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Contribution to diagnostics/prognostics of tuberculosis in children. 
I. New methods of assaying zinc and simultaneously copper and 

zinc in diluted sera by fl ame atomic-absorption spectrometry

In an att empt to provide a reliable status of metal ions in 
children, new methods of analysis of children’s sera are 
proposed. New fl ame atomic-absorption spectrometric 
(FAAS) methods are simple, cost- and time-eff ective and, 
above all, labor-, reagent- and sample-saving. Two methods 
were suggested: method A for simultaneous determination 
of Cu and Zn from 5-fold diluted sera, and method B, for 
assaying zinc alone in 10-fold diluted samples. Both meth-
ods are based on a single-step sample pretreatment (depro-
teinization with 3 mol dm–3 HCl). Method A uses a single-
step calibration with a mixed standard. The main advantage 
of method B is an additional reduction in sample consump-
tion. Both methods were fully validated against reference 
methods. Accuracy, sensitivity and precision have proven 
them to be comparable to the reference methods in terms of 
analytical performance, and applicable to analyses of chil-
dren’s sera.

Keywords: copper, zinc, fl ame atomic-absorption spectro-
metry, single-step analysis, children’s serum 

In many organisms, including humans, concentrations of metal ions are good indica-
tors of the suffi  ciency or defi ciency of an organism’s metal ion supply, or a pathological 
state. Several atomic absorption spectrometric approaches have been implemented, fl ame 
atomic-absorption spectrometry (FAAS) being one of the most successful (1). When analy-
ses of clinical specimens are undertaken, analytical instrumentation is usually selected 
with regard to the analyte(s), their concentration and the matrix (or matrices). Inductively 
coupled plasma – mass spectrometry is the logical choice when biomonitoring for a panel 
of trace elements at background levels is the analytical task (2). However, fl ame or graphite 
furnace atomic absorption (FAAS/GFAAS) or emission spectrometry such as inductively 
coupled plasma – optical emission spectrometry are usually applied to the analyses of 
metal ions in clinical samples. All these techniques require elaborate and costly pretreat-
ments of the samples.
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Weinstock and Uhlemann (3) proposed automated injection of microliter samples into 
FAAS for determination of copper in untreated sera. Also, Makino and Takahara (4) pro-
posed micromethods for determination of metal ions in children by FAAS; for Cu and Zn, 
they reported simple dilution with water. Terres-Martos et al. (5) proposed FAAS for deter-
mination of copper in human serum mineralized with an HNO3/HClO4 (4:1) mixture and 
heated to 120 °C in a mineralization block, while Lopes et al. (6) described a fully auto-
mated fl ow system to accomplish sequential determination of copper in serum and urine 
by FAAS. Salmela and Vuori (7) proposed a FAAS method for Cu and Zn in serum diluted 
with water, adoptable to pediatric research. Even nowadays, reference methods suggest 
assaying of sera for copper and zinc aft er simple dilution with water (8). 

Here, we report on the continuation of our research to develop new reliable analytical 
procedures for quantitation of metal ions in human sera by FAAS (9, 10). We are suggesting 
new methods for simultaneous determination of Cu and Zn in serum and of zinc alone, 
based on single-step pretreatment of the sample. The methods are intended for use in di-
agnostic/prognostic screening of pediatric tuberculosis.

EXPERIMENTAL

Materials

Reagents. – Ultrapure water (electrolytic conductivity 0.055 μS cm–1) was used through-
out. Hydrochloric acid 35 % (Lach-Ner, Czech Republic), glycerol (Gram-mol, Croatia), 
NaHCO3 (Kemika, Croatia), Na2HPO4 × 2H2O (Merck, Germany), KCl (Lach-Ner), MgCl2 × 
6H2O (Kemika), CaCl2 × 2H2O (Merck Alkaloid, Macedonia), NaCl (Zorka, Serbia) and 
HNO3 65 % (Kemika) were all of pro analysi grade.

Human albumin 20 % and human intravenous immunoglobulin 5 % were both from 
the Institute of Immunology (Zagreb, Croatia).

Serum samples. – All experiments were approved by the Ethical Committ ees of the 
Srebrnjak Children’s Hospital, Zagreb, Croatia, and Faculty of Pharmacy and Biochemistry, 
University of Zagreb, Zagreb, Croatia. To establish new methods, the pool of remnant 
children’s sera was used. All sera samples were obtained from the Children’s Hospital 
Srebrnjak, Zagreb, Croatia, in 2006 and 2007, and were stored at –18 °C. Before analysis, the 
serum sample was thawed overnight and mixed for 10 min.

HCl-acidifi ed serum pool was prepared by adding 3 mol dm–3 HCl into the serum 
pool to a fi nal dilution ratio 1:5 (AS/5) or 1:10 (AS/10).

Synthetic serum (real blank). – Synthetic serum was prepared so as to mimic human 
serum (ionic strength approximately 145 mmol L–1): human albumin and human immuno-
globulin 5 and 2 %, Na+, Cl–, HCO3

–, HPO4
2–, K+, Mg2+, Ca2+ (151, 91, 25, 1, 4, 1, 2.5 mmol L–1, 

resp.). Synthetic serum was stored at +4 °C.
HCl-acidifi ed synthetic serum was prepared by adding 3 mol dm–3 HCl into syn-

thetic serum to a fi nal 1:5 (ASM/5) or 1:10 (ASM/10) dilution ratio.

Standard solutions. – Stock standard solutions were 1026.81 mg mL–1 Cu and 1061.77 mg mL–1 
Zn. Copper stock solution was prepared by dissolving CuCl2 × 2H2O in 0.1 mol L–1 HCl; Zn 
stock solution was obtained by dissolving elemental zinc in 11.7 mol L–1 HCl. Both stock 
solutions were standardized complexometrically and diluted to interdilution of 10 mg mL–1.
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Calibration standards were prepared fresh daily. Working standard solutions for cali-
bration for both metal ions (0.2, 0.4, 0.6, 0.8, 1.0, 1.2, 1.6 and 2.0 mg mL–1 metal ion) were 
obtained from the interdilution and diff erent diluents. For simultaneous determination of 
Cu and Zn (method A), these were 0.6 mol L–1 HCl, 5 % glycerol, HCl-acidifi ed synthetic 
serum (ASM/5), and for Zn alone (method B) 0.3 mol L–1 HCl, 4 % glycerol and HCl-acidi-
fi ed synthetic serum (ASM/10).

Individual standard solutions of Cu and Zn and mixed standard solutions (Cu+Zn) 
were prepared in 0.6 mol L–1 HCl for simultaneous determination of metal ions.

Calibration standards in ASM/5 (0.6 mol L–1 HCl) or ASM/10 (0.3 mol L–1 HCl) were 
prepared from synthetic serum, 3 mol L–1 HCl and water, and interdilutions of metal ions. 
ASM/5 or ASM/10 with no analyte added served as blank sample.

For standard additions (0.3, 0.5, 0.7, 1.0, 1.5 and 2.0 mg mL–1 metal ion), HCl-acidifi ed 
serum pool was used together with interdilutions of metal ions, 3 mol L–1 HCl and water 
to obtain systems equaling AS/5 and 0.6 mol L–1 HCl, or AS/10 and 0.3 mol L–1 HCl.

Equipment

The FAAS instrument used was a PerkinElmer (USA) AAnalyst 800 atomic absorption 
spectrometer with deuterium background corrector (DBC). Applied instrumental parame-
ters are given in Table I.

A microcentrifuge Eppendorf 5415D (Eppendorf, Germany) was used for centrifuga-
tion of samples.

Analytical procedures

To avoid contamination of samples and standard solutions, both the laboratory glass-
ware and plasticware were soaked in nitric acid 1:1 for 24 h and then rinsed several times 
with ultrapure water.

Determination of Cu in serum by the modifi ed reference method (8). – Sample (serum pool) 
was diluted 5-fold with ultrapure water, homogenized and let sett le. The supernatant was 

Table I. I nstrumental parameters

Element Cu Zn

Lamp type HCLa HCLa

Lamp current (mA) 15 15

Wavelength (nm) 324.8 213.9

Slit sett ing (nm) 0.7 0.7

Fuel/oxidant acetylene/air

Acetylene pressure (Pa)/fl ow rate (L min–1) 9 × 104/2

Air pressure (Pa)/fl ow rate (L min–1) 5.5 × 105/17

a Hollow cathode lamp.
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aspirated directly into the nebulizer system of the instrument. Copper concentration was 
determined by comparison with standard solutions prepared in 5 % glycerol.

Determination of Zn in serum by the reference method (8). – Sample (serum pool) was di-
luted 5-fold with ultrapure water, homogenized and let sett le. The supernatant was aspi-
rated directly into the nebulizer system of the instrument. Concentration of zinc was de-
termined by comparison with standard solutions prepared in 5 % glycerol.

Determination of Zn in serum by the modifi ed reference method (8). – Sample (serum pool) 
was diluted 10-fold with ultrapure water, homogenized and let sett le. The supernatant was 
aspirated directly into the nebulizer system of the instrument. Zinc concentration was 
determined against standard solutions prepared in 4 % glycerol.

Optimization of new methods and general procedures. – Optimization was performed by 
varying experimental parameters (10). Optimum parameters were already reported as: 3 
mol L–1 HCl for serum deproteinization, stirring time 5 min, sett ling/heating time and 
temperature: 5 min/50 oC, centrifugation time and speed: 10 min/15,000g (10).

Measurements of supernatants-aspirates were corrected for blank values.

Method A. New method for simult aneous determination of Cu and Zn in serum at a dilution 
ratio of 1:5. – Deproteinization of the serum sample was performed by adding 3 mol L–1 HCl 
in a ratio 1:2 and stirring, then diluting with water to a total dilution ratio of 1:5, mixing, 
heating and centrifuging. Obtained serum samples were 5-fold diluted, with the fi nal 
concentration of HCl of 0.6 mol L–1.

Method B. Newly modifi ed assay of Zn in serum at a dilution ratio of 1:10. – Deproteinization 
was performed by adding 3 mol L–1 HCl in a ratio 1:2 and stirring, then diluted with water 
to a total dilution ratio of 1:10, mixing, heating and centrifuging. Obtained sera samples 
were 10 times diluted, with the fi nal concentration of HCl of 0.3 mol L–1.

Data analysis. – Analytical performances were evaluated according to ICH guidelines 
(11). Calibration sensitivity (CS) was given by the slopes of regression lines. Detection 
limit (DL) was evaluated according to the relation: DL = 3.3 × SDi/CS (SDi is standard de-
viation of the calibration line intercept). Precision was given both as repeatability and in-
termediate precision.

Data obtained for the reference methods and the proposed methods, A and B, includ-
ing diff erent calibration approaches, were statistically compared on the basis of: (i) calibra-
tion sensitivity and (ii) estimated concentration of analyte in the serum pool. Regression 
line parameters and all concentration estimates were given as mean ± SD values.

TWOLINE and TWOLINE1 programs were used for the analysis of parallelism be-
tween calibration lines. Two-tailed distributions at signifi cance level of 0.05 were applied 
for both non-parametric tests (Mann-Whitney U-value, Kruskal-Wallis) and t- and F-tests.

RESULTS AND DISCUSSION

Trueness of new methods

Method A. Simultaneous determination of copper and zinc in serum. – Trueness and reli-
ability of the method were demonstrated by the results for analyte concentration, calibra-
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tion sensitivity, detection limit, accuracy and precision. The newly proposed method was 
statistically compared with the reference methods by various calibration approaches (stan-
dard additions in HCl-acidifi ed serum AS/5, calibration in HCl-acidifi ed synthetic serum 
ASM/5, and calibration in 0.6 mol L–1 HCl).

Analytical performances evaluated during method optimization are displayed in 
Tables II-IV.

Separate calibrants versus combined calibrant. – For calibrations in 0.6 mol L–1 HCl, slopes 
and intercepts of calibration lines obtained for Cu and Zn per se and in a mixture were 
statistically compared. No statistically signifi cant diff erences were found for either slope 
or intercept; moreover, R values were ≥ 0.9993 in all cases (data not shown). Hence, calibra-
tion was further executed from a mixed calibrant solution.

Calibration and recovery. – Collective calibration data for both analytes were used to 
observe the eff ects on calibration sensitivity (CS, Table II). Calibration range of 0.1–2.0 
mg mL–1 for both metal ions was investigated. R- (R > 0.996, p < 1 × 10–8) and RSS-values (1.3 
× 10–5 to 1.1 × 10–2) speak in favor of strong linear correlation in all systems. Imprecision of 
the calibration line slope was 0.4–1.5 % for Cu and 0.8–2.2 % for Zn.

Comparable values of calibration sensitivity were obtained by diff erent calibration ap-
proaches for Cu (0.050–0.054 mL mg–1) and for Zn (0.23–0.24 mL mg–1) (Table II). Recovery of 
calibration relative to the reference method was 95–104 and 101–108 %, respectively. How-
ever, diff erences > 4 % were recognized as signifi cant, making the calibration line slope for 
Cu in 5 % glycerol signifi cantly diff erent from that in 0.6 mol L–1 HCl and in ASM/5 but not 
from standard additions into AS/5, at P = 95 %. The latt er diff ered signifi cantly only from 
calibration in 0.6 mol L–1 HCl. As far as zinc is concerned, calibration sensitivity in 5 % glyc-
erol diff ered signifi cantly from the method of standard additions only.

In the next step, concentrations of both analytes were estimated in pooled sera (Table 
III). All concentrations lay within reference intervals for copper and zinc in the sera of 
general child population (12, 13).

The results obtained through concentrations and through CS-values diff er to some 
extent. In the case of copper, the concentration estimated from 5 % glycerol did not sig-
nifi cantly diff er from calibration in 0.6 mol L–1 HCl or standard additions to HCl-acidifi ed 
serum pool but diff ered signifi cantly from calibration in HCl-acidifi ed real blank. Zinc 
concentration estimated by the reference method did not diff er signifi cantly from either of 
the new approaches applied. Here, the bias as high as ± 10 % was not recognized as sig-
nifi cant. Summing up, we found that calibrations in 5 % glycerol did not diff er signifi -
cantly from either calibration in 0.6 mol L–1 HCl or standard additions, for both metal ions, 
at P = 95 % (Table III). Respective recoveries of 99 and 90 % for Cu and 91 and 101 % for Zn 
were calculated. This data is in concordance with the recovery requirements in bioanalyt-
ics (14). In conclusion, the latt er approaches might reliably replace each other and the refer-
ence calibration medium as well. For the sake of simplicity, 0.6 mol L–1 HCl was suggested 
as medium for calibration instead of 5 % glycerol for simultaneous determination of zinc 
and copper. The validity of substituting 5 % glycerol with 0.6 mol L–1 HCl as a calibration 
medium was additionally proven through non-parametric tests: no signifi cant diff erences 
were found by Mann-Whitney U-value and Kruskal-Wallis tests with respective p-values 
of 0.06876 and 0.0648 for Zn, and 0.711 for Cu. 
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Table IV. Precision of copper and zinc concentration estimates from the pooled sera by the new methods A and B

Analytical
approach

Cu Zn

Repeatability Intermediate 
precision Repeatability Intermediate 

precision

RSD (%)/n RSD (%)/Na RSD (%)/n RSD (%)/Nb

New methods
(calibration in HCl)

0.6 mol L–1 (A) 0.0–9.8/2–6 3.3–23.7/17 1.3–21.1/2–3 3.8/11

0.3 mol L–1 (B) 2.7–8.4/2–3 11.4–24.6/10

Reference methods
(calibration in glycerol)

5 % (A) 0.0–6.1/3 0.8–8.8/24 1.6–4.2/3 8.6–14.3/12

4 % (B) 2.5–6.4/3–5 6.1–22.8/12

n – number of independent analyses within-a-batch, N – total number of independent analyses in diff erent days
Number of batches/days: a 5, b 4.

Detection limit and precision. – Estimated DL value for Cu was improved from 0.04 to 
0.01 mg mL–1 when 5 % glycerol was replaced with 0.6 mol L–1 HCl; for  Zn, DL remained 
the same, 0.03 mg mL–1 (Table II).

Precision obtained by method A was comparable to that in 5 % glycerol: for Cu, it was 
0–10 % for repeatability and 3–24 % for intermediate precision compared to 0–6 and 1–9 %, 
resp. (Table IV). For zinc, repeatability was 1–21 and intermediate precision 4 % compared 
to 2–4 and 9–14 %, resp., in 5 % glycerol. Other approaches showed comparable precision 
values (Table III).

Method B. Method for zinc. – Table II shows that calibrations in the concentration range 
of 0.1 to 2.0 mg mL–1 Zn in diff erent media resulted in reliable calibration sensitivity (CS) 
(as evidenced by low RSDCS values). Good linearity fi t was documented by the favourable 
coeffi  cient of correlation of R ≥ 0.991 with p < 1 × 10–8 and by the low residual sum of squares 
in the range 10–2 to 10–3. CS values ranged from 0.24–0.25 mL mg–1. Calibration recovery was 
102–109 %, close to that for zinc at the 5-fold dilution level (method A). In both the com-
parison of calibration sensitivity (Table II) and zinc concentration estimate in pooled sera 
(Table III), calibration in 4 % glycerol signifi cantly diff ered only from standard additions 
into AS/10 but not from calibrations in ASM/10 or 0.3 mol L–1 HCl. Here again, the bias of 
zinc concentration estimate as high as +8 % was not recognized as signifi cant.

Comparable precision of all approaches is evident (Tables III and IV).
Due to the high DL evaluated for calibration in ASM/10 but acceptable DL obtained in 

0.3 mol L–1 HCl, the latt er was chosen as medium to be applied throughout. Mann-Whitney 
U-value test and Kruskal-Wallis test served to additionally document the proper choice of 
0.3 mol L–1 HCl instead of 4 % glycerol as a calibration medium: non-signifi cant diff er-
ences with respective p-values 0.22246 and 0.2103 were found.
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Zinc concentration found in the sera agrees well with the physiological values for 
general child population (12, 13).

No statistically signifi cant diff erences were found between Zn concentration data ob-
tained by method A (5-fold dilution) and method B (10-fold dilution). The latt er method 
was characterized by slightly higher calibration sensitivity (by ca. 4 %), imprecision and 
DL values but, what is important, by two-fold reduced consumption of sera samples.

CONCLUSIONS

The newly proposed method for simultaneous determination of copper and zinc by 
calibration in 0.6 mol L–1 HCl (method A) is simple and cheap, providing comparable ana-
lytical performance to that of the reference methods, but characterized by lower consump-
tion of sera and reagents and higher analytical throughput. When analysis of zinc alone is 
the analytical task, new modifi cation for assaying zinc (method B) is an option off ering 
additional lowering of the consumption of sera samples, which is especially important 
when dealing with pediatric patients. Both methods, A and B, show comparable analytical 
fi gures of merit.

Considering also the favourable detection limiting values of 0.012 mg mL–1 for Cu and 
0.027 and 0.061 mg mL–1 for Zn, the proposed methods seem to be applicable to routine 
work in clinical and diagnostic laboratories for analyzing sera of children with expected 
concentrations of 0.1–1.7 mg mL–1 Cu and 0.6–1.4 mg mL–1 Zn (12, 13).
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