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Abstract: In this study, the platinum (Pt) levels in environmental samples (soil, water, dust) collected from heavily trafficked streets
in the city center of Siirt were determined using ICP-MS (Inductively Coupled Plasma Mass Spectrometry). The results obtained were
compared with the platinum levels in environmental samples collected from rural areas. A total of 20 samples (10 soil and 10 dust)
were collected from streets with heavy traffic in the center of Siirt. These samples were digested using microwave-assisted digestion
and then analyzed for platinum content by ICP-MS. For determining platinum concentrations at very low levels in environmental
samples, ICP-OES (Inductively Coupled Plasma Optical Emission Spectroscopy) or GF-AAS (Graphite Furnace Atomic Absorption
Spectroscopy) could be used; however, prior enrichment is recommended in these cases due to the higher detection limits of these
instruments compared to ICP-MS. To facilitate enrichment, a SPE (Solid-Phase Extraction) method was studied. For this purpose, a
column was prepared using Amberlite XAD-4 as the adsorbent and the bacterium Aneurinibacillus thermoaerophilus VO-12 as a
biosorbent, which was then used for the pre-concentration of platinum from environmental samples. Optimization of certain parameters,
such as pH and flow rate, for the SPE process was carried out, and the most suitable conditions were identified. Platinum levels in
samples collected from both the city center and rural areas were determined using the developed method. The accuracy of the method
was validated by using the BCR-723 certified reference material.
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1. Introduction In addition to platinum, the PGEs (Platinum Group

Elements) include palladium (Pd), rhodium (Rh),

Platinum (Pt) is a rare, valuable, and chemically inert
metal, known for its remarkable resistance to corrosion,

high melting point, and exceptional catalytic properties.

Its importance spans across various industrial sectors,
including electronics, jewelry, and particularly in
automotive applications where it is used in catalytic
converters. Platinum’s ability to withstand harsh
environmental conditions while facilitating crucial
chemical reactions makes it indispensable in reducing
harmful emissions from vehicles, especially in converting
toxic gases such as carbon monoxide (CO), nitrogen
oxides (NOy), and hydrocarbons (HC) into less harmful
substances like carbon dioxide (CO2) and nitrogen

(N2) [1]
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osmium (Os), iridium (Ir), and ruthenium (Ru). These
metals share similar physical and chemical properties,
such as high catalytic efficiency, resistance to oxidation,
and stability at high temperatures [2]. Due to these
characteristics, PGEs are widely utilized in various
industrial applications, but their use in catalytic
converters is perhaps the most critical in terms of
environmental impact. Since their introduction in the
1970s, catalytic converters have significantly reduced
vehicle emissions worldwide. However, the use of
PGEs in these converters has led to their gradual
accumulation in the environment, particularly in areas
with high traffic density [3, 4]. Despite the benefits of
using PGEs in reducing air pollution, their release into
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the environment, particularly from vehicle exhaust systems,
has raised concerns over long-term environmental and
health impacts. PGEs are emitted as fine particles and
can accumulate in roadside soils, plants, and sediments.
They can also enter aquatic systems via runoff,
potentially infiltrating the food chain [5, 6]. Although
PGEs in their metallic form are generally considered
biologically inert, their soluble compounds, especially
chloride-containing ones, can be cytotoxic and
allergenic, posing risks to human health. Platinum, in
particular, has been linked to conditions such as asthma,
dermatitis, and reproductive issues such as spontaneous
abortion [7]. Given the increasing concentrations of
PGEs in urban environments, particularly in high-
traffic areas, there is growing concern about their
environmental persistence and bioavailability. The
accurate determination of trace amounts of these
elements in environmental samples, such as soil,
sediment, and water, is crucial for monitoring their
environmental impact and for assessing potential risks
to human health. PGEs, which include platinum (Pt),
palladium (Pd), rhodium (Rh), osmium (Os), iridium
(Ir), and ruthenium (Ru), are highly valued due to their
unique chemical and physical properties, such as
resistance to corrosion, high melting and boiling points,
and superior catalytic performance [1, 2]. These
characteristics have led to their extensive use in
industrial applications, particularly in catalytic
converters, where they play a critical role in reducing
harmful emissions from vehicle exhausts [3, 4].
Catalytic converters, first introduced in the mid-
1970s in the USA, and later in Germany and the EU,
were developed to decrease the emission of hazardous
gases such as nitrogen oxides (NOx), carbon monoxide
(CO), and hydrocarbons (HC) by converting them into
less harmful substances like nitrogen (N.), carbon
dioxide (COy), and water vapor (H20) [3]. However, as
the number of vehicles equipped with these catalytic
converters has grown, so too has the unintended release
of PGEs into the environment. Vehicle exhausts have
become a significant source of PGE contamination in

urban areas, where high traffic density accelerates their
emission into the atmosphere [5]. Once released, PGEs
can settle into road dust, soil, and water bodies, where
they accumulate and pose potential environmental and
health risks. Platinum and other PGEs have been
detected in airborne particulate matter, roadside soils,
and vegetation, indicating that these metals can become
bioavailable and enter the food chain [8-10]. Notably,
platinum in its metallic form is considered relatively
inert; however, its soluble compounds, especially those
containing chloride, are known to be cytotoxic and
allergenic, posing serious health risks such as asthma,
dermatitis, and reproductive issues, including increased
rates of spontaneous abortion [7].

The growing concern over the environmental and
human health risks associated with long-term exposure
to PGEs necessitates accurate and reliable methods for
their detection and quantification in environmental
matrices. This is particularly challenging due to the
extremely low concentrations of PGEs in soils,
sediments, and water, combined with the complex
nature of these matrices. ICP-MS (Inductively Coupled
Plasma Mass Spectrometry) has emerged as one of the
most effective techniques for trace-level detection of
PGEs, due to its high sensitivity and multi-element
capability [11-13]. However, ICP-MS is often hindered
by spectral and non-spectral interferences, especially
when analyzing complex environmental samples, such
as seawater and road dust, where monoatomic and
polyatomic ions from the matrix can overlap with the
signals of interest [14, 15]. To overcome these
challenges, various pre-treatment techniques have been
developed, with SPE (Solid-Phase Extraction) being
among the most effective for isolating and
concentrating PGEs prior to ICP-MS analysis [12, 14,
16]. SPE involves the use of sorbents such as Amberlite
XAD-16, Dowex resins, and modified silica gels,
which have been shown to effectively separate and pre-
concentrate PGEs from environmental samples [17, 18].

Additionally, advancements in ICP-MS technology,
such as the DRC (Dynamic Reaction Cell), have further
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enhanced the accuracy of PGE determination by
minimizing spectral interferences during analysis [19].
This study aims to develop and optimize a reliable
method for the simultaneous determination of
platinum in environmental samples using an automated
flow analysis system coupled with ICP-MS. The
method utilizes an on-line pre-concentration technique
based on a chelating resin, which selectively retains
PGEs, followed by elution with a nitric acid-thiourea
solution. This approach ensures effective separation
and concentration of PGEs from complex
environmental matrices, enabling precise and sensitive
detection of these elements in road dust, water, and
biological samples. The accuracy of the method will be
validated using CRMs (Certified Reference Materials),
and its application will be demonstrated on environmental
samples collected from various locations.

2. Experimental
2.1 Instruments

Platinum levels in the collected samples were
determined using a Thermo Scientific iCAP Q ICP-MS.
The ICP-MS operational conditions are provided in

Table 1 ICP-MS operating conditions.

Table 1. Sample digestion was performed using a
Berghof Microwave Digestion System, with Teflon
vessels (100 mL volume) that can withstand up to 60
bar pressure and 250 <C temperature. The digestion
parameters are listed in Table 2.

2.2 Reagents

For calibration, a 1,000 mg/L platinum standard stock
solution (Merck) was used. Chemicals for the digestion
process included concentrated nitric acid (HNOs, 65%,
Merck, Germany), hydrogen peroxide (H202, 30%, J.T.
Baker), hydrochloric acid (HCI, 37%, Merck), and
hydrofluoric acid (HF, 40%, Merck). CRMs used in the
study were NIST SRM 2557 (Recycled monolith
autocatalyst) and BCR-723 (road dust) [4, 20].

2.3 Sample Collection

Soil, roadside dust, and plant samples were collected
from high-traffic areas in Siirt city center. As a control,
plant samples were also collected from rural areas with
minimal vehicular activity. Plant samples were dried at
36 T, weighed, and ground into powder before undergoing
the digestion process. Roadside dust samples were
dried at 105 <C, ground, and homogenized before

Instrument Thermo Scientific and ICAP Q

RF power (W) 0.95

Nebulizer gas flow (L/min) 1.12

Auxiliary gas flow (L/min) 0.80

Cooling gas flow (L/min) 14.00

Acquisition mode Peak jumping, simultaneous pulse count/analog detector system
Dwell time/isotope 30 ms for 195pt

Channels per mass 3 for 195p¢

Number of repetitions 3

Table 2 Microwave digestion conditions for Programs A and B.

Program A Step 1 Step 2 Step 3 Step 4
Temperature (<C) 100 160 180 100
Time (min) 10 10 10 10
Ramp time (min) 5 3 3 3
Program B Step 1 Step 2 Step 3 Step 4
Temperature (C) 100 170 180 100
Time (min) 3 5 5 3
Ramp time (min) 3 2 2 3




258 Determination of Platinum Levels in Environmental Samples by ICP-MS and
Optimization Conditions for Preconcentration

digestion. Platinum levels in all samples were then
determined using ICP-MS. The same digestion process
applied to the roadside dust samples was also used for
the CRMs BCR-723 and NIST SRM 2557 [5, 8].

2.4 Preparation of Biosorbent for SPE

The biosorbent was prepared using Aneurinibacillus
thermoaerophilus VO-12, which was isolated from the
Billoris Hot Springs in Siirt. After drying and grinding
250 mg of dead bacterial biomass, it was mixed with
750 mg of Amberlite XAD-4 resin and 10 mL of
deionized water. The mixture was stirred using a heated
magnetic stirrer until homogeneity was achieved. The
material was then packed into a polypropylene column
(1.0 cm = 10.0 cm), and used for SPE. A 50.0 ug/L
platinum solution was prepared, adjusted to the desired
pH, and passed through the column using a peristaltic
pump at an optimal flow rate. After the solution had
passed through, the retained platinum was eluted using
1.0 M HCI and analyzed via ICP-OES [9, 17].

2.5 Microwave Digestion Procedure for Samples and
CRMs

For plant samples, 500 mg of sample and 50 mg of
the 2,557 SRM were placed in Teflon digestion vessels.
To each vessel, 5 mL of concentrated HNOz and 3 mL
of H,O, were added, and digestion was performed
using Program A conditions listed in Table 2. Once the
digestion was complete, the vessels were cooled to
room temperature, and 0.2 mL of HF and 4 mL of HCI
were added, followed by Program B. After digestion,
the samples were transferred to 50 mL Falcon tubes and

diluted with deionized water to a final volume of 50 mL.

For roadside dust and soil samples, approximately 1 g
of each sample was digested using the same Programs
A and B. After digestion, the samples were evaporated
to dryness and treated with 3 mL of concentrated HCI.
This heating process was repeated twice. Finally, 25
mL of 0.25 M HCI was added, and the samples were
filtered through membrane filters, then diluted to 50
mL and stored for ICP-MS analysis. The same

digestion procedure was applied to the CRMs BCR-723
[14, 20].

3. Results and Discussion
3.1 Optimization for SPE

3.1.1 Effect of pH

The effect of different pH values (2.0-8.0) on the
biosorption of metals by immobilized Aneurinibacillus
thermoaerophilus VO-12 is shown in Fig. 1. According
to Fig. 1, the optimum biosorption pH value for
platinum was found to be 3. It has been reported that
pH is a crucial factor in biosorption efficiency for
various microorganisms. In  metal-microorganism
interactions, the pH of the medium is a significant
parameter in biosorption processes because it affects
the form of the metal and the functional groups on the
cell surface that have an affinity for metals, as well as
the negative network of the cell wall chemistry. The
pH-dependent metal uptake is related to the
competition between protons and metal cations at the
surface of the biosorption medium. As a result of these
different chemical interactionsns between the metal
and the cell surface, the retention capacity for metal
ions can vary across different pH levels. The
relationship between metal uptake and pH depends on
the functional groups present on the bacterial cell wall.
pH is the most critical parameter affecting the
biosorption of metal ions onto the surface of
microorganisms.
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Fig.1 Effectof different pH values on platinum biosorption.
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3.1.2 Effect of Flow Rate

The flow rate of metal solutions through the column
is one of the important parameters in SPE studies, as it
is crucial for the recovery of analytes and time
management. The effect of flow rate on the biosorption
of platinum was studied at flow rates between 1.0 and
5.0 mL/min. The experimental results are presented in
Fig. 2. According to these results, the recovery for
platinum was found to be over 95% at a flow rate of 1.0
mL/min, whichwas selected as the optimal flow rate for
subsequent studies.

3.2 Accuracy of the Digestion System with SRM 2557
and BCR 723

The results of the platinum determinations by 1CP-
MS in the solutions obtained after microwave-assisted
digestion of the SRM materials used for method
validation are given in Table 3. The data indicate that
there was no loss of material from the microwave
digestion system, and platinum was recovered from the
SRM materials with high efficiency. The digestion
system was found to be accurate and reliable.

3.3 Platinum Levels in Plant Samples

The results of the platinum analyses performed by

Table 3 Platinum recoveries from SRM 2557 and BCR-723.

ICP-MS on plant samples collected after microwave
digestion are presented in Table 4. It was observed
that platinum levels in the plant samples decreased as
the distance from the city center increased, and that
platinum levels in the samples collected from areas
with high traffic density in the city center were
elevated.

3.4 Platinum Levels in Roadside Dust Samples

The platinum levels in roadside dust samples are
presented in Table 5. It was observed that platinum
levels in the dust samples collected from roadsides with
heavy traffic were higher compared to other samples
(plants, soil).
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Fig. 2 Effect of flow rate on platinum biosorbent.

Sample Element Certified amount (g/kg) Measured (g/kg)
BCR-723 195pt 81.3+3.3 83.1+34
SRM 2557 195pt 1,131 +16 1,139 45

Table 4 Platinum levels in plant and soil samples collected from rural and urban areas.

Sample Element Measured (g/kg)

Rural soil 195pt 0.93 +0.02 to 0.36 £0.007
Rural plant 195pt 1.50 +0.04 to 3.25 +0.09
Urban soil 195pt 7.50 +0.30 to 10.25 +0.42
Urban plant 195pt 15.40 +0.62 to 32.25 +1.10

Table 5 Platinum levels in roadside dust samples.

Sample Element

Measured (g/kg)

Roadside dust 195pt

45.50 £2.70 to 65.80 +4.50
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4. Conclusion and Recommendations

The method for the determination of platinum by
ICP-MS, following microwave-assisted digestion of
samples, was found to be a suitable method for
detecting platinum in very low concentrations (ug/kg)
from different sources (plants, dust, soil). Signal ratio
measurements were performed to eliminate interference
in ICP-MS analyses, and these interferences were
successfully mitigated. The accuracy and precision of
the microwave digestion procedures and ICP-MS and
optimization conditions for preconcentration interference
elimination techniques were tested with certified
standards (SRM 2557 and BCR-723), and the results
demonstrated the reliability of these methods. For the
determination of trace platinum in environmental
samples, if ICP-OES or GF-AAS are to be used, a pre-
concentration step should be applied after digestion,
due to the higher detection limits of these instruments
compared to ICP-MS. In this study, SPE was employed
as the pre-concentration method, with Aneurinibacillus
thermoaerophilus VO-12 bacteria immobilized on
Amberlite XAD-4 resin being used as the biosorbent in
a column for platinum pre-concentration from
environmental samples. Specific parameters such as pH
and flow rate were optimized for the SPE method.
Further studies could focus on the optimization of other
parameters such as eluent volume and type, column
packing material quantity, and column life for platinum
analyses. The platinum levels in plant samples
collected from rural areas were significantly lower than

those in samples collected from high-traffic urban areas.

These findings suggest that the primary source of
platinum pollution is the release of platinum from
catalytic converters in exhaust gases, as indicated in
previous studies [20]. The platinum levels observed in
the roadside dust samples collected in the city of Siirt
were found to be lower than those detected in urban
areas in European Union countries [20]. This result is
expected, as the traffic density in Siirt is lower than that
in European cities. Since platinum levels in roadside

dust samples from any city in Turkey have not been
previously studied, comparisons were made with
European Union countries. Further studies in
metropolitan cities of Turkey would be beneficial for
assessing the level and control of platinum pollution.
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