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Asimple and sensitive method is described for the determination of platinum surface contamination orig-
inating from cisplatin, carboplatin and oxaliplatin. Following extraction from swabs and preconcentration
with the cloud point extraction (CPE) method, detection was by graphite furnace atomic absorption
spectrometry (GFAAS). After desorption of platinum compounds from the swab, CPE involved on precon-
centration of platinum in aqueous solution with diethyldithiocarbamate (DDTC) as chelating agent and
Triton® X-114 as extraction medium. DDTC is not only a chelating agent, but may also be a good candidate

Key Words.: . for the inactivation of platinum compounds. DDTC is recommended by the Word Health Organization
Cloud point extraction . ) . . . .

Preconcentration (WHO) for the destruction of platinum-based anticancer drugs. The main factors affecting CPE efficiency,
Graphite furnace atomic absorption pH of the sample solution, concentrations of DDTC and Triton® X-114, equilibration temperature and
spectroscopy incubation time, were evaluated in order to enhance sensitivity of the method. The desorption of plat-
Platinum inum compounds from the swab was investigated in parallel. Since platinum is bound to DDTC, it must

Surface contamination exchange with copper in order to enhance platinum atomizing by GFAAS. A preconcentration factor of 29
was obtained for 10 mL of a platinum solution at 10 wg mL~'. In optimal conditions, the limit of detection
was 0.2 ng mL~', corresponding to 2.0 ng of platinum metal on the swab. Absorbance was linear between

0.7 and 15ngmL-'. The proposed method was applied for the determination of surface contamination

by platinum compounds with correct results.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

Cytotoxic drugs are widely used to treat cancer. Occupational
exposure to these drugs has been recognized as a potential health
hazard. Platinum compounds constitute a class of DNA-damaging
anticancer agents [1] and are widely used in cancer therapy. Cis-
platin, oxaliplatin and carboplatin are good tracers because these
three molecules account for more than 11.7% of all chemotherapy
agent vials used in Paris hospitals (Paris Public Hospital Authority
in-house report: Cytostatic drugs consumption in 2007).

In addition, platinum levels in the environmental are very low,
resulting only from catalytic converters in automobiles [2] and so
the metal can be used as tracer of contamination of the workplace or
packaging materials (vials and handling chemotherapeutic agents).
Contact of chemotherapeutic agents with skin of the hospital staff
is carcinogenic, mutagenic and/or teratogenic [3-6]. As a result
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of the permeability of gloves to cytotoxic agents, staff must fol-
low safety rules such as double gloving (nitrile gloves then natural
latex gloves) that are changed every 30 min during drug reconstitu-
tion [7]. In order to reduce risks, contamination must be monitored
and preparation procedures changed if necessary. Contamination
was detected inside the isolator used to prepare chemotherapeutic
agents. [t was detected on the surface of the infusion bag containing
the chemotherapeutic agents and on gloves in contact with infusion
bags filled with them [8].

This study was conducted to develop a simple and sensitive
analytical technique for the evaluation of surface contamination
by platinum compounds, the cytotoxic drug tracer. After sampling
with a swab and desorption of platinum compounds in aque-
ous solution, graphite furnace atomic absorption spectrometry
(GFAAS) is a suitable technique to determine platinum concentra-
tions. GFAAS is known to be a sensitive, specific, precise technique,
easily used in routine. Sample preconcentration is still required to
retain sensitivity, however, since GFAAS analysis of platinum con-
tamination involves trace quantities. The CPE method using Triton®
X-114 is used to preconcentrate metal cations such as chromium,
aluminum, copper, nickel or cobalt prior to atomic absorption spec-
trophotometry, flow injection analysis or high-performance liquid
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Fig. 1. Formulas of platinum salts: cisplatin (a), carboplatin (b) and oxaliplatin (c), DDTC (f) and complexes obtained in the presence of cisplatin and carboplatin (d) or of

oxaliplatin (e).

chromatography [9-13]. The small volume of surfactant-rich phase
obtained with this methodology enables extraction methods to be
designed that are simple, inexpensive, efficient, rapid, easy to use
and that do not require organic solvents for a green chemistry.
This technique is based on the property of most non-ionic surfac-
tants in aqueous solutions to form micelles following increase of
cloud point temperature [14,15]. During their formation, micelles
entrap hydrophobic substances, isolating them from the rest of the
aqueous solution.

In this work, we first studied the optimal desorption of platinum
compounds from swabs. Preconcentration of platinum compounds
with a CPE method based on complexing platinum compounds with
DDTC [16] (Fig. 1) and using Triton® X-114 as non-ionic surfactant,
was then investigated. The main factors affecting CPE efficiency
were studied. The remaining micellar phase was then diluted in
acid hydro-alcoholic solution containing copper as chemical matrix
modifier and was found be optimal for the analytes of this work.
The proposed method was applied to determining environmen-
tal contamination by platinum compounds (cisplatin, oxaliplatin,
carboplatin).

Table 1
GFAAS heating program.

2. Experimental
2.1. Instrumentation

The instrument used for atomic absorption measurements was
a Varian® SpectrAA GFAAS (Australia) graphic furnace AA spec-
trophotometer (model 220Z) with Zeeman background correction
and equipped with an adapted autosampler, an ultrAA® platinum
lamp and a pyrolytically coated graphite tube (Varian® partition
tubes (coated)-GTA, Part No. 63-100012-00). A platinum hollow-
cathode lamp was used as radiation source at 265.9 nm with a slit
width of 0.5nm. Lamp current was set at 10.0 mA. The volume
of automatic sample injection was 20 pL; the internal Argon 5.6
(Messer®) flow rate was 3L min~! and was stopped during atom-
izing. Details of the GFAAS heating program are listed in Table 1.

A Metrohm® 713 pH meter model (Metrohm, France) with a
combined electrode was used for pH measurements.

A thermostatted water bath (Polystat 33®, Bioblock Scientific
France) maintained at the desired temperature (45 4 1 °C) was used
for the cloud point experiments. A Jouan BR4i centrifuge (Thermo

Step Furnace temperature (°C) Ramp time (s) Hold time (s) Internal gas flow (Lmin—)

1 40 0.0 0.1 3 Drying

2 120 55.0 0.0 3

3 600 10.0 5.0 3

4 1300 5.0 5.0 3 Ashing

5 1300 0.0 0.5 0.0

6 2700 0.9 2.0 0.0 Atomizing
7 2850 1.0 0.0 3 Cleaning
8 40 22.0 0.0 3
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Electron Corporation, USA) was used to accelerate phase separa-
tion during cloud point extraction. A Branson S210 ultrasonic bath
(USA) and a Top-Mix vortex mixer (Bioblock Scientific, France)
were used for swab desorption. Dilutions were prepared using
a Gilson 402 dilutor dispenser (Gilson, USA). Fifteen millilitres
of (17mm x 120 mm) conical polystyrene Falcon tubes (Becton
Dickinson, USA) were used for samples and were preferred over
polypropylene tubes because of lower platinum adsorption. Auto-
clavable clean tip swabs with notched handle (TX715® Large
Alpha® Sampling Swab) were obtained from ITW Texwipe (USA).

2.2. Reagents and solutions

All reagents used were of analytical reagent grade or higher. The
ultrapure water used for all preparations was obtained from Milli
Qplus 185 with Qpack®2 (Millipore, USA). The non-ionic surfac-
tant Triton® X-114 and sodium diethyldithiocarbamate trihydrate
(DDTC) were obtained from Sigma-Aldrich (USA) and used without
further purification. Methanol GR for analysis was purchased from
Merck (Germany) and 65% ISO nitric acid for analysis was obtained
from Antibioticos s.p.a., a division of Carlo Erba® Reagenti (Italy).
Working standard solutions were obtained by suitably diluting
standard solutions. These standard solutions of platinum, cop-
per, mercury, iron, chromium, zinc, cobalt, lead, cadmium and
silver were CertiPUR® standard solutions (Merck, Germany). The
platinum compounds used in this work had an international mar-
keting authorization and were obtained from Merck (Germany) for
cisplatin, Faulding (Australia) for carboplatin and Sanofi-Aventis
(France) for oxaliplatin.

2.3. Procedures

2.3.1. Sample collection

The head paddle of the swab was moistened on one side with
200 pL of water. In general, sampling was performed by wiping a
defined surface area of 10cm x 10 cm. Surfaces for which it was
not possible to take a 10cm x 10 cm sample, however, the entire
surface of the object was sampled (individual drug vial, gloves).
All swab samples were collected with a uniform sampling proce-
dure by wiping in two different directions (horizontal and vertical).
Swabs were turned to wipe the surface with the same procedure.
After breaking the handle, the head paddle was placed in the conical
tube and 10 mL of pure water were add to the sample as desorp-
tion solvent. The tube was mixed on a vortex mixer for 30 s and the
swab was removed.

2.3.2. Platinum preconcentration by CPE

For CPE preconcentration, the entire aqueous solution (10 mL)
containing the analytes, 1% (w/v) DDTC and 0.21% (w/v) Triton® X-
114 were heated in a thermostatted water bath at 60 °C for 45 min.
Phase separation could be accelerated by centrifugation at 2205g
for 10 min at 25 +1°C and the mixture was then chilled in an ice-
bath for 15 min to increase viscosity of the surfactant-rich phase.
The supernatant was removed by simply inverting the tube for
3 min and the surfactant-rich phase was about 50 L.

2.3.3. Platinum analysis by GFAAS

300 pL water-methanol (80/20, v/v) containing 0.1 M HNO3 and
10mgL-1 of copper (II) were added to the surfactant-rich phase
to reduce its viscosity just before GFAAS. Twenty of the 350 L of
the diluted surfactant-rich phase were introduced by an automatic
sampler for GFAAS. Calibration was against platinum standards
subjected to the same CPE procedure and a blank undergoing the
same procedure was assayed in parallel to samples and calibration
solutions.

3. Results and discussion
3.1. Factors affecting sample collection

3.1.1. Surface sampling

According to the literature [17,18], a broad range solvent wiped
has been used to sample platinum compounds in the workplace.
In this work, three solvents were evaluated as wiping solutions
for stainless steel surfaces: purified water, 1% aqueous HNO3 and
10~4M aqueous HCI. Surfaces of 100cm? were spiked with cis-
platin, carboplatin and oxaliplatin and recoveries of the order of
60% were acceptable for the solvents. The acid solutions (HCl and
HNO3) were corrosive towards stainless steel and were not ster-
ile for use inside of the isolator; water was selected as the wipe.
Two hundred microlitres of water were added to one side of the
head paddle to clean the surface and the other side was used to dry
it. This technique leads to about 60% recovery for the three plat-
inum compounds. The advantage of this wipe solvent is that sterile
water is not corrosive and can be used for aseptic surface sampling
in isolators.

3.1.2. Desorption

An ultrasound bath is the usual method for desorption of plat-
inum compounds from the swab or wipes [18,19]. Sonication time
was initially optimized for carboplatin contamination. Swabs were
first sonicated for 15 min; providing recoveries of about 75%, but
longer sonication times surprisingly reduced apparent desorption.
A double desorption (5mL, two times 15 min) was tested but did
not significantly increase desorption results. One possible explana-
tion for this is adsorption of platinum compounds on the swab or
the conical tube. Adsorption was then determined in polypropy-
lene, polystyrene or glass tubes in the bath for 60 min; there was
practically no adsorption with glass (97% recovery) or polystyrene
tubes (96.3% recovery). Adsorption by swabs was then tested using
a carboplatin solution: recovery decreased (<70%) when the tubes
(glass or polystyrene) contained a swab. Thus, platinum compounds
adsorb to the swab during sonication, possibly on the polyester
head of the swab but more probably on the polypropylene handle.
Since ultrasonic desorption of swabs was insufficient, simple vor-
tex mixing was investigated. It was found that 30 s were required
for virtually total desorption of all of platinum compounds tested.
Desorption was >90% and platinum losses at this step are explained
primarily by the loss of aqueous solution on the swab head.

3.1.3. Sample storage before CPE

Three conditions of sample storage after surface sampling were
tested for cisplatin, carboplatin and oxaliplatin: (i) swabs were
kept in dry tubes, (ii) swabs were kept in water to recover sub-
stances wiped. In both cases, swabs were vortexed 30 s just before
CPE. Finally swabs were kept in water, vortexed for 30s, removed
immediately and the solutions were stored without the swab for 14
days at room temperature (21 +1°C). It was not possible to store
samples with swab because desorption was unacceptable after 1
day (recoveries <90%) and decreased rapidly with time. The most
effective storage of platinum compounds (recoveries >90%) was
obtained when the swab was removed rapidly (<6 h) and extracted
by CPE in less than 6 days; after 6 days, recoveries decreased.

3.2. Factors affecting CPE preconcentration

The technique is based on the property of most non-ionic surfac-
tants in aqueous solutions to form micelles. When the solutions are
then heated to a temperature known as the cloud point tempera-
ture, they separate into a small volume of surfactant-rich phase and
a dilute aqueous phase. CPE can be used for the preconcentration
of metal ions after the formation of sparingly water soluble com-
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Fig. 2. Effect of the Triton® X-114 concentration (% w/v) on the cloud point extrac-
tion of 10 wgL~! Pt (II) (n=3). Other conditions: 1% (w/v) DDTC, dilution of the
surfactant-rich phase by 300 wL water/methanol (80/20, v/v) containing 0.1 M HNO3
and 10mgL-! copper (II), GFAAS conditions as in Table 1.

plexes. The efficiency of CPE depends on the hydrophobicity of the
ligand and the complex formed, apparent equilibrium constants in
the micellar medium, kinetics of complex formation and transfer
between the two phases.

3.2.1. Effect of Triton® X-114 concentration

Triton® X-114 was chosen to form of the surfactant-rich phase
due to its extraction efficiency and enrichment factor [1,3]. In
addition, Triton® X-114 is inexpensive, non-toxic and has a low
cloud point temperature (22 °C). Triton® X-114 was preferred over
Triton® X-100 because the latter has a high cloud point temperature
(65°C) and the surfactant-rich phase was more difficult to isolate
because viscosity is lower than that of Triton® X-114. The Triton®
X-114 concentration could maximize extraction efficiency by min-
imizing the phase volume ratio thus maximizing its enrichment
factor. The effect of Triton® X-114 concentration was investigated
between 0.053 and 0.32% (w/v). Fig. 2 shows quantitative extraction
when the Triton® X-114 concentration was around 0.20% (w/v).
The concentration of 0.21% (w/v) was thus chosen as the optimum
surfactant concentration for obtaining the highest extraction effi-
ciency.

3.2.2. Effect of DDTC concentration

In this work, DDTC was used as chelating agent to detoxify
platinum-based compounds because of the highly hydrophobic
nature of its metal complexes. The effect of DDTC concentration
was tested between 0.005 and 2% (w/v) (Fig. 3). CPE efficiency for
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Fig. 3. Effect of DDTC concentration (%, w/v) on the cloud point extraction of
10 wg L1 Pt (I1) (n=1). Other conditions: 0.21% (w/v) Triton® X-114, dilution of the
surfactant-rich phase with 300 pL water/methanol (80/20, v/v) containing 0.1 M
HNOs; and 10mgL-! copper (II), GFAAS conditions as in Table 1.
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Fig. 4. Effect of pH on the cloud point extraction of 10 wgL~" Pt (II) (n=1). Other
conditions: 1% (w/v) DDTC, 0.21% (w/v) Triton® X-114, dilution of the surfactant-
rich phase with 300 wL water/methanol (80/20, v/v) containing 0.1 M HNO3 and
10mgL~! copper (1), GFAAS conditions as in Table 1.

Pt(II) increased rapidly as concentration increased to 0.2% (w/v) and
then remained constant as the DDTC concentration was increased
up to 0.75% (w/v). The DDTC concentration subsequently used was
1% (w/v).

3.2.3. Effect of pH on CPE

Since pH plays a unique role in metal chelate formation and sub-
sequent extraction [14], the pH of the sample solution was the next
critical factor examined for its effect on CPE preconcentration. The
pH range examined was 1-13. Maximal absorbance was obtained
in the pH range of 3.0-10.5 (Fig. 4). CPE extraction of metal ions
involves the prior formation of a complex with a sufficient quantity
of hydrophobic chelating agent to be extracted in the small volume
of surfactant-rich phase, thereby furnishing desired preconcentra-
tion. The pH of the solution was thus about 7.0, using ultrapure
water for all work.

3.2.4. Effects of equilibration temperature and incubation time

Platinum compounds must be heated for derivatizing DDTC to
detoxify them. Formation of the [Pt-DDTC;] complex minimizes
the toxicity of cisplatin, oxaliplatin and carboplatin. The tempera-
ture and duration of micelle-mediated extraction play two roles:
(i) derivatizing platinum compounds by DDTC and (ii) quantitative
extraction of [Pt-DDTC,] complexes by the micelle. It is therefore
essential to maintain the reaction time above a minimum thresh-
old for quantitative extraction. Optimal equilibration temperature
and incubation time are necessary to complete reactions, to obtain
phase separation easily and preconcentration as efficiently as pos-
sible. The effects of incubation times from 30 to 120 min and of
equilibration temperatures from 45 to 90°C were investigated
in order to optimize extraction. It was found that CPE efficiency
increased when equilibration temperature increased from 45 to
60°C, and reached a maximum between 60 and 90 °C for cisplatin
and carboplatin. At temperatures higher than 60 °C, CPE efficiency
decreased for oxaliplatin, probably due to the instability of the
specific complex formed with this drug and so the equilibration
temperature used was 60 °C. Studies of the effect of incubation time
showed that maximum extraction efficiency occurred after 45 min
for the three compounds and then remained practically constant
as incubation time increased further. An equilibration tempera-
ture of 60°C and a time of 45 min were adequate for quantitative
extraction and were used in subsequent experiments.
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3.3. Factors influencing GFAAS analysis

3.3.1. Dissolution of the surfactant-rich phase

In order to decrease the viscosity of the extract so it could be
pipetted, the surfactant-rich phase was diluted with 200-300 L
of 0.1 M HNOs in methanol [10-13,20]. The viscosity of Triton®
X-114 decreases in methanolic acid solutions, but evaporation of
these solutions was about 50% after 90 min at room temperature
(214 1°C). Other solvents were used to reduce viscosity and facil-
itate sample handling such as dimethylformanide [21], despite its
toxicity [22] and volatility. Triton® X-114 is soluble in aqueous
mineral acids, which is why an aqueous solution of 0.1 M HNO3
was studied for dissolving the extract. Evaporation was no longer a
problem but the RSD values were high (>10%) over time that can be
explained by the diphase separation of the sample. We thus used
water/methanol (80/20, v/v) acidified with 0.1 M HNOs3 to limit
evaporation (<5% after 150 min) and phase separation.

3.3.2. Metal-dithiocarbamate complex exchange

When the surfactant-rich phase was diluted with an acidified
aqueous or methanolic solution to determine the platinum con-
centration by GFAAS, platinum absorption was low compared to
platinum in aqueous solution. This is probably due to the high
stability of the [platinum-DDTC,] complex and the composition
of the matrix (DDTC, Triton® X-114). It was believed that the
[platinum-DDTC,] complex masked absorption because of the
high affinity of platinum for DDTC and thus interfered with the
atomizing of platinum. Metal ions can be used to displace the
[platinum-DDTC,] complex by exchange between the complex
and metal species.

Pt-DDTC, ——= 2DDTC+Pt
2DDTC+Cu ——= Cu-DDTC,

Pt-DDTC, +Cu —— Cu-DDTC, Pt

Published data on the extraction constants of metal
diethyldithiocarbamates [23] and the use of freshly precipi-
tated metal diethyldithiocarbamates [24] as reagents for the
selective extraction of different ions were useful for evaluating
higher conditional stability constant. Extraction constants of
metals with diethyldithiocarbamate have been reported [24] and
log Kex values are in the following order: Hg (44.4), Cu (26.1),
Ni (24.0), Pb (20.2), Cd (17.8), Co (14.7), Zn (15.4), Fe (13.4)
and Mn (8.0). Kex values include the stability constant of metal
dithiocarbamates and partition coefficients [23].

Metal ions, Cr, Fe, Zn, Co, Pb, Cd, Ag, Hg and Cu, were added
to the surfactant-rich phase containing the [platinum-DDTC,]
complex by diluting with 300 pL of a methanolic solution con-
taining 0.1M HNO3 and 10mgL-! of metal ions. In all cases,
platinum absorption increased and was highest with copper
(Cu>Ag>Cd>Pb>Co>Zn>Fe>Cr>Hg). This is practically the
same order as that published by Cesur [24] except for Hg. Cop-
per was thus used in subsequent work. The effect of the copper
(Cu?*) concentration in the dissolution solution was then inves-
tigated in the range of 0-100mgL-! (Fig. 5). Recovery increased
from 0.1 to 7.5mgL~! and then remained constant. A copper con-
centration of 10mgL-1 in the dissolution solution was chosen and
platinum absorption increased 4.7-fold in the presence of copper
compared to its absence.

3.4. Analytical figures of merit

Calibration graphs were obtained by preconcentrating 10 mL of
a sample containing known quantities of platinum, cisplatin, car-
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Fig.5. Effectof copper (I) concentration in the dissolution solvent on the absorption
of 10 pgL~! Pt (II) (n=3). Other conditions: 1% (w/v) DDTC, 0.21% (w/v) Triton® X-
114, dilution of the surfactant-rich phase with 300 wL water/methanol (80/20, v/v)
containing 0.1 M HNOs3, GFAAS conditions as in Table 1.

boplatin and oxaliplatin. In the experimental conditions used, there
was no difference in the slopes obtained with the three platinum
compounds and platinum. Known quantities of platinum were thus
used to determine the characteristics of the method. In optimal
experimental conditions, the calibration curve for platinum is lin-
ear from 0.7 to 15ngmL~! (slope=0.0111+0.0001; Y intercept
(2.6 £71.2) x 10~). The correlation coefficient (r) was higher than
0.9986 with a mean of 0.9991. The precision for six replicates of
2ngmL-! of platinum solutions were analyzed in three analyti-
cal runs. Within-run and between-run precisions were evaluated
using the relative standard deviation (RSD) and did not exceed 3.1%.
The limit of detection (LOD) of this method, calculated as 3 times
the standard deviation of the blank signal, was 0.2 ngmL~!, corre-
sponding to 2.0 ng of platinum on the swab. Statistical processing
of the raw data demonstrated the accuracy of the method. The main
recovery was 99.3% with a 95% confidence interval between 95.8
and 103.1%. The limit of quantification (LOQ) of this method, how-
ever, calculated as ten times the standard deviation of the blank
signal, as 0.6 ng mL~'. The enrichment factor, calculated as the ratio
of absorption of preconcentration sample over that obtained with-
out preconcentration was 29.

3.5. Analysis of samples

The analysis technique described enables about 50 samples to
be processed daily, compatible with the complete mapping of an
installation for the reconstitution of chemotherapy agents. The
method was applied to the determination of platinum contamina-
tion on different surfaces: stainless steel surfaces inside isolators,
floors, drug vials, drug storage boxes, transport boxes, gloves
(nitrile, vinyl, latex and neoprene) and infusion bags. Platinum
contamination was found in 63% of the swab samples (n=120).
Substantial levels of contamination were found inside the isolators
and on the outside of drug vials delivered to hospital pharmacies,
as previously reported [17,25].

3.6. Comparison of analysis techniques for the environmental
surveillance of hospital staff exposed to platinum salts

This comparison shows that inductively coupled plasma-mass
spectrometry (ICP-MS) is the technique of choice for the detec-
tion of traces as a result of its sensitivity. In addition, no sample
pretreatment is necessary aside from desorption from compresses.
On the other hand, the technique required specific costly equip-
ment (Table 2), explaining why alternative analysis techniques are
proposed in the literature. Stripping voltammetry is a widely used
method for the analysis of traces because it concentrates the ana-
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Table 2

Comparison of analysis techniques or the environment surveillance of hospital staff exposed to platinum salts.
Instrumentation Sample preparation Limit of detection Matrices (sampling) Ref.
ICP-MS Direct nebulization 1 ng per vial (0.05 pgL ') Drug vials (wipes) [17]
ICP-MS Direct nebulization 0.2ngm~2 0.1ng per glove Surfaces (wipes) [26]
ICP-MS Direct nebulization 0.05 ng per sample (0.5ngL-1) Surfaces (wipe) [18]
Stripping voltammetry Ashing in a muffle furnace + derivatization by 0.1 ng per sample Drug vials (wipe pads) [25]

hydrazine and formaldehyde

GF-AAS Derivatization by DDTC + LL extraction 0.5 ngL! Rinse water [27]
GF-AAS Evaporation (50 mL) 5ng per sample Surfaces (wipe) [19]
GF-AAS Derivatization by DDTC + cloud point 2ng per sample Surfaces (swab) In this work

extraction

lyte at the electrode. Stripping voltammetry nevertheless provides
access to free ions in solution or to ions bound to labile complexes.
It is thus necessary to digest samples of platinum derivatives (muf-
fle furnace), making the technique unsuitable for large series. The
limits of detection of GFAAS make it a technique more interesting
than flame atomic absorption spectrometry (FAAS) or inductively
coupled plasma-atomic emission spectrometry (ICP-AES), but its
performance falls short of ICP-MS. The sample must thus be concen-
trated before placing it in the furnace, also because a small sample
volume (<100 L) is required by the method. Two preconcentra-
tion techniques have been published: the first involves derivatizing
platinum salts before liquid-liquid extraction [27] and the second
is double evaporation of a large volume of aqueous solution in an
evaporator flask [19]. Both techniques are time-consuming and in
no case can be used for large series of analyses. The technique
we are proposing is an alternative to ICP-MS. Its advantage is a
lower limit of detection than other GFAAS techniques, with a more
rapid and easier to use preconcentration step. DDTC derivation and
preconcentration with the cloud point technique are conducted
simultaneously when heating at 60°C, since the surfactant-rich
phase is easily recovered after centrifugation.

4. Conclusion

We have developed and validated a sensitive and reliable GFAAS
method for the determination of platinum in samples of surfaces.
This method was applied to the evaluation of platinum contam-
ination in the preparation units of hospital pharmacies. In this
work, the use of a micelle system for preconcentration offers sev-
eral advantages including ease of use, rapidity, low cost, safety and
a good preconcentration factor (about 29 after dissolution of the
surfactant-rich phase) with high recoveries and good extraction
efficiency. The surfactant-rich phase can easily introduced in the
GFAAS graphite furnace after dilution, with limited evaporation and
release of platinum by DDTC decomplexing using copper as matrix
modifier.
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