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A sensitive and selective pre-concentration method for

the determination of copper(II) by flame atomic absorption

spectrometry has been developed. Copper forms a complex

with captopril. This complex is retained by naphthalene-

captopril adsorbent in a column with a height of ca. 2.5 cm.

The adsorbed metal complex is then eluted from the column

with nitric acid and its copper content is determined by flame

atomic absorption spectrometry. The effect of different

variables such as pH, reagent concentration, flow rate and

interfering ions on the recovery of the analyte was investi-

gated. The calibration graph was linear in the range 75-350

µg L-1 of copper in the initial solution. Detection limits (3σ, n

= 10) of 23 µg L-1 and relative standard deviation 2.4 and 1.6

% at 200 and 300 µg L-1 level were obtained. This procedure

was successfully applied to the determination of copper in

waste water samples. Analytical recoveries of copper added

to samples were 98-103 %.
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INTRODUCTION

Copper is both vital and toxic for many biological systems. Thus the

determination of trace amounts of Cu is becoming increasingly important

because of the increased interest in environmental pollution. Flame atomic

absorption spectrometry, ion selective electrode (ISE)1 and spectrophoto-

metric methods2-5 are the most common methods for determination of cop-

per, but their sensitivity is usually insufficient for the low concentrations

in environmental samples and some of them suffer from either selectivity

and also analyses are time consuming. Therefore a pre-concentration and

matrix elimination step is usually required.

The most widely used techniques for the separation and pre-concen-

tration of trace amounts of copper are liquid-liquid extraction6,7, precipita-

tion, cation exchange resins and solid phase extraction8-13. Solid-phase



extraction is an attractive technique that reduces solvent usage and

exposure, disposal costs, and extraction time for sample preparation14. The

basic principle behind the solid-phase extraction involves passing the

water sample through a cartridge or a column containing an adsorbent that

retains the analytes. After the sample has been passed through the column,

the analytes are eluted from the adsorbent using a suitable solvent and

analytes were determined by proportional methods.

In the present studies, the use of naphthalene-captopril as a sorbent in

pre-concentration system to determine copper trace levels by flame atomic

absorption spectrometry is proposed. The procedure was based on the

chemical sorption of copper(II) ions onto a column packed with naphtha-

lene-captopril, followed by 2 mL of 1.5 mol L-1 nitric acid elution and

determination by flame atomic absorption spectrometry. The effect of some

variables such as pH, reagent concentration, flow rate and interfering ions

on the recovery of the analyte was studied. The proposed procedure was

applied for determination of copper in some water samples with satisfac-

tory accuracy.

EXPERIMENTAL

All chemicals were of analytical reagent grade and deionized water

was used throughout. A copper stock solution (1000 mg L-1) was prepared

From Cu(NO3)2·3H2O (Merck). Copper working standard solutions were

prepared daily by several dilutions of the stock standard solution with deion-

ized water. Interference studies were carried out by using the chloride or

nitrate salts of the metal cations. A 1.5 M nitric acid solution was prepared

by diluting 10 mL of HNO3 (Merck) to 100 mL in a volumetric flask. Buffer

solutions were prepared by standard procedure.

Preparation of the sorbent:  The naphthalene adsorbent solution was

prepared by dissolving 25 g of naphthalene and 1 g of captopril in 45 mL of

acetone on a hot-plate stirrer at 40°C. This solution was transferred to 1000

mL of water while stirring the solution at room temperature. It was stirred

for 1-2 h and allowed to stand for 0.5 h. The supernatant solution of naph-

thalene coprecipitated with captopril was drained off by decantation and

washed twice with water in same way. This adsorbent slurry was stored in

a bottle for further use.

An atomic absorption spectrometer Shimadzu AA680 (Tokyo-Japan)

was used for atomic absorption measurements. Operating conditions were:

analytical line 324.7 nm, slit width 0.2 nm, lamp current 5 mA, fuel gas

(acetylene) flow rate 2 L min-1, air flow rate 5.0 L min-1 and integration

time 3 s. The pre-concentration column was a funnel-tipped glass tube of

50 mm length and 5 mm internal diameter, packed with an adsorbent. A

Metrohm E-632 pH meter with a glass combination electrode was used

throughout this study.
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General procedure:  A funnel tipped glass tube (50 mm length and 5

mm i.d) with a very fine bore was used as a pre-concentration column. It

was filled with the adsorbent slurry to a height of 2-2.5 cm after slightly

pressing the adsorbent in the column with a flat glass rod. 100 mL of the

solution containing 75-350 µg L-1 of copper was passed through the

column at a flow rate of 2 mL min-1. The column packing was then washed

with a small volume of water and the naphthalene material was pushed

down with a flat glass rod to eliminate the excess water attached to naph-

thalene. The metal complex was washed with 2 mL of HNO3 solution (1.5

M). The eluents were collected and copper determined by FAAS. A blank

solution was also run under the same condition without adding any copper.

RESULTS AND DISCUSSION

Effect of pH:  The copper solution was adjusted to a fixed pH

between (2-10) and passed through a column at a flow rate of 2 mL min-1.

Then the copper complex was eluted from column and its copper ion was

determined by flame atomic absorption spectrometry. Results gave the same

percentage recoveries in various pH. Therefore copper has been quantita-

tively retained in the pH range of 2-10.

Effect of sample flow rate:  The influence of the sample loading flow

rate on the pre-concentration of copper was studied. For this reason a

volume of 10 mL of a solution containing the analyte was passed into

column at flow rates of 1-8 mL min-1 by using a pump. As shown in Fig. 1

the maximum recovery of copper was achieved at the flow rates of 1 and 2

mL min-1. Therefore a flow rate of 2 mL min-1 was found to be suitable for

optimum loading of the analyte and was used for further studies.

       

Fig. 1.  Effect of sample flow rate on the recovery of copper(II)

Conditions:  [Cu2+] = 250 µg L-1, volume of the sample = 10 mL and pH = 7
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Effect of type and volume of eluent: The elution efficiencies of

hydrochloric acid and nitric acid were compared at different concentra-

tions. The data show that the nitric acid was more effective than hydro-

chloric acid solution and then it was chosen as the eluent. The effect of

eluent concentration on the recovery of copper (25 mL of 200 µg L-1) was

examined. The recovery increased as the HNO3 concentration increased up

to 1.5 M after which it remained constant. Therefore a nitric acid concen-

tration of 1.5 M was selected for subsequent studies (Fig. 2). The volume

of the nitric acid was varied ftom 1 to 5 mL. 5 mL would not be suitable

because it gives a smaller pre concentration factor. 2 mL of nitric acid was

chosen for the elution of complex for more convenience.

    

Fig. 2.  Effect of nitric acid as the eluent on the recovery of copper

Conditions:  [Cu2+] = 200 µg L-1, volume of the sample = 25 mL,

       pH = 7 and flow rate = 2 mL/min

Effect of sample volume:  The enrichment factor was studied by

recommended procedure using increasing volume of metal ion solution.

Recoveries (> 95 %) were obtained for sample volumes of less than 120

mL and at the higher volumes the recoveries were decreased. Therefore a

pre-concentration factor of 60 can be achieved when using 120 mL of the

sample and eluting the column with 2 mL of nitric acid.

Characteristics of the method:  Calibration graph was obtained by

plotting the absorbance value for copper vs. analyte concentration. The

linear equation and coefficient calculated were A = 0.004 C + 0.018 and r

= 0.9995, where C is concentration of copper as µg L-1. The proposed

procedure can be applied to pre-concentration of copper in the range of 75-

350 µg L-1 contained in a solution of 10-120 mL by elute with 2 mL of

HNO3 1.5 M solution. The relative standard deviation (RSD) for eight

replicate of 200 and 300 µg L-1 was 2.4 and 1.6 %. The detection limit for

the proposed procedure was 23 µg L-1.
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Effect of diverse ions: The influence of foreign ions that might be

adsorbed on naphthalene modified with captopril was investigated in order

to identify potential interferences. The results show in Table-1 that the

tolerance limits of the investigated electrolytes or cations are very high.

The reported tolerance limit is defined as the ion concentration causing a

relative error < ± 5 %. It is evident, a very good selectivity is achieved.

TABLE-1 

EFFECT OF DIVERSE IONS ON DETERMINATION OF  

150 µg L
-1

 OF COPPER(II) 

Diverse ions 
Tolerance ratio (Foreign ion 

conc./copper conc.) 

Na
+
, Co

2+
, Ag

+
, Li

+
, Hg

2+
, Mg

2+
, Ca

2+
, Zn

2+
, 

Bi
3+

, Fe
2+

, Fe
3+

, Pb
2+

, Ni
2+

, Ba
2+

, W
6+

, K
+
, 

Br
-
, SCN

-
, S2O8

2-
, PO4

3-
, Cl

-
, NO3

-
, CO3

2-
, 

NO2
-
, Se

2+
, SO4

2-
 

1000 

V(IV), V(V), Cr
3+

, Sn
2+

, Al
3+

 500 

 

Application of the proposed method:  The proposed procedure was

applied to the determination of copper(II) in waste water samples. The

analyte was previously enrichment in pre-concentration procedure and its

copper contents were determined by flame atomic absorption spectrom-

etry. A 100 mL volume of sample solutions was treated under the general

procedure. The sample was spiked with various amounts of analytes and

the recoveries obtained from all analytes were in the 98-103 % range (Tables

2 and 3) which is satisfactory values for environmental samples.

TABLE-2 

DETERMINATION OF COPPER IN WASTE WATER SAMPLES, 

VOLUME OF SAMPLE: 100 mL (n = 8) 

Copper 
Sample 

Added/µg L
-1

 Found
a
/µg L

-1
 Recovery (%) 

Sample 1
b
 

– 

35 

80 

96 ± 3.6 

134 ± 4.1 

179 ± 2.8 

– 

102.3 

101.7 

Sample 2
b
 

– 

50 

100 

150 ± 3.2 

196 ± 2.1 

253 ± 3.1 

– 

98.0 

101.2 

a
x ± ts/√n at 95 % confidence,  

b
Waste water from electroplating industry. 
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TABLE-3 

DETERMINATION OF COPPER IN WATER EFFLUENT FROM 

MACHINE TOOL FACTORY, VOLUME OF SAMPLE: 100 mL (n = 8) 

Copper 
Sample 

Added/µg L
-1

 Found
a
/µg L

-1
 Recovery (%) 

Sample 1 

0 

150 

250 

85 ± 3.4 

241 ± 4.8 

345 ± 5.2 

– 

102.5 

103.0 

a
x ± ts/√n at 95 % confidence. 

Conclusion

A simple analytical technique flame atomic absorption spectrometry

has been used to determine copper concentration in water samples after

pre-concentration step by naphthalene captopril column. The naphthalene

column is simply prepared by mixing naphthalene and captopril in acetone

and applied to the pre-concentration of copper. The method was demon-

strated to be both precise and accurate and was successfully aplied to the

analysis of copper in wastewater samples.
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