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Determination of copper in tea leaves by flame
atomic absorption spectrometry
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A simple method for the determination of Cu in different tea samples
by flame atomic absorption spectrometry (FAAS) has been suggested.
Optimal conditions of FAAS determination of copper were determined.
Investigation of selectivity of the proposed FAAS method has shown
that this procedure is not affected by high concentrations of other dif-
ferent metals. The FAAS method was applied to the determination of
Cu in five different tea samples. The accuracy of the developed method
was sufficient and proved by the method of addition. The results have
demonstrated that the procedure can be applied for the analysis of tea
samples with a satisfactory accuracy.
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INTRODUCTION

At low concentrations, copper plays an important
role in carbohydrate and lipid metabolism [1-3].
Above trace levels, however, copper has many bio-
logical effects both as an essential and a toxic ele-
ment. For all trace elements that are considered to
be essential, including copper, there exists a fairly
narrow “concentration window” between the essen-
tial and the toxic levels. The metals can accumulate
in bone, hair and in some soft tissues, such as liver,
kidney, brain or lungs [4, 5]. Copper is a moderate-
ly toxic element as compared to other transition
metals. However, the toxic doses of copper and its
compounds can lead to serious problems. Severe oral
intoxication will affect seriously the blood and kid-
neys [6]. Copper and its compounds have widespre-
ad industrial and domestic applications; hence, lar-
ge quantities of copper are discharged into the en-
vironment. Therefore, trace copper content in wa-
ter and food must be controlled on a daily basis.

Flame atomic absorption spectrometry (FAAS)
is one of the techniques most extensively used for
determining various elements with a significant pre-
cision and accuracy. This analytical technique is re-
markable for its selectivity, speed and fairly low ope-
ration cost. However, in some cases it is rather dif-
ficult to determine traces of heavy metals in envi-
ronmental samples due to insufficient sensitivity or
matrix interferences. Thus, a preconcentration and/
or separation step is necessary [7-10]. For the de-
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termination of different metals, including copper, by
FAAS in different food and water samples, many
methods such as extraction, coprecipitation, ion ex-
change and accumulation with a liquid membrane
have been used for copper preconcentration [9, 11—
15].

So far, very few precise and accurate methods
for the determination of copper in tea leaves have
been suggested. For example, differential pulse po-
larography preceded by solvent extraction of Cu(ll)
chelates in rather toxic chloroform was used for the
determination of copper in tea specimens [16]. A
copper(ll) membrane coated graphite electrode ba-
sed on Schiff's base and showing a very short life-
time was applied for the determination of copper
in a sample of Iranian black tea [17]. Recently, the
FAAS determination of trace copper in tea samples
after preconcentration with 1-nitroso-2-naphtol-3,6-
disulfonic acid on Ambersorb 572 has also been sug-
gested [6]. However, this procedure was found to
be very time-consuming. The aim of the present
study was to propose a simple method for the de-
termination of copper in different tea samples by
FAAS without using any preconcentration procedu-
re. The experimental conditions for the direct de-
termination of copper were optimized.

EXPERIMENTAL

Double-distilled water and analytical-grade reagents
were used in all the experiments. Stock standard
solution of copper, 0.1 mg ml?, was prepared by
dissolving an appropriate amount of metallic cop-
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per (99.99% purity) in diluted nitric acid (1:1). Cop-
per ion standard solution was diluted daily for ob-
taining a working standard solution of copper (100
pg mi?). Standard solutions of other metals, 2:10
pg mi, were prepared by dissolving appropriate
amounts of: (i) metallic Cd, Co, Mn, Ni, and Pb in
diluted nitric acid (1:1); (ii) metallic Al, Fe, and
Mg or CaO and ZnO in diluted hydrochloric acid
(1:1); (iii) metallic Cr in diluted sulfuric acid (1:4);
(iv) metallic Bi in aqua regia; (v) salts BaCl,, KCI,
Li,SO,, NaCl, and Sr(NO,), in double-distilled wa-
ter. Solutions of copper, 0.1 pg ml?, along with ap-
propriate amounts of interfering ions, were prepa-
red for the evaluation of selectivity. Solution of cop-
per of the same concentration without additives was
used as a reference solution.

The calibration curve used for the determination
of copper in tea samples by FAAS was established
using the following procedure. An appropriate
amount of working standard solution of copper and
5 ml of 2 M HCI were transferred to a 100-ml
volumetric flask and diluted with double-distilled wa-
ter. The calibration solutions were prepared over
the concentration range 0.05-1.6 pg ml? Cu. For
the determination of copper in tea leaves, 1 g of
the oven-dried (105 °C) sample was preheated for
0.5 h at 250 °C and burned for 1 h at 800-850 °C.
The obtained ash was wetted with double-distilled
water, mixed with 10 ml of diluted HCI (1:1), the
mixture was mildly boiled, cooled to room tempera-
ture, filtered (if necessary), transferred to a 25-mi
volumetric flask and diluted with double-distilled wa-
ter.

A Hitachi 170-50 (Japan) flame atomic absorp-
tion spectrometer equipped with hollow cathode
lamps was used for the analysis. The instrumental
parameters were adjusted according to the manu-
facturer’s recommendations. A Cu hallow cathode
lamp operating at 324.8 nm was used as the radia-
tion source. The lamp current was set at 10 mA.
The flame composition was a mixture of propane-
butane (gas pressure 9.81 - 10° Pa) and air (gas
pressure 1.47 - 107 Pa).

RESULTS AND DISCUSSION

The analytical features of the developed procedu-
re were found to be comparable to those repor-
ted in previous papers for copper determination
in environmental samples. For example, the ab-
sorbance of copper solutions showed no differen-
ce for approximately three months. The influence
of different inorganic acids (HCI, HNO,, and
H,SO,) used in the analytical procedure on the
absorbance of copper was also estimated. The na-
ture of acid showed no significant influence on
the analytical signal. The dependence of the ab-
sorbance of copper on the propane-butane gas
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Fig. 1. Dependence of copper absorbance on propane-
butane gas pressure. Air gas pressure = 1.47 - 107 Pa; ¢
= 0.5 pg ml*
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Fig. 2. Correlation between absorbance and copper con-
centration

pressure used for the atomization of copper is
shown in Fig. 1. One can see that the absorban-
ce of copper is stable in the range of gas pres-
sure from 7.5 - 10° to 125 - 10° Pa. The calib-
ration curve obtained under the best conditions
showed a linear correlation within the concentra-
tion range from 0.05-1.2 pg mi?* (Fig. 2).

An attempt was also made to examine the ef-
fects of representative potential interfering species
on the determination of copper with FAAS. In or-
der to determine the selectivity of the method, so-
lutions containing copper and other metal ions were
prepared and analyzed. The Cu/M interfering ratios
were considered as limiting when the error of the
determination did not exceed *+10% [7]. The selec-
tivity studies are summarized in Figs. 3-6.

Evidently, the least influence on the absorbance
of copper is shown by Na, K, Ca, Mg, Co and Cd
(Fig. 3). These metals did not show any interferen-
ce in copper determination by FAAS, even if their
concentrations were 20,000 times higher than those
of Cu. A stronger influence on the determination



Determination of copper in tea leaves by flame atomic absorption spectrometry

51

10+

i

Difference in absorbance (%)

Na K Ca Mg Co Cd

Fig. 3. Effect of the concentration of Na, K, Ca, Mg, Co,
and Cd ions on the analytical signal of Cu (Cu: M = 1:
20 000)
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Fig. 4. Effect of the concentration of Pb, Zn, Ni, and Cr
ions on the analytical signal of Cu (Cu: M = 1: 12 000)
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Fig. 5. Effect of the concentration of Ba, Sr, and Bi ions
on the analytical signal of Cu (Cu: M = 1: 6 000)
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Fig. 6. Effect of the concentration of Mn, Al, Li, and Fe
ions on the analytical signal of Cu (Cu: M = 1: 2 000)

Table. Results obtained for the determination of copper in tea samples (n = 5, P = 0.95)

Tea sample Cu found by S, Added amount Total amount of Cu Recovery
FAAS method (%) of Cu found by FAAS method (%)

(mg kg™) (mg kg™) (mg kg™)

Brooke Bond 339 2.9 20 53.4 99

Georgian 23.3 2.8 20 43.3 100

Dilmah 329 1.2 20 53.4 101

Ceylon 28.9 2.0 20 48.4 99

Chinese green 19.8 1.6 20 40.6 102

of copper was observed for Pb, Zn, Ni and Cr (see
Fig. 4). These metals did not show any interference
in copper determination by FAAS if their concen-
trations were 12,000 times higher than that of Cu.
A twice as high influence on the determination of
copper was observed for Ba, Sr and Bi (see Fig. 5).
Figure 6 implies that Mn, Al, Li and Fe have the
highest interfering effects on copper determination.
These metals could be tolerated up to their concen-
trations at least 2000 times higher than those of
Cu. Therefore, according to the interfering effect
the examined metals can be ordered as Mn, Al, Li,
Fe > Ba, Sr, Bi > Pb, Zn, Ni, Cr > Na, K, Ca,
Mg, Co, Cd. Moreover, these results clearly indica-
te the high level of selectivity of the FAAS method,

and no masking reagents are required for the effi-
cient determination of copper in tea samples.
Determination of copper was performed in seve-
ral commercially available tea samples, such as Bro-
oke Bond, Georgian, Dilmah, Ceylon and Chinese gre-
en tea leaves. The accuracy of the results of analy-
tical determination of copper was evaluated by the
method of addition. The results obtained for cop-
per determination by the FAAS method are sum-
marized in Table. The concentration of Cu in tea
leaves ranged from 33.9 mg kg (Brooke Bond) to
19.8 mg kg (Chinese green). Besides, the results in
Table confirm that the accuracy of the developed
flame atomic absorption spectrometric method of
the determination of Cu in tea samples is efficient.
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Moreover, the proposed analytical procedure is sim-
ple, fast, selective and not labor-intensive.

CONCLUSIONS

The main characteristics for the determination of cop-
per in tea leaves by FAAS have been investigated. It
has been demonstrated that the nature of inorganic
acid does not exert a significant influence on the ab-
sorbance of copper. However, the analytical signal was
found to be dependent very much on the propane-
butane gas pressure used for the atomization of cop-
per. The absorbance of copper was stable only in a
rather narrow range of gas pressure (from 7.5 - 10° to
12.5 - 10° Pa). The calibration curve obtained under
the best conditions showed a linear correlation within
the concentration range from 0.05-1.2 pg ml*. The
observed detection limit of copper is about 0.05 ug
ml. According to the interfering effect, the exami-
ned metals can be ordered as Mn, Al, Li, Fe > Ba, Sr,
Bi > Pb, Zn, Ni, Cr > Na, K, Ca, Mg, Co, Cd. A
method for the direct determination of copper in dif-
ferent tea samples by FAAS has been developed. The
methodology showed an excellent reproducibility and
accuracy. In addition, the proposed method shows a
low analytical cost, fairly easy operation, simplicity and
needs short time for analysis.
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VARIO NUSTATYMAS ARBATPOLESE ATOMINES
ABSORBCINES SPEKTROMETRIJOS METODU

Santrauka

I6tirtos ir optimizuotos pagrindinés vario nustatymo salygos
liepsnos atominés absorbcinés spektrometrijos (FAAS) me-
todu ir parengta efektyvi metodika variui nustatyti arbat-
polése. Nustatyta, kad absorbcijos signalas tiesidkai priklauso
nuo vario koncentracijos intervale 0,05-1,2 pg ml=, kai pro-
pano-butano dujg slégis idlieka 7,5 - 10°-12,5 - 10° Pa.
Mapiausia vario nustatymo riba — 0,05 pg ml-%. Optimizuo-
tos metodikos atrankumo tyrimo rezultatai parodé, kad ma-
piausia étaka vario atominei absorbcijai turi Na, K, Ca, Mg,
Co ir Cd. Jie netrukdo nustatyti var, net kai jo koncentra-
cijos 20000 kartg didesnés up vario koncentracijas tiriamo-
joje sistemoje. 12000 kartg didesnés Pb, Zn, Ni ir Cr kon-
centracijos taip pat neturi dtakos vario atominei absorbci-
jai. Nustatyta, kad Ba, Sr ir Bi koncentracijos gali bati di-
desnés up vario koncentracija apie 6000 kartg. Diek tiek di-
desnaz dtaka turi Mn, Al, Li ir Fe — jie netrukdo nustatyti
var, kai jg koncentracijos 2000 karte didesnés up vario kon-
centracija tirpale. Parengta ir pritaikyta variui nustatyti ar-
batpolése FAAS metodika yra tiksli, paprasta, greita, eko-
nomidka, pasipymi aukdétu atrankumu ir gali bati sékmingai
taikoma efektyviai vario kiekio kontrolei Siuose maisto pro-
duktuose.



