the other hand, the second peaks (F{@-&))
were proportional to the concentration of iron. Hence, copper
and iron can be determined simultaneously.

3.2. Effects of 5-Br-PSAA concentrations

Fig. 4 shows the effect of 5-Br-PSAA concentration in
Rcu and Ree on color development with 1 mgt copper
and 1mgt?! iron. The concentrations were varied from
1x 10~*to 5x 10~4mol |~ for copper and from % 104
to 1x 10-3moll~1 for iron. The net absorbance of the
copper complex was almost constant over the examined
range and that of iron complex was monotonically increased
with an increase in 5-Br-PSAA concentration. Both of the
blank peaks for copper and iron also increase with an
increase in 5-Br-PSAA concentration. We chose therefore
5-Br-PSAA concentrations of 4 10~ mol |~ for copper
and 7x 10~*mol |1 for iron.

3.3. Effect of 5-Br-PSAA concentration in carrier
solution

Fig. 5 shows the effects of 5-Br-PSAA concentration in
carrier solution, which was used as&@%nd S$e to sup-
press the high reagent blank. The 5-Br-PSAA concentration
was varied from 0 to % 10~% molI~1. The blank peaks for
copper and iron favorably decreased with an increase in the
concentration of 5-Br-PSAA, because the 5-Br-PSAA con-
centration gap betweendR or Rre and the carrier solution

Absorbance monitoring startsyyas narrowed. At the same time, the net absorbance for cop-

Absorbance monitoring stops

3. Results and discussion
3.1. Peak profiles

The molar

absorptivities for

PSAA complex are 55,000/ motcm™ at 558 nm and
65,000 Imottecm=1 at 580nm[35] and those for the
Fe(ll) complex are 87,000lmotcm at 558nm and
42,0001 mottcm~t at 713 nm[13]. In this work, we chose

the monitoring wavelengths of 580 nm for copper and 558 nm

for iron, respectively, to ensure maximum sensitivitig. 3
shows the peak profiles for Cu(ll)-5-Br-PSAA and Fe(ll)-5- of copper and iron.

the copper(ll)-5-Br-

per increased with increasing the reagent concentration up
to 2x 10~>mol =t and that for iron also increased over the
range examined. These results indicated that 5-Br-PSAA in
Sy and S$e suppressed each blank and moreover pro-
moted the complex formations. Thus, & 30> mol -1 of
5-Br-PSAA in 0.01 molt?! hydrochloric acid was chosen as
SSyand SFe.

3.4. Effect of pH

The effects of the reaction pH with acetate buffer on the
copper and iron determinations were studied in the pH range
3.8-5.0. As can be seen Fig. 6, no colored complex of
iron was produced at the lowest examined pH 3.9. The peak
heights for copper and iron were maximum and essentially
constant over the pH range 4.6-5.0. Thus, acetate buffer solu-
tion of pH 4.6 was used for the simultaneous determination
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Fig. 3. Peak profiles obtained by the proposed method for copper at 580 nm and iron at 558 nm: (a) blank for copper; (b} 8cdppert (c) 1 mgt! copper;
(d) blank for iron; (8) 0.5 mg 1 iron; (¢') 1 mg -1 iron. Other conditions are the same afig. 1.

Fig. 4. Effects of 5-Br-PSAA concentration on the (a) copper and (b) iron determination. () Blank for copper; (@)1angper; (+) net; () blank for
iron; (A) 1mg 1 iron; (x) net. Other conditions are the same aFim 1.

Fig. 5. Effects of 5-Br-PSAA concentration in carrier used as spacer on the (a) copper and (b) iron determination. (4) Blank for copper; {@3dppert
(+) net; (¢) blank for iron; (A) 1 mgt! iron; (x) net. Other conditions are the same aBiip 1.

3.5. Effect of ascorbic acid concentration on iron copper(ll) since the copper(ll)-5-Br-PSAA complex can be
determination decomposed by this reductdB6]. Therefore, sample in the
iron determination zone was sandwiched between two zones
Ascorbic acid was used to reduce iron(lll) to iron(Il) and of ascorbic acid solutions as shownFiyg. 2. Ascorbic acid
also to protect the peak for iron from the interference of concentration was varied from 0 tox110-3 mol 2. In the

Fig. 6. Effects of pH on the (a) copper and (b) iron determination. (4) Blank for copper; (@) 1'nogpper; (+) net; (¢) blank for iron; (A) 1 mgt iron;
(x) net. Other conditions are the same aFig. 1.
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absence of ascorbic acid, an undesirable peak was obtainedyf 5-Br-PSAA volumes were investigated from 5 toj2idor

i.e. copper(ll) reacted with 5-Br-PSAA in the &SAt ascor- Rcy and from 10 to 35l for Ree. Although the peak heights
bic acid concentrations higher thanx.0~4moll~1, the for copper and iron increased with an increase in the volumes
interference from copper(ll) was removed, and the peak for of Rcy and R, the blank values increased simultaneously.

iron was maximum and constant. A&10-*mol |1 ascor- Taking into account the sensitivity and the blank value, the
bic acid was thus selected as reductant for the iron determi-optimum volumes of B, and Ree were selected to be 10 and
nation. 20ul, respectively.

The volumes of two AS zones were individually varied
3.6. Effect of reaction temperature on iron determination from 5 to 15ul; optimum values were pl of each.

Optimizations for the BS volumes in both copper and iron
The effect of the temperature on the complex-formation zones were also carried out, and the optimum volumes are
reaction of iron with 5-Br-PSAA was studied in the range shown inFig. 2.
from 25 to 50°C. The reaction was accelerated by increasing
the temperature up to 4C and the absorbance was maxi- 3.7.3. Effects of spacer solutions volumes

mum and constant over the range from 40 t660Thus, the The effect of S§, volume on the determination of

optimum reaction temperature for the determination of iron 1 mg~! copper was studied over the range from 20 t.50

was 45°C. The net absorbance was constant in the examined range but
too small Sg, resulted in high blank because the Ryot

3.7. Effects of aspiration volumes much closer to the flow cell. We chose therefore the S8

40ul. When varying the S& volume from 0 to 14@ul, the
The effects of aspiration volumes of spacers, sample andnet absorbance of iron was also constant. Similarly, too small
reagents were studied with test solutions containing 1Thg!  SS resulted in high blank and poor peak separation; thus,
copper and 1 mgi! iron. In these optimizations the volume SS of 105l was chosen.
of S, or SSe was simultaneously varied together with the
other parameter optimized to maintain constant overall vol- 3 g calibration graphs
ume of the sequence of zones corresponding to the formation

of the peak of the other analyte (so that the distance between  cgjipration graphs for copper and iron were measured

the colored product zone and the flow cell is not changed). ynder the optimum conditions. The calibration graphs were

For instance, when the volume ogRwas increased by 10 linear for 0.1-2 mgt* copper (#=0.997) and 0.1-5 mgt

during the Ry, optimization, the volume of Sgwas reduced  jron (,2=0.999), respectively:

by 10ul. Otherwise, the travel path of the iron zone to the

flow cell would increase, in other words, the dispersion of the Netabsorbance for copper (1.22+ 0.02)

iron zone would increase. In this case, the compensation kept —1 -1 _ —3

the peak height for iron constant even if the volume @f,R x10"[coppermgl™] — (9+2) x 10 (1)

varied. When applying this kind of volume compensation, in )

all cases the changes of volume in the copper determination Neétabsorbance foriros: (1.73+ 0.02)

zone did not also affect the peak heights of iron and vice  , 10-1[iron, mgI~1] + (6 + 10) x 10°3 2

versa. In the following discussion, we focus on the effects of

aspiration volumes on either copper or iron determination. With replicate sample injections the relative standard devi-

ations (R.S.D.) (&= 15) of peak heights were 2% and 1.9%

3.7.1. Effects of sample volumes (for 0.5 and 1 mgt! copper, respectively) and the R.S.D.’s
The sample volume in the copper zone was varied from for0.5and 1 mng iron were 1.8 and 1.2%. The detection

15 to 35ul. The net absorbance at 580 nm linearly increased limits (30) were 50ug 1~ for copper and 2f.g 1= for iron.

with increasing the sample volume. The sample volume in the The sampling rate was 18 samples ffor simultaneous anal-

iron zone was varied from 35 to 0. At a sample volume ysis.

higher than 44l the net absorbance at 558 nm was almost ~ Copper and iron were determined simultaneously in arti-

constant. The blank values for copper and iron were constant ficial mixtures at known various concentration ranges. The

Thus, the optimum sample volumes were selected to lpg 25 concentration ranges were 0.25-2my lfor copper and

for copper and 4%q.l for iron. 0.25-5mgt? for iron (the Cu/Fe ratios were 1:10 to 5:1).
The results are representediable 2. The recoveries of both
3.7.2. Effects of reagent volumes analytes were 96—105%.

5-Br-PSAA is a sensitive chromogenic reagent for the
determination of iron(11)[16], cobalt(lll) [16], copper(Il) 3.9. Interference study
[16,35], nickel(ll) [16,37] and palladium(l1)[38]. Never-
theless, this reagent is expensive and therefore reasonable The interferences of foreignions on the determination of a
reduction of its volume consumed is desirable. The effects mixture of 0.5 mgt? copper(ll) and 0.5 mgttiron(Ill) were
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Table 2 Table 4
Simultaneous determination of copper and iron in artificial mixtures Simultaneous determination of copper and iron in multi-element standard
for ICP spectroscopy

Added (mgt1) Found (mg 1) Recovery (%)
Found (mgt?) Certified value (mgt?)
Cu Fe Cu Fe Cu Fe
025 0.25 0240001 0.24:000 97 97 Cu Fe Cu Fe
0.5 0.5 0.48+0.01 0.51+0.01 96 102 10+ 0.4 31+0.3 10 30
1 1 1.02+£0.01  1.010.01 102 101 10+0.3 30+0.48
0.5 0.25 0.56:0.02  0.24-0.01 100 7 a After neutralizing 6 ml of original solution, the neutralized solution was
05 1 0.49+0.02  1.02:0.01 97 102 diluted to 100 ml with 0.01 moH! HCI.
0.5 2 0.51+0.01 1.99:0.01 102 100 b After neutralizing 5 ml of original solution, the neutralized solution was
05 5 051+0.02  504:004 102 101 diluted to 100 ml with 0.01 moH! HCI.
1 0.2 1.01+£0.01 0.214+0.00 101 105
1 0.5 1.01+£0.02 0.52+0.01 101 104
2 0.5 2.05+0.01 0.50£0.01 103 99

Table 5
Simultaneous determination of copper and iron in industrial waste¥vater

Sample SIA metho@mg I-1) ICP-AES(mgl-1)

studied. The results are summarizediable 3. An error of Cu Fe Cu Fe
less than 5% was considered to be tolerable on each peakp

a Average value for three determinations.

1.1240.05 2.86+0.06 11 29
height. Most of the metal ions and inorganic anions did not 2¢ 1.9840.02 7.00+ 0.04 1.9 69
interfere at levels from 5 to 5000 mg!. But the tolerance ~ 3° 0.79+0.02 0.46+0.02 0.81 0.46
limits of some metals such as cobalt(ll), palladium(il) and 4’ 1.90+0.04  0098:005 18 098
0.74+0.02 0.44+0.02 0.83 0.48

nickel(Il) were low due to the formations of corresponding
complexes with 5-Br-PSAA.

& texp for Cu: 0.284fexp for Fe: 0.156¢ (95%): 2.776.

b After 5ml of each sample solution was neutralized, it was placed in a
10 ml. Volumetric flask with 0.01 mot HCI.

¢ After 2.5 ml of each sample solution was neutralized, it was placed in a
10 ml. Volumetric flask with 0.01 mot HCI.

3.10. Applications

The proposed SI-LOV method was applied to the simul-

taneous determination of copper and iron in multi-element and iron in industrial wastewater. The experimentahlues
solution with certified content of the analytes (Table 4). The obtained by the proposed SI-LOV method were 0.284 for
analytical values obtained by the proposed method werecopper and 0.156 for iron. Thes®alues were smaller than

in good agreement with the certified values. In addition, z-value (2.776) for four degrees of freedom at the 95% confi-
the proposed method was applied to industrial wastewaterdence level. This indicates that there is no significant differ-
sample analysisTable 5summarizes the results of copper ence between the results obtained by the proposed SIA-LOV

method and those of ICP-AES.

Table 3
Interference of foreign ions on the simultaneous determination of 0.5'g|

copper and 0.5 mgH iron 4. Conclusions

Tolerance lon added
limit (mg 1~1) : We have described here an affordable and precise SI-LOV
gor copper Foriron system for the simultaneous spectrophotometric determina-
etermination determination . . . .
Na K zmh Na O NO— tion of copper and iron in wastewater using 5-Br-PSAA. The
5000 P&“)’ Cz((”))’ Bf‘; Csd293 : use of spacer containing the chromogenic reagent resulted
cl-, NOs—, ' in the suppression of blank, the promotion of the complex
Br-, SQ;2- formation reaction and the successful separation of peaks
2000 Mn(ll), Ca(ll) K, Pb(ll) for copper and iron. The proposed SI-LOV method has wide
1000 Al Mn(ll), Ca(ll) determinable ranges from 0.1 to 2 md for copper and from
>00 Ma(th Mg(Ih, zn(h. 0.1to 5mgt2for | tively, with low R.S.D. val
cd(lly -1to 5mgt= foriron, respectively, with low R.S.D. values
200 Al(IIT) and low reagent consumption. The computer-controlled SI-
50 Mo(IV), Se(IV),V(V) LOV system is suitable for performing routine automated
Sn(ll), Se(1v) assays of copper and iron in wastewater.
20 Mo(IV)
10 V(V)
5 sn(ll)
2 Ni(I1) Pd(ll) Acknowledgements
0.2 Pd(ll) Ni(I1)
0.1 Co(ll) Co(ll) The present work was partly supported by a grant

a An error of 5% is considered to be tolerable.

of the Frontier Research Project “Materials for the 21st



534

Century—Materials Development for Environment, Energy
and Information” (for 2002—2006 fiscal years) from Ministry
of Education, Culture, Sports, Science and Technology.

References

[1] T. Tsuzuki, Y. Itoh, Y. Ueda, in: M. Taga, M. Kataoka, S. Tanaka
(Eds.), Water and Water Pollution, Sankyo Shuppan, Tokyo, 1997,
p. 19 (in Japanese).
[2] R. Eife, M. Weiss, J. Muller-Hocker, T. Lang, V. Barros, B. Sigmund,
F. Thanner, P. Welling, H. Lange, W. Wolf, B. Rodeck, J. Kittel, P.
Schramel, K. Reiter, Eur. J. Med. Res. 4 (1999) 224.
[3] T. Kowalczyk, A.L. Pope, D.K. Sorensen, J. Am. Vet. Med. Assoc.
141 (1962) 362.
[4] V. Cheevaporn, P. Menasveta, Mar. Poll. Bull. 47 (2003) 43.
[5] http://law.e-gov.go.jp/htmidata/S46/S46F03101000035.html.
[6] JIS K 0102, Testing Method for Industrial Wastewater, Japanese
Industrial Standards Committee (1998).
[7] J. Ruzicka, E.H. Hansen, Anal. Chim. Acta 78 (1975) 145.
[8] K. Toda, Bunseki Kagaku 53 (2004) 207.
[9] M. Miro, J.M. Estela, V. Cerda, Talanta 60 (2003) 867;
M. Miro, J.M. Estela, V. Cerda, Talanta 62 (2004) 1;
M. Miro, J.M. Estela, V. Cerda, Talanta 63 (2004) 201.

[10] T. Yao, J. Flow Injection Anal. 21 (2004) 59.

[11] H. Ukeda, Bunseki Kagaku 53 (2004) 221.

[12] P. Solich, H. Sklenarova, M. Polasek, R. Karlicek, J. Flow Injection
Anal. 18 (2001) 13;
P. Solich, H. Sklenarova, M. Polasek, R. Karlicek, J. Flow Injection
Anal. 18 (2001) 118.

[13] N. Ohno, T. Sakai, Bunseki Kagaku 47 (1998) 795.

[14] N. Ohno, T. Sakai, Bunseki Kagaku 53 (2004) 233.

[15] S. Gotoh, N. Teshima, T. Sakai, K. Ida, N. Ura, Anal. Chim. Acta
499 (2003) 91.

S. Ohno et al. / Talanta 68 (2006) 527-534

[16] D. Horiguchi, M. Saito, K. Noda, K. Kina, Anal. Chim. Acta 151
(1983) 457.

[17] J. Ruzicka, E.H. Hansen, Anal. Chem. 72 (2000) 212A.

[18] J. Ruzicka, G.D. Marshall, Anal. Chem. Acta 237 (1990) 329.

[19] C.E. Lenehan, N.W. Barnett, S.W. Lewis, Analyst 127 (2002) 997.

[20] J.F. van Staden, A. Botha, Talanta 49 (1999) 1099.

[21] V.P. Andreev, N.B. llyna, D.A. Holman, L.D. Scampavia, G.D. Chris-
tian, Talanta 48 (1999) 485.

[22] E. Rubi, R. Forteza, V. Cerda, Lab. Rob. Autom. 8 (1996) 149.

[23] J.A. Vieira, J.I.M. Raimundo, B.F. Reis, E.A.G. Zagatto, J.L.F.C.
Lima, Anal. Chim. Acta 366 (1998) 257.

[24] T. McCormack, J.F. van Staden, Anal. Chim. Acta 367 (1998) 111.

[25] F. Mas, A. Cladera, J.M. Estela, V. Cerda, Analyst 123 (1998) 1541.

[26] A. Cladera, C. Tomas, E. Gomez, J.M. Estela, V. Cerda, Anal. Chem.
Acta 302 (1995) 297.

[27] J.M. Estela, A. Cladera, A. Munoz, V. Cerda, Int. J. Environ. Anal.
Chem. 64 (1996) 205.

[28] J. de Gracia, M.L.M.F.S. Saravia, A.N. Araujo, J.L.F.C. Lima, M.
del Valle, M. Poch, Anal. Chim. Acta 348 (1997) 143.

[29] L.V. Mulaudzi, J.F. van Staden, R.l. Stefan, Anal. Chim. Acta 467
(2002) 35.

[30] R.C.C. Costa, M.l. Cardoso, A.N. Araujo, Am. J. Enol. Vitic. 51
(2000) 131.

[31] S. Suteerapataranon, J. Jakmunee, Y. Vaneesorn, K. Grudpan, Talanta
58 (2002) 1235.

[32] Y. Luo, S. Nakano, D.A. Holman, J. Ruzicka, G.D. Christian, Talanta
44 (1997) 1563.

[33] R.E. Taljaard, J.F. van Staden, Anal. Chim. Acta 366 (1998) 177.

[34] S. Nishihama, L. Scampavia, J. Ruzicka, J. Flow Injection Anal. 19
(2002) 19.

[35] T. Makino, Clin. Chim. Acta 185 (1989) 7.

[36] S.W. Kang, T. Sakai, N. Ohno, Anal. Chim. Acta 261 (1992) 197.

[37] N. Ohno, T. Sakai, M. Nakabayashi, H. Sasaki, Bunseki Kagaku 39
(1990) 399.

[38] T. Sakai, N. Ohno, Anal. Chim. Acta 214 (1988) 271.



