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A. simple colorimetric flow-injection system for the determination of Cu(II) based on a complexation reaction with
nitroso-R salt is described. The chemical and FIA variables were established using the univariate and simplex methods.
A small volume of Cu(Il) was mixed with merged streams of nitroso-R salt and acetate buffer solutions. The absorbance
of the complex was continuously monitored at 492 nm. The calibration curve over the concentration range 1.0-7.0 pug
ml~' was obtained. The relative standard deviation for determining 4.0.ug ml-' Cu(1T) was 0.47% (n = 11). The detection
limit (30) was 0.68 g ml' and the sample throughput was 150 h-'. The validity of the method has been satisfactorily
examined for the determination of Cu(Il) in wastewater and copper ore samples. The accuracy was found to be high,
because the student t-values were calculated to be less than the theoretical values when the results were compared with

those obtained by FAAS.
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Introduction

Copper is a heavy metal widely used in a number of industries.
High concentrations of copper can be found not only near heavy
machinary plants, but also near refineries. Since copper-
ccntaminated wastewater can originate from waste effluents that
ar: released into the environment, it is necessary to monitor the
Cu(Il) concentrations in environmental samples. Various
analytical techniques are available for the determination of
Cu(Il) in wastewater. Electroanalytical techniques, such as
polarography, potentiometry, and voltammetry,'? have been
successfully applied, although they suffer from sensitivity to the
matrix interference. Recently, several techniques, including
SIA* IC,° ICP-MS,® ICP-AES,” XRF,% and AAS,%"° have been
used for copper determination in various sample matrices. The
latter techniques still offer advantages over other methods in
term of sensitivity, selectivity, and sample throughput.

A number of flow-injection methods for the determination of
copper have been reported using fluorescence, ICP-MS and
FAAS as detectors.!"!2 However, these methods are
inconvenient for monitoring copper in wastewater because they
are usually expensive and too sensitive for the determination of
Cu(Il) in wastewater, especially those from heavy machinery
plants and refineries.

Most flow-injection systems have been increasingly used with
various detectors,''?! owing to their high sample throughput,
cost-effective performance and versatility. However, a
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colorimetric detection system is often preferred, because it
involves less instrumentation and provides better sensitivity
when appropriate chromogenic reagents are available.

Although numerous organic reagents, such as PAN,2
zincon,” PAR,* and DDTC,* have been proposed for the
spectrophotometric determination of copper, none of the
methods presenting available are completely satisfactory.

Disodium I-nitroso-2-napthol-3,6-disulfonate (Nitroso-R salt)
was first introduced in 1921 by Van Klooster for the
determination of cobalt?® and subsequently used by various
investigators for the determination of cobalt,?’?* iron,?
copper,’®*? and nickel.??

In this study, Nitroso-R salt was used to react with Cu(ll),
forming a colored, water-soluble anionic complex, the
absorbance of which was measured spectrophotometrically at
492 nm. The stoichiometry of Cu(Il)-nitroso-R complex was
studied, and suggested the formation of Cu(C;HsOsNS,),.?
This agent forms complexes with certain metal ions (e.g. Cr**,
Pb*, Cd*, Zn*, efc.), but does not interfere with the reaction
between Cu(Il) and Nitroso-R salt. The sensitivity of the
reagent has been made selective by controlling the pH of the
solution.

Therefore, in this investigation, an effort was made to develop
a simple, selective, reproducible and sensitive FI method for the
determination of Cu(Il) in a wide range of materials. Various
factors influencing the sensitivity of this method (such as the
pH, concentration of buffer solution, flow rate of the solutions,
sample loop length, concentration of nitroso-R and length of
mixing coil) were optimized by using the univariate and
simplex methods. These methods were developed for the
selective determination at pg ml-'"-levels of Cu(Il) by FIA with
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Fig. 1 Flow injection system for the determination of copper. S,

sample; B, acetate buffer pH 7 (0.5 mol 1"'); C, nitroso-R reagent
(0.04% w/v); P, peristaltic pump; I, home made injection valve; M,
mixing coil; D, spectrophotometer; Rec, recorder.

spectrophotometric determination, which can be precise and
accurate. This method is suitable for the quantitation of Cu(II)
in wastewater and copper ore samples for routine analysis.

Experimental

Apparatus

A spectrophotometer (Hitachi 2000) was used for scanning
the absorption spectrum of Cu(ll)-nitroso-R complex. The FIA
manifold (Fig. 1) consisted of a peristaltic pump (EYELA
Model SMP-238S, Japan) and solutions were injected via a six-
port home-made injection valve. Teflon tubings were used as
flow lines and the connection was made from Tygon tubing (i.d.
1.5 mm) and a Y-shaped connector. The mixing coil was made
from Tygon tubing with 1.5 mm inside diameter. All other
tubings in the system were made of Teflon with 0.86 mm inside
diameter. The data acquisition of flow injection peaks was
obtained using a spectrometer (Model Spectronic 21 Milton Roy
Company, USA), coupled to a Servograph Pen Drive REA 310
chart recorder (Radiometer Copenhagen, Denmark) and
furnished with a flow cell (178.711-QS Hellma).

A Cole-Parmer (Model 5986-25) pH-meter with a combined
glass and calomel electrode was used to adjust the pH values.

A Varian AA-275 flame atomic absorption spectrometer
(Australia) was used for the comparative determination of
Cu(Il) to verify the quality of the results obtained by the
proposed method.

Reagents, standards and samples

All reagents used were of analytical grade and used without
further purification. All solutions were prepared with deionized
water.

A stock standard solution of Cu(IT) (100 pg ml') was
prepared from a copper solution for atomic absorption
spectrometry (1000 pg ml-'; Merck, Germany). Working
standard solutions were prepared by appropriate dilution of the
stock solution with 1% (v/v) nitric acid.

A reagent stock solution (0.4% w/v) of nitroso-R salt was
prepared by dissolving 0.40 g nitroso-R salt (Merck, Germany)
in water and adjusting to a volume of 100 ml. Further dilutions
were made for appropriate concentrations.

A buffer solution of pH 7 (0.5 mol I-') was prepared by
dissolving 67.6641 g of sodium acetate in 1000 ml of water
containing 2.76 ml of 1 mol I-' acetic acid.

Procedure for decomposing copper ore samples
Weigh accurately a suitable amount of the ore sample (0.5 g)
and transfer into a 250 ml glass beaker. Cover the beaker, add

1.000

ABS

+0.200 :
nm 400

T T

440 480 520

Fig. 2 Absorption spectrum of the reagent solution (a) and the
Cu(II)-nitroso-R complex (b).

25 ml conc. nitric acid, heat gently on a hot plate to
approximately 80°C and evaporate to near dryness. Cool the
solution to room temperature and add a further 50 ml of 1%
(w/v) nitric acid and warm for 10 min. Filter the solution
through a Whatman No. 40 filter-paper into a 200 ml volumetric
flask and dilute to the mark with deionized water.

Procedure for collecting and treatment of wastewater samples

Industrial wastewater samples were filtered through a 0.45 um
membrane filter at the site where the water samples were
collected and stored in polyethylene plastic containers that had
been previously washed with 10% (v/v) nitric acid and rinsed
with deionized water. After filtration, a 5 ml volume of
concentrated nitric acid was added to each liter of water. A 50
ml portion of the treated water was pipetted and transferred into
a 100 ml beaker, followed by 5 ml concentrated nitric acid; the
mixture was carefully heated on a hot plate to the lowest
possible volume (about 10 ml). After the solution was cooled, a
20 ml volume of water was added. The sample was transferred
into a 100 ml volumetric flask (filtered if necessary) and diluted
to the mark with deionized water.

Appropriate dilutions of the digested samples were made prior
to injection into the FIA system.

Flow-injection Optimization

Absorption spectra

The absorption spectra of a nitroso-R solution and the Cu(II)-
nitroso-R complex were recorded at 370 - 550 nm. Because the
solution of nitroso-R showed a maximum absorption at 423 nm
(against water), while the complex had a maximum absorption
at 492 nm (against blank solution) (Fig. 2), the absorbance was
measured at 492 nm.

Manifold design

‘Figure 1 shows a flow diagram of the FIA system, which is a
merging-zone system with two streams, B and C, having the
same flow rate of 3.2 ml min~'. The sample (S) is injected into
the system and mixed with the reagent in a mixing coil (M)
where the complexation reaction takes place. The resulting
colored "complex is passed through the flow cell in the
spectrophotometer where the absorbance is measured at 492
nm,



Table | Univariate optimization of chemical and FIA
variables

Variable Studied range Optimized value
Wavelength () 484 - 512 nm 492 nm
pH of buffer 4.0-10.0 7.0
Buffer concentration 0.2-1.4mol I'! 0.5 mol I
Mixing coil length 10 - 60 cm 30cm
Reagent concentration  0.02 - 0.10 % (w/v) 0.04% (w/v)
Flow rate 1.6 - 4.4 ml min' 3.2 ml min'
Sample loop length 10-30cm 20cm (116 pl)

Univariate method

This method, or the so-called “variable-by-variable” method,
was applied to select the optimum conditions for the FI
spectrophotometric determination of copper(Il).  For this
reason, a variable was modified while maintaining the other
variables at their constant values (chosen by random). Then, by
maintaining that variable at its optimum value, another was
modified; all variables were optimized via this method.>* Table
1 shows the range over which the variables involved in the FI
system were studied and their optimum values.

All optimum values were chosen by judging from the highest
peak height, stability of the base line, low or no positive blank
signals, low analysis time, availability and economy.

Simplex method

A simplex is a geometric figure in which there are n + 1
vertices, where n represents the number of variables.?® The
parameters to be varied are chosen by initial experiments.
Although optimization means maximization of the response, it
could be applied equally well to the process of finding a
minimum. The simplex method is highly efficient, capable of
optimizing several factors at one time, and the variable-size
simplex is not stranded by ridge systems. Interaction with the
experimenter is not necessary, and because the simplex
technique uses only empirical feedback, it is special interest for
conducting  investigations involving totally automated
optimization.

In this work, the simplex method was used to confirm the
optimum conditions, which were obtained by the univariate
procedure. Four major parameters (flow rate, reaction coil
length, acetate buffer concentration, and reagent concentration
variables) were optimized by the simplex procedure, while the
other minor parameters were optimized by the univariate
method. The initial parameters to be optimized by the simplex
method were chosen from the optimum conditions obtained by
the univariate method; others are those appearing next to the
optimum values. Table 2 shows the results of the four-variable
optimization. Points | - 5 represent the first cycle, and the first
point is the optimum condition of the univariate technique. The
best point attained was point 1 with a peak height of 11.5 mm;
the worst was point 5 with a peak height of 9.5 mm. Therefore,
point 5 was reflected through the centroid of other points to
obtain point 6. An experiment was then performed utilizing the
variable setting as the reflected point; a peak height of 9.7 mm
was obtained. Because this value was better than that at point 5,
the latter was rejected and replaced by point 6. A contraction
was then performed, because this point was not better than the
next-to-the-worst point, point 4. Then, by using the
experimental setting of variables generated by contraction, a
peak height of 11.2 mm was obtained, which was not better than
the best point; hence, this completed the cycle. However,

Table 2 Simplex optimization of chemical and FI variables

g Mixing Sample Peak
E:f," N'ﬁz’;‘;v& coil length/ Fr::‘:n’i:“,” loop length/  heigth/

cm cm mm

1 0.04 30.0 32 20 1.5
2 003 30.0 26 20 1.0
3 003 20.0 32 20 100
4 004 400 38 25 105
5 005 400 38 25 9.5
6R 0.2 200 26 18 9.7
7C  0.03 25.0 32 19 12
S8R 0.04 430 32 2 103
9C 004 37.0 32 2 107
0R  0.03 210 26 16 105

a. R = reflection; C = contraction.

although attempts were made to make further improvements
towards maximization, this was found to necessitate additional
experiments and was deemed not to be worthwhile; the
procedure was therefore halted. It was found that the optimum
conditions by the simplex optimization are similar to those
obtained by the univariate method.

Results and Discussion

Calibration graph

With the proposed flow-injection system for Cu(Il)
determination, the calibration graph was linear over the range
1.0 - 7.0 pug ml~' Cu(II), which can be expressed by the equation

Y= 8.7440X + 0.9513, (> = 0.9978),

where Y is the peak height (mm) and X the Cu(IT) concentration
in pug ml-'. Procedural blanks were determined and subtracted
from the sample peak height.

Effect of nitroso-R concentrations

An amount of reagent greater than required by stiochiometry
(Cuinitroso-R = 1:2)*® is needed for complete color
development. The concentrations of nitroso-R in the examined
range (0.02-0.1% w/v) were sufficient for complete color
development; higher concentration resulted in a higher negative
peak of the reagent blank. Consequently, a concentration of
0.04% (w/v) of nitroso-R was chosen as optimum.

Effect of the pH on color development

The complexation of Cu(Il) and nitroso-R was studied at
different pH values and the concentrations of the buffer solution
in the ranges of 4.0 - 10.0 and 0.2 - 1.4 mol I, respectively.
The pH values were adjusted with an acetic acid/sodium acetate
buffer solution. As can be seen, at pH values below 6.0 or
above 8.0 the peak height decreased significantly. Hence, pH
7.0 (Fig. 3a) and a buffer concentration of 0.5 mol I' (Fig. 3b)
were chosen.

Effect of flow rate

The flow rates of the carrier and reagent solutions were varied
from 1.6 to 4.4 ml min' (Fig. 3c), the flow rate of each stream
being identical. A high flow rate gives rise to a shorter time
required for each sample passing through the system, a low
precision of the peak height and a high rate of reagent
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Fig. 3 Effect of the buffer pH (a), buffer concentration (b), and
flow rate (c) (e, a, x; standard copper solution 4.0, 5.0, 7.0 mg I,
respectively).

consumption. With a low flow rate, the residence time for each
sample was long and the dispersion was large. Therefore, as a
compromise the flow rate of each stream was adjusted to 3.2 ml
min~', which was used for subsequent studies.

Effect of interference ions

A systematic study to check for the effects of some possible
interference of foreign ions on the determination of Cu(Il) was
undertaken for the maximum w/w ratio of foreign ions to Cu(II)
up to 100:1. The tolerance is defined as the foreign-ion
concentration causing an error smaller than +10% for
determining the analyte of interest. The tolerance values for the
ions studied are given in Table 3. The most serious
interferences are caused by Fe**, Ni** and Co?, probably due to
the formation of complexes with nitroso-R which absorb at the
same or very near to the working wavelength.

Precision, accuracy, sample throughput, and detection limit
The relative standard deviation after 11-replicate processings
of a 4.0 pg ml~' Cu(II) solution was estimated to be 0.47%. The
percentage recoveries were studied by spiking various amounts
of Cu(ll) standard solutions (1.0, 3.0, 5.0, 7.0 pg ml™') into
copper ore and wastewater samples. The results indicated that
the percentage recoveries of Cu(II) found in copper ore and

Table 3 Summary of the interference effects of some ions on
the response obtained from 4.0 mg - Cu(II)

Tolerable concentration

Tneciftence jon ratio* (mg 1"') of ion/Cu(II)

£rt 100
Pb*, Mn?, Mg?, Cd*, Zn* 50
NO;, CI- 40
S0, # PO 30
FeX';Ni**; Co** 1

a. The concentration of an ion is considered to be interfering when
causing a relative error of more than +10% with respect to the signal
of Cu(Il) alone.

Table 4 The weight percentage of copper contents (%w/w) in
copper ores samples (S) and the concentration (mg 1') of copper
in wastewater samples (A)

Copper contents

Sample
No. a b c d
S1 17.68 17.80 17.60 16.88
S2 35.00 35.24 36.00 34.48
S3 8.24 8.16 8.44 8.04
54 32.20 32.40 33.60 32.20
5§ 20.96 22.84 21.44 21.56
Sé6 8.24 8.32 8.28 8.16
S7 21.28 21.28 20.72 21.00
S8 8.60 8.48 9.00 8.60
S9 27.44 26.84 26.16 25.56
S10 6.96 6.96 7.68 7.36
S11 8.64 8.64 9.24 9.16
S12 16.32 15.92 16.80 16.72
Al 1440 1420 1520 1460
A2 1580 1580 1660 1620
A3 1960 2000 2020 1980
A4 700 720 760 720
AS 720 730 830 760
A6 510 510 560 510
A7 1130 1150 1270 1180

a, recommended method FIA; b, standard addition FIA; ¢, FAAS; d,
standard addition FAAS.

wastewater samples ranged from 94 to 102 and 93 to 102%,
respectively.  The sample throughput was 150 h™'. The
detection limit was determined from the regression equation
with the calculated parameters of the intercept of the straight
line and three-times the standard deviation of the regression
time’¢ LOD = 0.68 pg ml-'.

Determination of copper(ll) in real samples

The carrier stream and the reagent stream were pumped into
the proposed flow system. After the base line had stabilized on
the chart recorder, a 116-ul volume of the sample was injected
into the system and the absorbance was continuously monitored
at 492 nm. The data were collected as peak height by a chart
recorder. The peak heights are rectilinearly related to the Cu(Il)
concentrations. The results were compared with those obtained
by FAAS, as shown in Table 4. The accuracy was found to be
high, because the student t-values were calculated to be less
than the theoretical values at a confident level of 95%, as shown
in Table 5, indicating that the results obtained by both FIA and
FAAS are in excellent agreement.



Table 5 Calculation for t-test (copper ore samples and
wastewater samples)

Comparison t-value*
Copper ore sample
a—b 0.03
a—c 0.19
a—d 0.04
Wastewater sample
a—b 0.04
a—c¢ 0.49
a—d 0.06

*95% confidence, t-value = 2.18 and 2.08, when n = 12 and 22
respectively.’

a, recommended method FIA; b, standard addition FIA; ¢, FAAS; d,
standard addition FAAS.

Conclusion

The FI spectrophotometric determination of the Cu(II) ion using
nitroso-R salt as the complexing agent has proven to be very
sensitive, selective, reproducible, accurate, and rapid with a
sample throughput of 150 h™'. The proposed method has been
applied to the determination of Cu(II) in copper ores and Cu-
plating wastewater samples. The results obtained by the
recommended method are in excellent agreement with those
determined by FAAS using both conventional and standard
addition methods.
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ABSTRACT

Information system is very important in
administration and organization development both
in government and private sector. Good
information will assist in planning effective devel-
opment. In tourism industry, one of crucial factor
is to improve tourist attractions to be ready to serve
the tourists, and in making decisions on which tour-
ist attractions need priority improvement, the
edequate information essential to fit the limitation
of yearly budget

The Development Information System for
Tourism Resource Monitoring of Thailand is a
system which collects data to find variables used in
evaluating the potencial and writes questionnaires
to survey every physical tourism resource in
Thailand. The Data Flow Diagram (DFD) is used in
the system analysis and design. The Data base
design use the NIAM model (Nijssen’s Information
Analysis Methodology model).
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The study result in the development
system for monitoring tourism resource in Thailand
having the data of 2879 tourism resource in 76 prov-
inces throughout the country. The system can pro-
vide basic information about tourism resource name,
location, accessibility, facility, public utility, envi-
ronment as well as the result of potential evaluation
and problem. Tn also gives information about the
inportmance the crisis, and urgent of development
of tourism resources both regionally and nationally.
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Analyzels

X-ray fluorescence Microscope
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