
Trace Elements and Electrolytes, Vol. 27-No. 3/2010(110-114)

r-'

Original
®2010Dus,H-VeHagDnK^Feis«e

Determination of zinc and lead in human hair
by atomic absorption spectrometry after
digestion with tetramethylammonium
hydroxide and conventional methods
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Abstract. Various digestion methods were
compared for determination of zinc and lead in
human hair by atomic absorption spectroscopy.
For the digestion of hair samples, alkaline di-
gestion in tetramethylammonium hydroxide
was used in addition to conventional acidic di-
gestion methods like dry ashing, wet ashing and
microwave digestion in acid. The accuracy of
the methods was tested by certified standard
reference material, CRM BCR-397 human hair.
According to the statistical evaluation of the re-
sults, there are no significant differences be-
tween the four digestion methods. Relative er-
rors of the certified value of CRM BCR-397
were less than 10% except for the tetramethyl-
ammonium hydroxide digestion method.

Introduction

It is known that there are several trace ele-
ments in the human body that play important
roles in biochemical processes. One of them
is zinc, which is an essential element because
of its biological function in the human body.
Zinc is an integral component of a large vari-
ety of proteins and enzymes, and participates
in many metabolic and chemical processes in-
cluding carbonhydrate, lipid, protein and nu-
cleic acid synthesis or degradation. Zinc is
also required to maintain a healthy immune
system for proper wound healing and the
normal growth and development of an indi-
vidual during pregnancy, childhood, and ado-
lescence [11]. Antoher trace element is lead,
which is known to be a toxic agent that accu-
mulates in living organisms and presents
high-toxic potential over a lifetime. It is used in
accumulators, production of tetraethyl lead,
guns, solders and X-ray equipment. Lead
may enter the organism via alimentary and/or

respiratory tract. Its main biochemical effect is
inhibition of heme synthesis. This effect is man-
ifested as hematological damage. In addition,
ingestion of lead is harmful to the central ner-
vous system, gastrointestinal tract, and kidneys.
In some cases, it may cause convulsions, coma
and death. Because of its extensive use and high
toxicity, lead is one of the elements that has re-
ceived considerable attention [5].

In the last few decades biomonitorization
studies of trace elements in biological and clin-
ical materials have become very important.
Hair, blood, urine, nails, breast milk etc. have
usually been used for the purpose of trace ele-
ments determination in the human body. Hair
has various advantages among these matrices,
such as easy collection, low cost, easy trans-
port and storage [3, 4]. Additionally hair
provides information about the intracellular
accumulations and long-term exposure of
trace elements [3].

Determination of trace elements is diffi-
cult in biological and clinical matrices be-
cause of their low concentrations. Therefore,
a sample preparation step is taken into consid-
eration in the hair analysis [1]. Hair samples
are required dissolution procedure to deter-
mine trace elements [7]. Various sample
pre-treatment methods have been used for the
purpose of sample preparation for the trace
element analysis of hair samples with
atomic spectroscopic techniques. Dry and
wet ashing in acidic medium and micro-
wave-assisted acid digestion procedures are
the most widespread sample preparation meth-
ods. In addition to the above mentioned con-
ventional acidic digestion methods, tetra-
methylammonium hydroxide has been used
in the sample decomposition of biological
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Table 1. Instrument operating parameters of the flame atomic absorption
spectrophotometer.

Wavelength (nm) >

Lamp

Slit width (nm)

Lamp current (mA)

Fuel flow rate (1 min"'')

Air flow rate (1 min'^)

Background correction

213.90

Zinc hollow cathode lamp

0.5

5.00

1.490

10.00

Deuterium

Table 2. Instrument opei-ating parameters of the graphite furnace atomic ab-
sorption spectrophotometer.

Wavelength (nm)

Lamp

Slit width (nm)

Lamp current (mA)

Carrier gas

Sample volume

Background correction

Matrix modifier

283.3

Lead hollow cathode lamp

0.7

10

Argon

20 pi

Zeeman

NH4H2PO4 + Mg(NO3)2

Table 3. Graphite furnace temperature program.

Drying 1

Drying II

Pyrolysis

Atomization

Cleaning

110

130

900

1,900

2,450

1

15

10

0

1

30

30

20

5

3

250

250

250

0

250

decompose hair samples in their study. Iti our
previous study, we used a dry ashing method
for preparation of hair samples [2]. A tetra-
methylammonium hydroxide solubilization
method, at room temperature was proposed
by Batista et al. [1] for digestion of nail sam-
ples. Authors have reported that this sug-
gested method is reliable for the determina-
tion of Cd, Cu, Mn, Ni, Pb and Zn in nail
samples by inductively coupled plasma mass
spectrometry and electrothermal atomic ab-
sorption spectrophotometry. They also noted
that the proposed method was inexpensive,
simple and qick. Silva et al. [8] reported on an-
other solubilization method with tetramethyl-
ammonium hydroxide. They described the pro-
cedure as a simple, safe, fast, reproducible and
effective solubilization method of marine tis-
sues for direct determination by ETAAS. More-
over, authors reported that samples prepared
with tetramethylammonium hydroxide can
be stored for up to 3 years at room tempera-
ture without any change in analyte concentra-
tions.

In the present study, different digestion
methods are compared for the determination
of zinc and lead in human hair by atomic ab-
sorption spectroscopy. For the digestion of
hair samples, alkaline digestion in tetramethyl-
ammonium hydroxide was used in addition to
conventional acidic digestion methods like
dry ashing, wet ashing and microwave diges-
tion in acid. Our aim is to investigate whether
the alkaline digestion in the tetramethyl-
ammoniumhydroxide procedure can be an al-
ternative to the acidic digestion methods for
determination of zinc and lead in human hair.

and clinical specimens for determination of
trace elements. Rao et al. [7] standardized a
nitric acid and peroxide digestion procedure,
which offers an efficient method for the di-
gestion of hair samples. Authors have re-
ported that the validity of the wet digestion
procedure was confirmed by the excellent re-
coveries obtained for some of the elements
determined by inductively coupled plasma
atomic emission spectrometry for the stan-
dard reference materials. Dombovári and
Papp [3] carried out a comparative study for
trace elements analysis in human hair by using
difFerent washing procedures and digestion
methods. Morton et al. [6] used a microwave-
assisted acid digestion procedure in order to

Materials and methods

Instrumentation and Apparatus

A GBC Avanta PM flame atomic absorp-
tion spectrometer with deuterium background
corrector and a zinc hollow cathode lamp were
used for the determination of zinc. Lead lev-
els were measured by a Perkin-Elmer
AAnalyst 600 graphite furnace atomic ab-
sorption spectrophotometer equipped with
Zeeman background correction and a lead
hollow cathode lamp. The instrumental para-
meters and operating conditions are shown in
Tables 1,2 and 3.
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Reagents, standards and
solutions

All chemicals and reagents were of ana-
lytical grade. Nitric acid (69% select for
trace elements) and tetramethylammonium
hydroxide (25% m/v in water solution) were
supplied by Fluka. Hydrogen peroxide (30%)
was provided by Merck. The certified refer-
ence material, IRMM CRM BCR-397 Hu-
man Hair (Institute for Reference Materials
and Measurements, Geel, Belgium) was used
for quality control of analytical data. Stock
standard solutions of zinc and lead were ob-
tained from Merck. All solutions were pre-
pared immediately before use. Deionized wa-
ter obtained from Millipore Milli-Q Synthesis
AlO system was used for preparation of all
solutions. All vessels and glassware were ini-
tially washed in 10% (v/v) nitric acid solution
and 1 % (v/v) deionized detergent solution, re-
spectively, followed by rinsing them with
deionized water three times, then dried in an
oven. New disposable pipette tips were used for
transferring the liquids which were used in the
analysis.

Sample collection and storage

Scalp hair was used for the determination
of trace elements. Hair samples were col-
lected from 20 healthy adult volunteers, using
stainless steel scissors, from their suboccipi-
tal zone with the previously described method
[2]. The samples were briefiy placed into
marked envelopes and were stored in clear
paper envelopes until prepared for analysis.

Washing procedure

Hair samples were washed prior to sample
pre-treatment procedures to remove exogenous
contaminants from the surface. The washing
procedure was performed by modification of
the previously described method [10]. In short,
the samples were first washed with deionized
water, then three times with acetone, and finally,
again three more times, this time with deionized
water. Then, the samples were oven-dried at
75 °C and put into a desiccator. After drying, the
samples were stored in pre-cleaned and -labeled
Polypropylen vials.

Digestion procedures

Four types of digestion procedures were
applied to the hair samples. In the following
defined digestion procedures, one blank
sample was also digested along with every
batch of the samples for each related proce-
dure.

Dry ashing

The washed and dried hair samples were
weighed in porcelain crucibles of approxi-
mately 0.1 g and then ashed in a kiln for 16 h
at 400 °C. Each of the ashed samples was dis-
solved in 5 milliliters of diluted nitric acid so-
lution.

Wet ashing

The wet ashing procedure was carried out
with polyprophylen vials. The washed and
dried hair samples, weighing of approxi-
mately 0.1 g were put into polypropylene vi-
als. First, 1 ml of nitric acid was added to the
samples, which were heated to 60 °C in a wa-
ter bath. Then, one milliliter hydrogen perox-
ide was added to provide a clear solution. Fi-
nally the samples were diluted to their final
volume with deionized water.

Microwave digestion

For the digestion of the samples, CEM
Mars 5 closed-vessel microwave-assisted
acid digestion system was used. An approxi-
mately 0.1 g washed and dried sample was di-
gested in a nitric acid and hydrogen peroxide
mixture (4:1, v/v) for 20 minutes with the mi-
crowave system. The sample and solvent
mixture were put into tefion digestion vessels
and placed in the digestion oven. After cool-
ing down, all samples were diluted to their
final volume with deionized water.

Digestion with tetramethyl-
ammonium hydroxide

After the washing and drying procedures,
the approximately 0.1 g samples were placed
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i Table 4. Average of zinc concentrations in human ;
' hair determined by different digestion methods.

Dry ashing

Wet ashing

Microwave digestion

Digestion with tetramethyl-
ammonium hydroxide

199.87 ±5.58

191.80 ±6.00

188.43 ±6.15

162.04 ±6.48

; Table 5. Average of lead concentrations in human •
: hair determined by different digestion methods.

Dry ashing

Wet ashing

Microwave digestion

Digestion with tetramethyl-
ammonium hydroxide

1.12 ±0.07

1.14 ±0.04

1.28 ± 0.02

0.91 ± 0.08

into polypropylene vials. For each sample, 3
ml of tetramethylammonium hydroxide was
added to the vials and incubated at room
temperature for four hours to decompose
the samples. The samples were stored in a re-
frigerator after the decomposition procedure.
All samples digested with tetramethylatnmo-
nium hydroxide were diluted to their final vol-
ume immediately before analysis.

Results and discussion

All calibration graphs were linear and
correlation coefficients (r) were about > 0.99.
Analytical ranges of zinc and lead were
0.005-1.6 mg/1 and 2-140 ng/1 respectively.
Three parallel measurements were performed
for each sample. The repeatability of mea-
surements for both elements in the samples
analyzed was better than 5%.

Zinc concentrations of real samples ob-
tained with described digestion procedures
can be found in the materials and methods
section presented in Table 4. Lead concentra-
tions of real samples are presented in Table 5.

Table 6. Zinc concentration in CRM BCR-397 determined by different digestion methods.

Dry ashing

Wet ashing

Microwave digestion

Digestion with tetramethyl-
ammonium hydroxide

(^í!aiii«l®a¡Bassífii@íBa¡iP

203.63 ±1.81

196.23 ±4.06

197.13 ±2.59

167.33 ±5.25

©aiBMl íSEOiígiíifliiSaB

199 ±5.0

199 ±5.0

199 ±5.0

199 ± 5.0

l^aMBî!©@Hi®? Il

2.33

1.39

0.94

15.9

*Mean of three determinations at the 95% confidence level X + \sl^U.

Table 7. Lead concentration in CRM BCR-397 determined by different digestion methods.

Dry ashing

Wet ashing'

Microwave digestion

Digestion with tetramethyl-
ammonium hydroxide

SsiHBä (SuasaiiûHlMP

36.10 ±1.05

35.72 ±0.46

31.97 ±0.42

27.50 ±0.14

(laií3l3alísaB^jifiiíía¡D II (^äMteoaüüsi?

33 ±1.2

33 ±1.2

33 ± 1.2

33 ± 1.2

9.39

8.24

3.12

16.7

*Mean of three determinations at the 95% confidence level X + ts/./~N.
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Table 6 and Table 7 show zinc and lead con-
centrations of certified reference material,
CRM BCR 397. All the results are defined in
the mean and confidence interval at a 95%
level. To compare the values of the real sam-
ples, analysis of variance test [9] was em-
ployed. According to the statistical evalua-
tion of the test, there was no significant
difference between the four digestion meth-
ods. The accuracy of the methods were veri-
fied by recovery expertments using CRM.
Relative errors found, were less than 10%,
except for the tetramethylammonium hydrox-
ide digestion method (Table 6,7). Relative er-
rors obtained with the tetramethylamonium
hydroxide digestion method were above 15%
for both elements. It can also be clearly seen
that the measurement results for real samples
obtained with tetramethylamonium hydrox-
ide is considerably lower than the results ob-
tained from the three other methods (Table 4,
5). Zinc and lead concentrations measured in
certified reference material are shown in
Table 6 and Table 7, and the difference is
noticible.

Conclusion

Zinc and lead concentrations obtained by
the tetramethylamonium hydroxide digestion
method were not in complete agreement with
the certified values. However, the statistical
results did show that there was no significant
difference between four digestion methods.
This inconsistency between the results shows
that the alkaline digestion in tetramethyl
amonium hydroxide cannot be an alternative
to the acidic digestion methods for determina-
tion of zinc and lead in human hair.
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