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ABSTRACT

Concentration levels of metals (Cd, Pb, Fe, Zn, Ca, Mg, Na and K) in the thermal waters of Karakaya-Ayas,
fgmece-Ayas, Beypazari, Haymana and Kizilcahamam spas containing highly complex matrices and in water
standard reference materials (SRMs: Spsww-1 and 1643¢) were determined by electrothermal atomic absorption
spectrometer (ETAAS), flame atomic absorption spectrometer (FAAS) and FAAS with atomic emission mode.
Pyrolysis and atomization temperatures, atomization and background signals of Cd and Pb by ETAAS were
investigated with Ni, Ni+Ru and Ni+Ru+CA modifier mixture and without. Concentrations of analytes found in
the thermal waters were compared with water quality guidelines of the World Health Organization, European
Legislation, Environment Protection Agency (US EPA) and the Turkish standards and regulations.

Key Words: Ni+Ru-+citric acid modifier mixture, ETAAS, FAAS, thermal waters, metals

1. INTRODUCTION

Determinations of trace heavy metals (Cd, Pb Fe and Zn,)
and major alkaline and alkaline earth elements (Na, K, Ca
and Mg) in the thermal waters coming from underground
by drilling at spas (sanus per aquams) have been
important during the last few decades because of the
public health and the environmental problems. Some of
these waters are consumed by people as drinking or
taking baths and others are used for heating the buildings
and irrigating the local agricultural fields. The presence
of Cd and Pb in the thermal waters are very important for
the human life and the environment because of their
toxicity [1], even if their concentrations are in low
amounts. The excess of cadmium accumulated in the
kidney causes the kidney dysfunction. Biological half-life
of Cd in humans is ranged from 10 to 35 years and it is
carcinogenic when taken by inhalation [2]. When lead is
accumulated in the body for a long time, it may cause
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deficiencies in psychological functions such as learning
ability and intelligence in humans [3]. Therefore, accurate
determinations of Cd and Pb in the thermal waters are
necessary to identify the concentration levels of water
pollution. Iron and Zn may be essential elements in
human body, but they can be toxic when taken in excess.
As well known, the iron deficiency causes anemia
disease. On the other hand, high levels of iron in the body
may cause cancer risk, heart and liver diseases, diabetes
and etc [4]. Maximum contamination level (MCL) of iron
is limited to 2 mg L™ by the World Health Organization
(WHO) [5] and to 0.2 mg L' by European Legislation
[6]. Zinc levels in ground waters generally do not exceed
0.05 mg L™, but concentration of it in the thermal water
may be higher because of zinc dissolution from natural
sources and pipes carrying thermal waters from
underground. Maximum concentration levels of sodium,
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potassium and calcium chlorides are restricted to 250 mg
L' by the WHO and waters above this value give salty
taste to waters [7]. Potassium is also an essential element
in humans and its deficiency may cause muscular
weakness and mental apathy.

Electrothermal and  flame  atomic  absorption
spectrometries (ETAAS and FAAS) are extensively used
analytical techniques for the determinations of trace and
major elements in water samples due to their operational
facilities, simplicities, good  selectivities, high
sensitivities and low costs [8-10]. However, the direct
determinations of Cd and Pb at low concentration levels
by ETAAS are generally difficult because of high
background absorption, possible matrix interferences and
high salty contents in the thermal waters [11]. Using a
platform technique and a suitable chemical modifier are
preferable to reduce background absorption signals and
interferences in real samples by ETAAS. Other
advantages of the chemical modifiers are to increase
thermal stability of analyte to the higher permissible
pyrolysis temperature without loss of analyte mass, to
volatilize the large amounts of sample matrix such as
organic and inorganic compounds and to delay the
vaporization of analyte [12, 13]. Different chemical
modifiers such as Ni, Pd [14], tartaric acid [13] and Pd +
Mg modifier mixture [15] were used for the thermal
stabilization of analyte elements.

Aims of the presented study are to determine the
concentration levels of Cd, Pb, Fe, Zn, Na, K, Ca and Mg
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in the thermal waters by ETAAS, FAAS and FAAS with
atomic emission mode (AEM) and to compare the results
of analytes found in samples with maximum permissible
values given by the WHO, European Legislation, EPA
and national standards and regulations. For this purpose,
in order to determine Cd and Pb by ETAAS, various
chemical modifiers such as Ni, Ni + Ru and Ni + Ru +
CA were tested and the optimum one was selected. Other
elements were determined by FAAS and FAAS with
AEM.

2. EXPERIMENTAL
2.1. Instrumentation

Absorbance measurements of Cd and Pb were carried out
by using Varian (Palo Alto, CA, USA) model SpectrAA
240Z electrothermal atomic absorption spectrometer with
a Zeeman background correction system, equipped with a
thermal graphite atomizer (TGA-120) and an autosampler
(PSD-120). Varian center fixed platforms inserted into
pyrolytically coated graphite tubes (P/N-63-100026-00)
and integrated mode were used for the absorbance
measurements by ETAAS throughout the studies. Varian
model 240 FS FAAS was used for the determination of
Fe, Zn, Ca and Mg with the integrated mode.
Determinations of Na and K were carried out using
Varian model 240 FS FAAS with AEM and the
integrated mode. Varian model Cd, Pb, Fe, Zn, Ca and
Mg single element hollow cathode lamps were used.
Instrumental conditions of analytes recommended by the
manufacturer are given in Table 1.

Table 1. Instrumental conditions of investigated analytes

Parameters FAAS
Fe Zn Na K Ca Mg
Acetylene, L min™ 2.0 2.0 2.0 2.0 6.35 2.0
Air, L min™ 135 13.5 13.5 13.5 11.0° 13.5
Wavelength, nm 248.3 213.9 589.0 766.5 422.7 285.2
Lamp current, mA 5.0 5.0 0.0 0.0 10.0 4.0
Slit with, nm 0.2 1.0 0.2 0.2 0.5 0.5
ETAAS
Cd Pb
Argon flow, mL min’' 0.3 0.3
Sample volume, pL 20 20
Lamp current, mA 4 10
Wavelength, nm 228.8 283.3
Slit with, nm 0.5 0.5
Heating program Temperature (°C) Ramp time (s) Hold time (s)
Dry-1 80 10 10
Dry-2 130 15 10
Pyrolysis 130-Variable® 25 20
Atomization 1800 2100 1 4
Cleaning 2600 1 2

#11.0 L min-1 for N,O is used for Ca. b See Table 2.
2.2. Chemicals and Reagents

All chemicals were of analytical grade reagents unless
specified otherwise and wused without purification.
Solutions of reagents, acids and samples were prepared
by using ultra pure water (resistivity 18.3 MQ cm)
obtained from an ultra-pure water system (Human power
I', Human Corporation, Korea) and diluted to suitable
concentrations throughout. HNO; (65% m/m), H,0,

(35% m/m) and reagents used were purchased from
Merck (Supra-pure grade acids and reagents, Darmstadt,
Germany). All prepared solutions were kept in
polypropylene bottles. Bottles, autosampler cups, pipettes
and glassware were cleaned by soaking in HNO; (10%,
v/v) for two days, rinsing three times with deionized
water and dried before using. An autosampler solution of
HNO; (0.1%, v/v) plus Triton X-100 (0.1%, v/v) mixture
was used to improve dispersion of sample solution onto
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the platform and to avoid clogging of the sample into
autosampler pipette [12, 16].

Nickel (II) stock solution (6.00 mg mL™") was prepared
by dissolving 2.97 g of Ni(NOs),.6H,0 in HNO; (1%,
v/v) and diluting to 100 mL. The Ru (III) solution (1.00 g
L") was prepared by dissolving 320 mg of Ru(NOs);.
2H,0 in HNO; (5%, v/v) and diluting to 100 mL after
evaporation of acids. Citric acid solution (4% m/v) was
prepared daily before absorbance measurements.

Fresh working solutions of analytes were prepared by
diluting the stock standard solutions of Cd, Pb, Fe, Zn,
Na, K, Ca and Mg (1.00 g L' of each, Merck) to the
suitable concentrations with nitric acid solution (0.1%,
v/v).

Argon (99.98%, Oksan, Ankara) in ETAAS was used as
carrier and protective gas during all stages (except
atomization). An air-acetylene flame for Fe, Zn, Na, K
and Mg determinations and an acetylene - nitrous oxide
flame for Ca determination were used (Table 1).

Spsww-1 and 1643e water standard reference materials
(SRMs) purchased from National Institute of Standards
and Technology (NIST, Gaithersburg, MD, USA) were
used to check accuracy and precision for the analytes.

2.3. Collection and Preparation of Samples

The thermal waters were collected from underground
waters at Karakaya - Ayas, I¢mece-Ayas, Beypazari
(Dutluk - Tahtali), Haymana and Kizilcahamam spas in
Ankara province. Haymana, Beypazari, Ayas and
Kizilcahamam are well-known recreation places with
their spas. The distances of these regions from Ankara are
about 45-70 km far. Temperatures of samples measured
at the sampling sites are 31 °C, 52 °C, 50 °C, 44 °C and
75 °C for Karakaya - Ayas, igmece - Ayas, Beypazari,
Haymana and Kizilcahamam, respectively. The pH
values of all samples measured by a field pH-meter were
from 5.0 to 8.0. The thermal waters were collected in 2-5
L new polyethylene bottles that were previously cleaned
with HNOj; solution (1%, v/v) and rinsed with the thermal
water before filling. Stock solutions in bottles were
acidified up to 1% (v/v) with concentrated HNOj; prior to
analysis.

Sample solutions were prepared according to Turkish
Standard, TS 6290 [17]. 5 mL of concentrated HNO; and
5 mL of concentrated H,O, were added to each
polytetrafluroethylene (PTFE) beaker containing 100 mL

of the thermal water sample. Samples were heated and
vaporized on a hot-plate at 55 - 60 °C until volumes of
them were approximately 20 mL to reduce carbonaceous
residues [18] and organic compounds with wet digestion.
After cooling, samples were poured into the 100-mL
volumetric flask by cleaning interior surface of PTFE
beaker three times with de-ionized water and diluted to
100 mL. One mL of 160 ug L' Cd and 2 mL of 1 mg L'
Pb aqueous standard solutions were added to each
thermal water solution and the procedure mentioned
above was also repeated for spiked solutions. Blank
solutions were prepared to observe interferences from
chemical reagents for the determinations of analytes in
sample solutions.

2.4. Optimization Studies

Pyrolysis temperatures of analytes in aqueous standards
and sample solutions were obtained with and without
modifiers studied while the atomization temperatures
were fixed at 1800 °C for Cd and 2100 °C for Pb (Table
1). For this purpose, two different optimization studies
were performed. Firstly, 1 mL of the thermal water
solution was added into 1 mL of modifier solution (Ni
(3.0 mg mL™" Ni) or Ni+Ru (3.0 mg mL™" Ni + 0.4 mg
mL"' Ru) or Ni+Ru+CA (3.0 mg mL™" Ni + 0.4 mg mL"'
Ru + 20 mg mL! CA)). Secondly, | mL of 1.0 pg L' Cd
or 1 mL of 10 pg L' Pb aqueous standard solution was
added into 1 mL of modifier solution as given above. The
prepared solutions were injected into the platform.
Pyrolysis and atomization temperatures, ramp and hold
times for Cd and Pb in samples and aqueous standard
solutions were investigated with and without modifiers in
Triton-X 100 (0.1%, v/v) plus nitric acid (0.1%, v/v)
mixture by preliminary experiments. The optimized
heating program for Cd and Pb obtained with Ni+Ru+CA
modifier mixture is given in Table 1. Atomization
temperatures of analytes were also obtained with and
wihtout modifiers while the pyrolysis temperatures of
analytes found were fixed. The integrated absorbance
versus pyrolysis and atomization temperature curves of
Cd and Pb obtained from standard and sample solutions
in the absence and the presence of Ni+Ru+CA modifier
mixture are given in Figure 1 as an example. The mean of
three absorbance values of Cd and Pb with 2% relative
standard deviation was plotted for all modifiers tested.
The pyrolysis temperatures of Cd and Pb obtained from
aqueous standard and sample solutions in the absence and
the presence of modifiers studied are given in Table 2.
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Figure 1. Pyrolysis and atomization temperature curves of Cd and Pb in aqueous standard solutions (1.0 ug L™ Cd and 10 pg
L' Pb) and Icmece-Ayas thermal water: Without (-o- for aqueous standard solutions of Cd and Pb; -e- for Cd and Pb in the
sample solution) and with Ni+Ru+CA modifier mixture (-A- for aqueous standard solutions of Cd and Pb; - A - for Cd and Pb
in sample solution).

3. RESULTS AND DISCUSSION
3.1. Thermal Stabilizations of Cd and Pb by Modifiers

Zeeman background correction, platform inserted into a
tube and a chemical modifier were used to decrease
background and interferences from sample matrix.
Thermal stabilization studies of Cd and Pb in the thermal
waters with Ni, Ni+Ru and Ni+Ru+CA modifier mixture
and without were performed because high contents of
jons such as Na', K*, Ca*" and Mg?" were present in such
samples. Optimum masses of modifiers found as 30 pg
Ni and 4 pg Ru in our previous works [13, 19] were used
and 200 pg CA was added as a reducing agent. Maximum
pyrolysis temperatures for Cd and Pb in aqueous standard
solutions and sample solutions such as Beypazari (Dutluk
- Tahtali) and Haymana obtained with Ni, Ni+Ru and
Ni+Ru+CA modifier mixture and without are given in
Table 2. As seen in Table 2, pyrolysis temperatures of
analytes in samples and aqueous standard solutions
obtained with Ni+Ru+CA are sufficient to remove large
amounts of sample matrix without the risk of analyte loss.
The use of both platform and modifier mixture delays the

vaporization of analytes in the sample solution until the
maximum pyrolysis temperatures, thus reducing
interferences [20]. Maximum pyrolysis temperatures of
analytes obtained with Ni+Ru+CA modifier mixture were
compared with the previous studies [19, 21-25] and the
results found were similar. The small differences in
pyrolysis temperatures are ascribed to the instrumental
conditions and different batch of tubes and platforms
used, and the reactivity of analytes with the modifier
mixture used. As seen in Table 2, without a modifier, Cd
and Pb mass are lost at temperatures higher than 250 °C
for Cd and 500 °C for Pb, but with the Ni+Ru+CA
modifier mixture, analytes are lost at temperatures higher
than 900 °C for Cd and 1200 °C for Pb. Pyrolysis
temperatures of analytes found by Ni+Ru+CA are enough
to eliminate interferences and to reduce background in
sample solutions in the presence of alkaline and alkaline
earth metal ions such as Na, K, Ca®" and Mg*" [26]. In
general, addition of CA as a reducing agent together with
Triton X-100 to the sample solution as Ni+Ru+CA
modifier mixture reduces the modifiers and analytes
effectively into their reactive metallic forms [27, 28].
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Table 2. Pyrolysis temperatures, limit of detection (LOD), limit of quantification (LOQ) and characteristic masses (mo) of Cd
and Pb obtained with ETAAS using various modifiers.

Temperature (°C)

Cd Pb LOD (ngL™) LOQ (ngL™) m, (pg)
Modifier Sample  Standard® [Sample  Standard® Cd Pb Cd Pb Cd Pb
Without 350 250 700 500 0.86 2.14 2.84  7.06 2.4 45
Ni 700 600 900 750 0.34 1.82 1.12 6.00 1.7 33
Ni+Ru 850 800 1150 1100 0.15 1.28 0.50 4.22 1.1 22
Ni+Ru+CA 900 900 1200 1200 0.06 0.81 0.20 2.67 0.7 16

*Maximum pyrolysis temperatures of Cd and Pb found by using aqueous standard solutions (1.0 ug L7 Cd and 10.0 pg L’

Atomization and background profiles of Cd and Pb in
sample solutions with Ni, Ni+Ru and Ni+Ru+CA and
without were studied comparatively to show how the
modifiers affect the atomization / background signals of
analytes [24, 29-31]. Figure 2 shows the Cd and Pb
atomization and background signals obtained with
Ni+Ru+CA and without in Kizilcahamam thermal waters
as an example. As seen in Figure 2, in the presence of
Ni+Ru+CA, maximum peak and appearance times of
atomization signals of Cd and Pb obtained in samples
were higher than in the absence of a modifier and there
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was no reduction in atomization signal [19, 31, 32]. High
background absorption signals of analytes were obtained
in the absence of a modifier. By using Ni+Ru+CA
modifier mixture, the lowest background signals of
analytes were obtained and matrix effects in the sample
solutions were reduced. The signal / noise ratios of
analytes obtained with the Ni+Ru+CA were higher than
those obtained without a modifier [19]. As a result of this
high signal / noise ratio, the lowest detection limits and
characteristic masses of analytes were obtained with
Ni+Ru+CA modifier mixture.
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Figure 2. Atomization and background profiles of Cd and Pb in Kizilcahamam thermal water without (Atomization,—;
Background,----) and with the Ni+Ru+CA modifier mixture (Atomization,===; Background,=====).
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3.2. Analytical Performance of the Method

Limit of detection (LOD), limit of quantification (LOQ)
and characteristic masses (m,) [33] of analytes in ETAAS
are related to the sensitivity of the method proposed. The
LOD (30,/m; the concentration of an analyte related to
the three times of the standard deviation of absorbance
values from a blank solution divided by slope of
calibration curve), LOQ (100,/m) and the m, (the mass of
analyte related to the 0.0044 absorbance unit) values for
Cd and Pb were obtained from 20 replicate measurements
of blank solutions by calibration graph method using
aqueous standard solutions with and without modifiers
[33, 34] and results are given in Table 2. As seen in Table
2, the lowest LOD, LOQ and m, values of analytes were
obtained by using Ni+Ru+CA modifier mixture and it
was preferred for the accurate and reliable determinations
of Cd and Pb in the thermal waters by ETAAS. Detection
limits of Fe, Zn, Na, K, Ca and Mg obtained by FAAS
and FAAS with AEM were 5.2,4.9,5.6,7.1,11.2 and 5.4
ug L', respectively.

Determinations of Cd and Pb by ETAAS using
Ni+Ru+CA modifier mixture and metals (Fe, Zn, Na, K,
Ca and Mg) by FAAS and FAAS with AEM in SRMs
and sample solutions were performed by using calibration
graph method. Linear dynamic ranges of analytes
obtained by using aqueous standard solutions were 0.2 -
1.5 pg I'' for Cd, 2.7 - 40 pg I'' for Pb, 0.02 - 3.2 mg L™

for Fe, 0.02 - 0.6 mg L' for Zn, 0.02 - 1.5 mg L' for Na
and K, 0.04 - 1.2 mg L' for Ca and 0.02 - 0.4 mg L™ for
Mg, respectively. Calibration graphs for analytes were
linear and correlation coefficients (R?) were higher than
0.99.

Cd, Pb, Fe, Zn, K, Na, Ca and Mg in SRMs (Spsww-1
and 1643e water) and sample solutions spiked with
aqueous standard solutions of Cd and Pb were analyzed
by ETAAS using Ni+Ru+CA mixture, FAAS and FAAS
with AEM to carry out the recovery tests and to evaluate
the accuracy and precision of the method proposed. The
satisfactory results of analytes found in SRMs are given
in Table 3. As seen in Table 3, the percent recovery
ranges of analytes obtained are from 96% to 105% and
they are in good agreement with the certified values.
Percent relative standard deviation (RSD %) of analytes
obtained is less than 5%. The aqueous standard solutions
of Cd and Pb were added into the thermal waters to
control the mass of analyte during measurements, effects
of sample matrix interferences on analyte atomization
and differences such as viscosity of sample and standard.
The recoveries of Cd and Pb found in spiked samples are
also given in Table 4. As seen in Table 4, the percent
recoveries of analytes are in the range from 95% to 105%
and RSD (%) is less than 5%. These results show that the
accuracy of the procedure is satisfactory.

Table 3. Recovery studies of analytes in SRMs (1643¢ and Sps-ww-1) by ETAAS using Ni+Ru+CA modifier mixture, by
FAAS and by FAES.

Concentration® (ug L)

Sample Element Certified value Found® RSD % Recovery %

1643¢ Cd 6.57 £0.07 6.32+0.20 3.02 96
Pb 19.6 £0.2 19.2+0.6 2.98 98
Fe 98.1+1.4 972+1.9 1.86 99
Zn 78.5+£2.2 79.4 +2.1 2.52 101
Na 20740 £+ 260 20430 + 340 1.59 99
K 2034 +29 2041+ 31 1.45 100
Ca 32300+ 1100 32100 £ 655 1.94 99
Mg 8037 +98 7981 £ 139 1.66 99

Spsww-1 Cd 20+ 1 21+1 4.54 105
Pb 100£5 97 +4 3.93 97
Fe 1000 + 5 992 + 14 1.35 99
Zn 600+ 6 608 £ 10 1.57 101

- r-s

 Mean of 6 replicate measurements with 95 % confidence level, X * T .
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Table 4. Recovery tests for Cd and Pb spiked in samples by ETAAS using Ni+Ru+CA matrix modifier mixture (Dilution
factors of analytes were 1/4 for Cd and 1/2 for Pb, respectively).

Concentration® (ug L)

Sample Element Spiked Found® RSD % Recovery %
Karakaya - Ayas Cd 0.0 0.81 £0.03 3.53 -
0.4 1.19+£0.05 4.00 98
Pb 0.0 3.26+0.12 3.51 -
10 12.9+£0.58 4.29 97
Igmece - Ayas cd 0.0 0.93 +0.03 3.07 -
0.4 1.29+£0.05 3.69 97
Pb 0.0 4.18+0.15 3.42 -
10 13.6 £0.58 4.06 96
Beypazari Cd 0.0 1.07 £0.04 3.56 -
0.4 1.41 £0.06 4.06 96
Pb 0.0 3.96 +£0.16 3.85 -
10 13.7+0.61 4.24 98
Haymana Cd 0.0 0.69 £0.03 4.14 -
0.4 1.04 £0.04 3.67 95
Pb 0.0 3.89+0.13 3.19 -
10 14.1 £0.52 3.52 102
Kizilcahamam Cd 0.0 1.08 £ 0.04 3.53 -
0.4 1.42 £0.06 4.03 96
Pb 0.0 3.04+0.11 3.45 -
10 12.8 £0.58 4.32 98
- 1S

* Mean of 6 replicate measurements with 95 % confidence level, X &

3.3. Determinations of Analytes in the Thermal
Waters

Cd and Pb by ETAAS using the Ni+Ru+CA modifier
mixture, Fe, Zn, Ca and Mg by FAAS, and Na and K by
FAAS with AEM in the thermal waters were determined.
The concentrations of analytes expressed as the average +
confidence interval at 95% confidence level are given in
Table 5. As seen in Table 5, the results of analytes found
in the thermal waters were compared with maximum

v

permissible levels (MPLs) of analytes for water quality
criteria given by the WHO [5, 7], European Community
Directive [6], US EPA [35, 36], the Turkish standards
and regulations [37-40] and a previous study [41].
Unfortunately, a water quality guideline or a standard for
the thermal waters was not found. Metal contents of these
waters can be changed in different regions of the world
and the results of analytes found may be higher than the
maximum permissible values for drinking water given by
the WHO or EPA.

Table 5. Results of analytes found in thermal waters and comparison with maximum admissible concentrations of analytes
given in guidelines, regulations, standards and previous study.

Concentration®
ElementUnit  Karakaya- femece - Beypazari Haymana Kizilcahamam MPL for drinking waters [Ref.
Ayas Ayas No.]
Cd pgLT 32+02 3.7+0.2 43+02 2.8+0.2 43+0.2 3[7,37,38,41], 5 [6,35,36,40]
pgL! 65=0.1 8.4+04 79+03 7.8+0.1 6.1+0.2 10 [6,7,37-40], 15 [35]
pgL!' 36117 391 +22 373+ 18 146 £ 21 323+15 200 [6,39,40], 300 [7,35-37], 1000
[38], 2000 [5]
pgL!t 67+3 49 +2 13+1 84+3 98 +4 3000 [7], 5000 [35-37], 980 [41]
Na mgL!' 147+5 121+4 524 +23 71+3 583 +28 200 [6], 250 [7], 175 [37]
mgL' 47+2 4143 93+0.6 11£2 45+2 250[7], 12 [37]
mgL' 536+21 548 +25 528 +£22 93+4 22+1 100 [7,37], 421 [41]
Mg mgL' 76+3 82+4 11+1 27+1 34+2 36.5[7], 50 [37], 447 [41]

* Mean of 6 replicate measurements with 95% confidence level, X & T .



792 GU J Sci, 27(2):785-794 (2014)/ Orhan ACAR, O. Murat KALFA, Ozcan YALCINKAYA, A. Rehber TURKER

It was observed that average values of Cd found in water
samples are lower than the MPLs of Cd given by
European Community, Directive 98/83/EC [6], the WHO
[7], US-EPA [35, 36], the Turkish standards and
regulations [37 - 40] and also previous study [41] (Table
5). From the guidelines for drinking water quality given
by the WHO [7], the level of Cd in drinking water should
be less than 1 pg L' and provisional tolerable monthly
intake (PTMI) of Cd is 25 pg kg™ of body weight for 60
kg adult. Concentrations of Pb found in sample solutions
are also lower than the MPLs of Pb for water quality
given by European Community, Directive 98/83/EC [6],
the WHO [7] and the Turkish standards and legislations
[37 - 40] and given by US-EPA [35] (Table 5). The level
of Pb in drinking-water is generally below 5 pg L and
established provisional tolerable weekly intake (PTWI) of
Pb is 25 pg kg! body weights for 60 kg adult.

Iron concentrations in Karakaya - Ayas, Igmece - Ayas,
Beypazar1 and Kizilcahamam thermal waters are higher
than maximum permissible values given by European
Community, Directive 98/83/EC [6], the WHO [7], EPA
[35, 36] Turkish standard [39] and legislations [37, 40],
but they are lower than MPL given by the Turkish
standard [38]. Concentration ranges of Fe in natural fresh
waters are from 0.5 to 50 mg L' and provisional
maximum tolerable daily intake (PMTDI) of Fe is 0.8 mg
kg body weight. Zn concentrations in water samples are
also lower than the MPLs given by the WHO, EPA,
Turkish legislation and previous study [7, 35 - 37, 41]
(Table 5). The PMTDI of Zn proposed is 1 mg kg™ body
weight, but Zn level above 3 mg L' in drinking water
may not be acceptable to consumers. Concentrations of
Na found in thermal waters of Karakaya-Ayas, I¢mece-
Ayas and Haymana (Table 5) are lower than the MPLs
given in the WHO [7], European Community, Directive
98/83/EC [6] and the Turkish legislation [37], but Na
results in Beypazar and Kizilcahamam are higher than
those values given by the WHO and the Turkish
legislation. The range of K concentrations found in
samples is from 9.3 to 47 mg L. Some of the results are
higher than the MPL given in the Turkish Legislation
[37], but all results found in samples are lower than the
MPL given in the WHO [7] (Table 5). Concentrations of
Ca found in Karakaya-Ayas, Icmece-Ayas and Beypazari

thermal waters are higher than the MPLs given in the
WHO [7] and the Turkish Legislation [37] and they may
be depend on the geological features of rocks through
which the water passes. Concentrations of Mg found in
the thermal waters of Karakaya - Ayas and Igmece - Ayas
are higher than the MPLs given in the WHO [7] and
Turkish Legislation [37], but they are lower than the
provious study [41] (Table 5).

4. CONCLUSION

In this study, Ni+Ru+CA modifier mixture was proposed
for the determination of Cd and Pb in the thermal waters
having complex matrices by ETAAS. Major elements
(Fe, Zn, Na, K, Ca and Mg) in these waters have also
been determined by FAAS and FAAS with AEM. The
highest signal/noise ratios, better detection and
quantification limits, and characteristic masses of Cd and
Pb have been obtained by using Ni+Ru+CA. The
accuracy, the precision and the sensitivity of analytes
found are highly good for the determinations of Cd and
Pb in the thermal waters. It can be concluded that
Ni+Ru+CA modifier mixture may be used for the direct
determinations of Cd and Pb in such thermal water
samples in the future. Although the samples have highly
complex matrices and interferences, chemical pre-
treatment procedures such as solvent extraction and solid
phase extraction for the sample solutions are not
necessary for the determination of analytes. In this work,
results of some metals such as Fe, Na, Ca and Mg found
in sample solutions have exceeded the MPLs for drinking
waters given by the WHO and the Turkish Legislation
criteria. Concentrations of these elements may be
determined to control the metal contamination levels of
thermal water samples or to research the origin of
elements from underground in the future.
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