
Polish J. of Environ. Stud. Vol. 16, No. 3 (2007), 

Introduction

Platinum group elements (PGE) include metals such 
as platinum (Pt), palladium (Pd), rhodium (rh), ruthe-
nium (ru), iridium (ir) and osmium (os). These elements 
are present in environmental samples (e.g. soil, road dust, 
airborne particulate matter, water, benthic sediments 
and biota) at very low concentrations. however, due to 
the intensified development in specific sectors of human 
activities an increasing trend in those concentrations has 
been observed. The main emission source of PGE into 

the environment, except for the emissions of geogenic and 
cosmic origin, are human activities [1].

By far the greatest usage of PGMs (platinum group met-
als) both in Europe and worldwide is in vehicle catalysts, 
with additional major applications in the chemical industry, 
electrical and electronics industries, petroleum industry, the 
manufacture of jewellery, as a cancer-treating drug in medi-
cine, as alloys in dentistry and in the glass industry. The 
data on the consumption of Pges are shown in Fig. 1.

Automobile catalysts are both major and mobile 
source of PGEs. Due to the wear of catalytic converters in 
motor vehicles such elements as Pt, Pd and Rh bound to 
the carrier molecules penetrate into the environment [3] 
(see Fig. 2). Depending on the operating conditions and 
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the age of the converter, mean platinum emissions range 
from 7 to 123 ng m-3, corresponding to emission factors 
between 9 and 124 ng km –1 [4].

hospital effluents containing Pt drugs also are an im-
portant source for the emission of Pt into wastewater and 
sewage sludge. It was reported that total platinum emis-
sions into the public sewage systems via hospitals were 
approx. 14.3 kg of Pt in 1996 in germany, which corre-
sponds to approx. 187.2 kg of total Pt from cars [5].

The actual amount of PGEs released into the environ-
ment by catalysts can be directly evaluated by determin-
ing their content in car exhaust fumes or by quantifying 
the anthropogenic PGE in environmental materials such 
as soil, airborne particles, sludge, water, road dust, etc. 
and modeling these data together with traffic statistics. 

Table 1 shows the results obtained by authors following 
these two strategies.

until recently, studies on background concentrations 
of platinum group elements in the environment were 
mainly based on the determinations of Pt levels, later to 
be followed with Pd and Rh concentration measurements. 
In the cases of Ir, Ru and os, only very scarce data are 
available. This is mainly due to the fact that the available 
analytical techniques and methodologies are also limited. 
Determination of ru and os is particularly difficult be-
cause both elements form volatile oxides [14]. Thus this is 
the additional reason that explains the scarcity of data on 
the content of these elements in environmental samples.

Investigating PGE content in environmental samples 
poses a big challenge because of the following:

Fig. 1. world consumption of Pges [103 oz] in 2005 and 2006 [2].
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 –  very low concentration levels of analytes
 –  difficulties with quantitative dissolution of samples
 –  lack of proper reference materials
 –  unsatisfactory metrological characteristics of the ana-

lytical techniques used in the final determination step.
Because of the above-mentioned reasons it is neces-

sary to introduce additional steps into the specific analyti-
cal procedures in order to obtain reliable analytical results 
of good quality.

Analytical Procedures for Platinum Group 
Elements Present in Environmental and 

Biological Samples

As mentioned before, the precise determination of low 
levels of PGE in environmental samples is possible only 
when instrumental techniques characterized by low limits 
of quantification (LOQ) are employed. Proper sampling 
and sample pretreatment techniques are a must if sample 
contamination or the loss of analytes is to be avoided. The 
following types of environmental samples analyzed for 
PGE content have been described in literature:
 –  road dust
 –  airborne particulate matter
 –  soil and benthic sediments
 –  water
 –  wastewater
 –  biological samples.

In further parts of this publication the literature data 
on basic problems experienced during dissolving, enrich-
ing and determining the PGE analytes in the above-men-
tioned types of samples have been presented.

Sampling, Storage and Preservation of Samples for 
Analysis

Road Dust

road dust is becoming a significant factor in evaluat-
ing environmental conditions, particularly in metropolitan 

areas. its main components are [15]:
 –  soil
 –  soot
 –  airborne particulate matter
 –  organic matter originating from local vegetation
 –  pollutants from road transport
 –  salt,
 –  gravel,
 –  debris from road accidents
 –  components of road pavement
 –  garbage and animal remains

Road dust samples could be collected by hand brush-
ing with a nylon brush and plastic collection pan directly 
from the road surface. Each brush and pan should be con-
sidered disposable and used only once. The samples were 
collected using latex gloves and were stored/transported 
in plastic sample bags [16]. Dust can also be collected 
by means of commercially available vacuum samplers 
equipped with cellulose filters [17]. The size of a repre-
sentative dust sample for the analysis of PGE content has 
to be precisely determined; usually, it depends on the par-
ticle size distribution of a given dust. In case of particles 
< 90 µm (after grinding), samples of about 0.1 g are col-
lected in order to obtain good repeatability of measure-
ments [9, 10, 16].

Airborne Particulate matter

Before introduction of automobile catalysts, Pt was 
not detected in air samples in the usA and europe [11]. 
The study of Pt concentrations in airborne particulate 
matter (Pm) in germany shows that there was a 46-fold 
increase in Pt concentrations from 1988 to 1999 [18]. 
in the framework of a multi-tasked project on the risk 
posed by the emission of PGE from car catalytic con-
verters, systematic campaigns for PGE monitoring in air 
were performed from 1998 to 2000 in selected european 
countries [19]. Determination of PGE in atmospheric 
aerosols is particularly important in relation to human 
health because molecules of these metals can penetrate 
the human body via the respiratory tract (fraction <10 
µm). Aerosols that originate in the surrounding air main-
ly consist of [22]:
 –  inorganic ions (e.g. ammonium, chloride, carbonate, 

nitrate and sulfate ions; 43%)
 –  organic compounds (19%)
 –  water (19%)
 –  soot (15%)
 –  various compounds containing metal ions (4%).

The simplest way to sample airborne particulate mat-
ter for PGE analysis is to pump a known volume of air 
(10-80 m3) through a filter for 24 to 72 hours. in most 
studies airborne particles were collected by means of a 
sampler equipped with a rotary pump (operational pa-
rameters: from 1 m3/h to 1800 m3/h, 24/48 h) and 0.8 µm 
cellulose filter [11, 17, 21, 22]. Determinations of PGE 
in samples with known particle size distribution can be 
conducted by means of a compactor (cascade or regular 

Fig. 2. cross section of a typical vehicle exhaust catalyst, in-
cluding the single channel of a monolith [6].
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Table 1. The amount of Pge in environmental matrices exposed to vehicular traffic

Sample 
type Sampling site Analytes

examples of concentration 
levels in environmental 

samples
unit

Average Daily 
Traffic/

experiments 
parameters

Literature cited

1 2 3 4 5 6 7

SoIL

knittelfeld, 
Austria

Pt
Pd
Rh
Ru
os
Ir

1.13-32.4
0.90-6.77
0.17-3.11
0.12-5.77
0.08-2.36
0.09-0.89

ng/g 20 182

[7]rankweil, 
Austria

Pt
Pd
Rh
Ru
os
Ir

2.89-134
0.79-24.5
0.40-13.2
0.01-0.89
0.03-0.25
0.04-0.15

ng/g 22 072

Südost-Tan-
gente, Austria

Pt
Pd
Rh
Ru
os
Ir

2.01-38.9
0.86-6.41
0.15-3.39
0.07-0.55
0.04-0.08
0.09-0.24

ng/g 56 679

between São 
Paulo and jun-

diaí, Brazil

Pt
Pd
Rh

0.31-17.4
1.1-58

0.07-8.2
ng/g 30 000 [8]

Perth, Australia

Pt
Pd
Rh

30.96 ± 2.13
13.79 ± 0.74
3.47 ± 0.07

ng/g

30 500

[16]

Pt
Pd
Rh

68.65 ± 1.20
69.43 ± 3.85
14.54 ± 1.40

41 100

Pt
Pd
Rh

153.20 ± 0.01
100.06 ± 4.77
26.55 ± 0.83

29 500

Pt
Pd
Rh

130.65 ± 4.79
91.36 ± 6.04
25.18 ± 4.19

100 000

Pt
Pd
Rh

107.49 ± 9.53
108.45 ±1.60
12.47 ± 0.05

80 000

RoAD 
DuST

białystok, 
Poland

Pt
Pd
Rh

34.2 – 110.9
32.8 – 42.2
6.0 – 19.7

ng/g 30 000 [10]

Perth, Australia

Pt
Pd
Rh

53.84 ± 0.88
58.15 ± 1.20
8.78 ± 0.83

ng/g

30 50

[16]

Pt
Pd
Rh

161.24 ± 33.47
132.72 ± 12.10
31.47 ± 7.68

41 100

Pt
Pd
Rh

123.64 ± 2.46
168.48 ± 17.17
24.48 ± 1.20

25 200

Pt
Pd
Rh

229.60 ± 9.48
150.10 ± 9.53
45.10 ± 1.20

51 000

Pt
Pd
Rh

224.42 ± 14.27
293.53 ±3.30
42.72 ±1.80

35 500



Platinum Group... 333

1 2 3 4 5 6 7

RoAD 
DuST

Perth, Australia

Pt
Pd
Rh

261.68 ± 6.78
224.33 ±14.05
56.03 ± 5.77

ng/g 29 500

[16]

Pt
Pd
Rh

181.26 ± 31.30
211.74 ± 1.88
44.98 ± 5.03

ng/g 12 000

Pt
Pd
Rh

419.41 ± 25.06
440.46 ± 43.01
91.40 ± 7.86

ng/g 55 000

Pt
Pd
Rh

141.55 ± 28.31
114.45 ± 23.33
22.48 ± 0.37

ng/g 22 500

London
orbital motor-

way
Pt 101.6-764.2 ng/g 85 000 – 145 

000 [10]

TuNNel 
DuST

białystok, 
Poland

Pt
Pd
Rh

4.17 – 23.3
3.10 – 23.9
6.76 ± 1.28

ng/g 28 000 [9]

GRASS białystok, 
Poland

Pt
Pd
Rh

8.27 ± 8.98
3.2 ± 0.23
0.63 – 0.68 

ng/g 20 600 [9]

AIR-
borNe 
PARTIC-
uLATE 

mATTer

mong kok, 
China Pt 14-38 pg/m3 40 000 [11]

Small village
40 km north of 

Rome, Italy

Pt
Rh

< 0.5
< 0.5 – 0.7 pg/m3 100

[12]

Rome, Italy

Pt
Rh

2.8 – 40.4
1.6 – 9.4 pg/m3 30 000 – 40 000

Pt
Rh

10.0 – 28.6
2.4 – 5.8 pg/m3 30 000

Pt
Rh

9.0 – 60.1
1.2 – 8.2 pg/m3 40 000 – 50 000

Pt
Rh

2.4 – 18.8
0.8 – 6.8 pg/m3 20 000

Pt
Rh

3.4 – 35.8
1.6 – 8.8 pg/m3 40 000 –50 000

Pt
Rh

7.8 – 52.0
1.8 – 8.5 pg/m3 100 000

EX-
hAusT 
Fumes

- Pt
Pd
Rh

0.12 – 12.80
0.30 – 5.20
0.23 – 1.5

μg/l

fraction > 0.45 
μm

aged catalyst 
(Pt/Pd/rh)

[13]

-
Pt
Pd
Rh

1.28 – 62.2
1.5 – 21.8
0.7 – 12.4 μg/l

fraction > 0.45 
μm

fresh catalysts 
(Pt/Pd/rh)

-
Pt
Pd
Rh

0.14 – 6.85
0.20 – 4.90
0.04 – 2.01

μg/l

fraction > 0.45 
μm

fresh catalysts 
(Pd/rh)

-
Pt
Pd
Rh

0.11 – 36.2
0.013 – 2.8
0.032 – 5.36

μg/l

fraction > 0.45 
μm

fresh catalysts 
(Pt)

- Pt
3 – 135
4 – 203
3 – 33

ng/m3

new catalysts
medium age 

catalysts
old age catalysts

[4]

Table 1. continued
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type) [11]. in workplaces passive dosimetry can also be 
used.

Soil and Benthic Sediments

samples of soil and benthic sediments (including waste-
water sediments) have a complex composition that can be 
compared to the matrix of road dust [23]. generally PGM 
show little mobility in soils under natural conditions. how-
ever, evidence suggests that certain PGE-species bound to 
soil particles could be remobilized and thus enter the food 
chain through uptake by plants [7, 24]. results of the large 
amount of investigations confirmed significant accumula-
tions of Pt, Pd and Rh and showed characteristic distribution 
patterns. concentrations decreased to natural background 
levels within a few meters from the edge of the traffic lane 
and within a few centimeters from the soil surface [7]. Fur-
thermore, the examination of relationships between PGE and 
traffic density, vehicle speed and concentrations of common 
vehicle-derived contaminants (eg. Pb, cd, zn) accumulated 
in roadside soils shows strong correlations [25]. soil samples 
for determination of platinum group elements are collected 
from various depths ranging from 0 to 5 cm [26, 27]. sam-
ples are taken at different depths to obtain information about 
mobility of these elements.

The PGE are emitted in a particulate form [28], the 
first sink after entering an aquatic biotope is the sediment, 
where these metals accumulate [29, 30]. Depending on 
the scope of a study various equipment is employed, rang-
ing from the simplest dredges that scrape sediment from 
the bottom (resulting samples have the changed internal 
structure) to specialized samplers with a complex techni-
cal design. [31]. mcconnell presents the collection proce-
dure, which involves landing a float-equipped helicopter 
on the lake surface and dropping a weighted tubular sam-
pler fitted with a nylon rope for retrieval. A butterfly valve 
in the bottom of the tube opens upon impact with the sedi-
ment and closes upon retrieval, trapping the contained 
sediment [32]. The parameters such as sediment color 
and composition, ph value, redox potential, conductivity 
and the color of water overlaying the sediment have to be 
considered in the sampling procedure [30, 32]. samples 
of soil and sediments for PGE determinations are usually 
stored in polyethylene (PE) or Teflon (polytetrafluoroeth-
ylene, PTFE) containers.

Water Samples

In order to determine the content of platinum group 
elements in water it is necessary to obtain samples rang-
ing from a couple to tens of milliliters; the sample vol-
ume depends on the scope of analysis. Samples should 
be collected into completely tight containers that had 
been previously cleaned by soaking in 0.1 m hydrochlo-
ric acid and washed with deionized water. It is critical 
to avoid trapping air bubbles; otherwise, some analytes 
may diffuse into the gaseous phase [31] (e.g. Ru and 
os compounds). To collect water samples at a certain 

depth samplers operated by remote control and attached 
to a wire marked at specified length intervals are used 
[31]. water samples are usually filtered through a mem-
brane of 0.45 µm pore size, acidified to 0.1% (v/v) with 
concentrated acid and stored frozen until analysis [33]. 
Samples should also be analyzed not later than a couple 
of days after their collection [34]. This is critical because 
of the possibility of adsorption of metals on the walls of 
glass and polyethylene sampling containers, which may 
lead to the loss of analytes.

Biological Samples

Determination of Pt concentrations in biological sam-
ples such as saliva, urine, blood and tissues allows the 
estimation of exposure to PGE. Collecting urine samples 
is rather easy, although even such a simple procedure re-
quires that rules be followed, as specified below [4]:
 –  persons from whom samples are collected should obey 

the rules of personal hygiene
 –  sampling time should be thoroughly considered as to 

be representative of a certain exposure time; therefore 
a 24-hour sampling cycle has been recommended

 –  it is advised to store each sample in polyethylene con-
tainers, which should first be decontaminated over-
night with 10% hNo3, then rinsed several times with 
high purity deionised water [35]

 –  possible sample contamination should be particularly 
avoided; this problem is critical in cases of platinum 
determinations in persons not exposed to this metal

 –  samples should be stored frozen.
blood samples could be collected after 2–10 h of infu-

sion of cisplatin, with a hypodermic syringe by vein punc-
ture and kept at -4°c before analysis [36]. samples of veg-
etation for PGE analysis should be collected with the use 
of ceramic tools, i.e. forceps and scissors. The samples of 
tissues could be taken with the aid of stainless steel scissors 
and forceps which had been previously cleaned with 1% 
ammonium-eDTA-solution and bi-distilled water [37].

Sample Preparation for Analysis

The final determinations of Platinum group elements 
by employing specific analytical techniques can be con-
ducted after proper sample preparation, that is:
 –  sample mineralization
 –  extraction and enrichment (preconcentration) of ana-

lytes.

Acidic mineralization

Digestion of solid samples is the first step in the prepa-
rations preceding the final measurements. moreover, in 
case of voltammetry, the liquid sample should be decom-
posed (e.g. by acidic dissolution) in order to minimize 
carbon content. Acidic decomposition might also be re-
quired before certain types of enrichment procedures. 
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Acidic mineralization can be performed in Teflon or 
quartz dishes because both these materials are resistant 
to high pressure and temperature. Wall memory effect in 
the mineralization dish is a critical problem. Quartz dishes 
are characterized by the low wall memory effect [38] as 
compared to those made of Teflon; Teflon dishes can be 
used for samples containing similar amounts of PGE. In 
all cases, it is necessary to include a sample blank [4].

high-pressure decomposition systems and microwave 
heating are incorporated in digestion procedures. The use 
of high-pressure systems and microwave heating signifi-
cantly accelerates the decomposition of the samples and 
leaching analytes [39].

The following rules should be followed during the dis-
solution stage [14]:
 a) the choice of digesting mix should be suitable for the 

further steps of analysis because, among other things, 
some elements of the analytical equipment might be 
prone to reacting with the mix components, such as 
ingredients of aqua regia or hydrofluoric acid;

 b) the composition of dissolving mix should be established 
for each of the analyzed Platinum group metals;

 c) mineralization should not be conducted in open dishes 
because it may lead to the loss some form of analytes;

 d) the evaporation steps should not be conducted at tem-
peratures exceeding 100oC; otherwise, loss of analytes 
may occur. Evaporation to dry mass should be avoid-
ed; and

 e) the weight of sample to be digested should be chosen 
adequately to the expected concentrations of analytes 
and to the size of dish in which mineralization will 
take place, (in case of soil, dust and biota, a typical 
sample size for mineralization procedure is 5 g).
The application of the carefully chosen mix of acids 

is particularly critical in case of Pt and Rh determinations 
by voltammetric techniques. In this case, mineralization 
has to be performed in the mix of nitric and hydrochloric 
acid. Because the nitric acid residue disturbs voltammet-
ric measurements it has to be evaporated after the miner-
alization step, and the sample should be treated with small 
amounts of sulfuric and hydrochloric acid [5]. This is a 
particularly important stage of analysis because it might 
result in a significant loss of platinum. Accordingly, re-
covery experiments are very important [40].

Table 2 shows literature data on mineralization/ex-
traction procedures of environmental samples containing 
Platinum group metals.

Separation and Enrichment of Platinum Group Elements

Due to the low or even very low concentrations of 
PGE in environmental samples it is often not possible to 
make direct determinations of these metals by employing 
the known analytical techniques; therefore, a preconcen-
tration step becomes necessary. The following approaches 
can be used [14, 39, 52]:
 –  liquid-liquid extraction
 –  solid phase extraction

 –  techniques based on ion exchange
 –  electroprecipitation.

For all the above techniques, it is essential to estimate 
a recovery coefficient for each analyte.

extraction Techniques

Liquid-Liquid Extraction (lle)

liquid-liquid extraction has a broad and well-found-
ed application as both a separation and preconcentration 
method. This technique can also be used for separating 
PGE from solutions. Because Platinum Group Elements 
form complexes very easily, solutions of organic com-
plexing agents are often used to facilitate their extraction 
[52]. The most frequently used solvents are [53-57]:
 –  methyl-isobutyl ketone
 –  ditizon
 –  dibutyl sulfide
 –  tributyl phophate
 –  trialkylphosphine oxide
 –  chloroform.

The antipyrine derivatives of Pt, Pd, Ir and os are also 
used for their preconcentration in chloroform [14]. This 
technique has its limitations due to time consumption and 
the repeated extraction step which is necessary to secure a 
good recovery of the analytes.

Solid Phase Extraction (sPe)

solid phase extraction is a useful procedure for precon-
centrating the analytes, including PGE. PGM complexes 
can be separated in case of the metals whose ligands show 
a strong affinity to non-polar stationary phase. silica gel 
modified with c8 or C18 groups and polymeric resins based 
on polystyrene or polystyrene-divinylbenzene are used as 
sorbents [52]. complexing agents such as dithiocarba-
mate are employed in enrichment of PGE via solid phase 
extraction; however, their application remains limited to 
slightly acidic or neutral solutions in which no oxidation 
occurs [14].

Techniques Based on the Application of Ion Exchange

The propensity of PGE for forming complexes in so-
lutions of mineral acids has been used for, among other 
things, separating these metals by the techniques based 
on ion exchange. Platinum group elements form stable 
anionic chlorine complexes, while the majority of transi-
tional group or rare-earth elements form weaker anionic 
or cationic complexes. The high affinity of PGE chlorine 
complexes for strongly basic anion-exchange resins as 
well as their weak affinity for cation-exchange resins can 
be used for separating these metals from sample matrix 
[52]. in literature, various procedures of PGE elution 
have been described that consider a recovery of analyt-
es, separation efficiency of these metals from the matrix 
components, and background values [20, 58, 59].
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Table 2. specific information based on literature review in regard to mineralization/extraction procedures and final determination tech-
niques for Platinum Group Elements.

Analytes Sample type extraction conditions
Type of separa-
tion/determina-
tion technique

Detection limit Litera-
ture

1 2 3 4 5 6

Pt Aerosol

1. mineralization of shredded sample-containing filter with 
the assist of microwave radiation (630 w, aqua regia)

2. repeated mineralization as in step 1, after cooling down 
the solution and adding another portion of aqua regia

3. Filtration
4. evaporation in a rotational evaporator at 80oC
5. sample dilution

ICP-DRC-MS Pt: 0.5–0.7 
pg/m3 [11]

Pt, Rh

Airborne 
particulate 

matter, road 
dust (fraction 

< 63 μm)

1. heating the sample on filter to 450oC
2. mineralization with a microwave treatment (aqua regia; 

aqua regia and hF; aqua regia and hclo4;; or aqua 
regia, hF and hclo4 mix)

3. sample dilution with hcl
4. Storage in PE containers in a freezer

Q-ICP-MS
ICP- SF MS

DP-CSV
[41]

Pt
Airborne 

particulate 
matter, urine

Airborne particulate matter:
1. sampling with a sampler equipped with polycarbonate 

filter (0.8 μm, 47 mm, millipore) for about 4 h
2. mineralization with a microwave treatment
urine:
1. Addition of h2o2 and sulfuric acid to the sample fol-

lowed by uV-light photolysis

AdV
1. Pt: 0.5 pg/m3

2. Pt in 0.5 ml 
urine: 1 ng/l

[42]

Pt, Pd, Rh Road dust

1. Drying (100oC)
2. homogenization and sieving (fraction < 75 μm was 

analyzed)
3. mineralization with a microwave treatment (250~600 

w; hcl, hNo3 and hF), repeated 4 times
4. evaporation and dissolution of dry residue in hcl

Pt, Rh, Pd:
HR-ICP-MS

Pt, Rh:
Q-ICP-MS

Pd:
co-precipitation 
with hg/TXRF

hr-icP-ms:
Pt: 0.13 pg/ml
rh: 0.05 pg/ml
Pd: 1.18 pg/ml

Q-icP-ms:
Pt: 16.3 pg/ml
rh: 5.2 pg/ml

[17]

Pt Road dust

1. Air-drying, weighing and sieving of samples (fraction 
<2 mm was used in analysis)

2. Ashing at 550oC
3. Distillation
4. Filtration
5. evaporation
6. Dissolution of dry residue in hNo3
7. Storage in PE containers

ID-ICP-MS Pt: 0.1 μg/kg [43]

Pt Road dust

1. Drying (110oC)
2. Fractionation into three particle sizes (75, 75-125, 125-

250 μm) by shaking through a series of test sieves
3. mineralization with a microwave treatment (aqua regia)
4. Addition of hcl and repeated mineralization
6. cooling down and evaporation
7. Dissolution of dry residue in aqua regia and deionized 

water

ICP-MS Pt: 0.12 ng/ml [16]

Pt, Pd, Rh

2. soil, road 
dust

1. benthic 
sediment

1. Drying (50oC)
2. sieving (fraction < 63 μm was used for analysis)
3. mineralization with a microwave treatment (aqua regia)
4. Filtration through a 0.45 μm filter; filter washing with 

hcl
5. sample evaporation in a PTFe dish
6. Dissolution of dry residue with hcl; sonication of the 

solution

Dowex AF50w-
X8 / ICP-MS - 1. [16] 

2. [44]

Pt, Rh, Pd

Soil
(0-2 cm)
(2-5 cm)
(5-10 cm)

1. Drying (40oC) and comminuting of the sample
2. sieving (fraction < 2 mm was used for analysis)
3. Drying (105°C)
4. Ashing (450°c)

Fire assay/ICP-
MS

Pt & Pd: 0.4 
μg/kg

rh: 0.1μg/kg
[45]
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1 2 3 4 5 6

Pt Soil

1. Drying (40oC)
2. sieving (fraction <2 mm was used for analysis)
3. comminution
4. mineralization with a microwave treatment (aqua regia)
5. cooling down, filtration and filling up with deionized 

water

ICP-MS Pt: 7.6 ng/l [46]

Pt, Pd, Rh Soil

1. Drying (40oC)
2. Ashing (450oC)
3. extraction with a microwave treatment (aqua regia)
4. Evaporation and dissolution in aqua regia
5. Filtration through a PTFe 0.45 μm pore size filter; 

almost dry evaporation of the filtrate
6. separation of PGE from the matrix via co-precipitation 

with tellurium and SnCl2
7. Filtration through a PTFe 0.45 μm pore size filter; filter 

washing with hcl
8. Dissolution of dry residue in aqua regia; evaporation 

and addition of hNo3

ICP-MS
Pt: 0.043 ppb
Pd: 0.088 ppb
rh: 0.016 ppb

[47]

Ru, Rh, 
Pd, os, 
Ir, Pt

Soil

1. Drying at ambient temperature
2. sieving (fraction < 2 mm was used for analysis)
3. measuring sample ph and conductivity; determination 

of ToC, TC and TIC
4. Drying (105oC) and homogenization
5. mineralization (300oC; aqua regia)
6. centrifugation of non-soluble residue
7. evaporation; addition of hcl; and filtration through a 

0.45 μm pore size filter
8. Preconcentration of analytes on cation-exchange col-

umn on-line with icP-ms

ICP-MS - [7]

Pt
1. wastewater
2. wastewater 

sediment

Wastewater:
1. sample stabilization with hcl
2. mineralization at 320oc and under high pressure (aqua 

regia)
3. evaporation of hNo3 at 160oc; addition of hcl
Wastewater sediment:
1. Drying (105oC) and grinding
2. mineralization with a microwave treatment (aqua regia)

1. iv
2. ICP-MS - [48]

Pt hospital 
wastewater

1. Addition of hNo3 to the sample until ph 1-2 has been 
reached

2. Addition of 500 ml 30% h2o2 to the 10 ml of sample; 
sonication

3. mineralization with uv-light or heating

AdV 10 ng/l [34]

Pt hospital 
wastewater

1. Addition of hNo3 and hcl to the sample
2. mineralization (100-130 bar; 300oC)
3. Addition of h2So4 and hcl to the cooled down sample
4. evaporation of hNo3 (160oC)

AdV 10 ng/l [49]

Pt River water
Seawater

1. sample was collected into a Pe bottle previously rinsed 
with hcl

2. sample filtration onto a 0.45 μm pore size membrane 
filter

3. Addition of hNo3; sample stored frozen

ET-AAS 0.8 ng/ml [53]

Pt, Pd, Rh Snow

1. Pump filtration of thawed snow through a 0.45 μm cel-
lulose filter

2. Ashing of the sample-containing filter
3. Dissolution of dry residue in aqua regia
4. Preconcentration of analytes via co-precipitation with 

mercury

GF-AAS
Pt: 1.0 ng/l
Pd: 1.0 ng/l
rh: 0.5 ng/l

[51]

Table 2. continued
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ion exchange technique is very suitable for eliminat-
ing spectral interference in the determinations of PGE by 
ICP-MS (inductively coupled plasma mass spectrometry) 
[52]. however, its disadvantage is that recovery is non-
repeatable (it depends on sample type) and the method 
cannot be used for concurrent separation of all platinum 
group metals [14].

Cation Exchangers

At present, broad investigations on the application of 
cation exchange to PGE separation are conducted, all deal-
ing with resins characterized by strong cationic features. 
separation by cation exchange takes place when an anionic 
chloro complex of PGE passes through a cationic column, 
while other metals in the sample get quantitatively absorbed 
on a sorbent bed. high recovery of PGE is achieved when 
a mix of acids is used as eluent. The main obstacles in the 
application of cation exchange are [14, 60, 61]:
 –  relatively large amounts of resin necessary to absorb 

non-PGE metals, which results in tedious cleaning of 
the sorbent bed and high consumption of acids

 –  relatively large eluent volume necessary for quantita-
tive elution of PGE from the column; this increases 
the risk of concurrent elution of other metals that do 
not form strong cationic complexes

 –  difficulties in separating Platinum group elements 
due to the limited amount of eluent used in order to 
avoid concurrent washing out of other substances 
from sorbent

 –  low separation efficiency for hf and zr, which may 
give rise to many problems during the PGE determi-
nation step via ICP-MS and NA (Neutron Analysis). 
both metals tend to form stable anionic complexes; 
this propensity depends on sample type and dissolu-
tion technique, and in particular is observed in samples 
that decompose with the use of hydrofluoric acid.

Anion Exchangers

regarding the exclusively low concentrations of plati-
num and palladium in the environmental samples (ng/g, 
pg/g) the anionic exchangers appear to be preferable to 
the cationic exchange resins, because they demand a col-
umn of a smaller size and smaller volumes of the eluates 
[62, 63]. selectivity of anion exchangers is better because 
of the formation of stable ion pairs between chloro com-
plexes and a sorbent’s active groups. The tendency for the 
metal-chloro complexes to form ion pairs with anion-ex-
changers is: [mcl6]

2- > [mcl4]
2- >> [mcl6]

3- > aquo spe-
cies, where m is a metal [59].

mixtures of different solvents are used for elution, as 
follows [14, 52, 64-66]:
 –  To elute PdCl4

2- and PtCl4
2-, which bind strongly to 

some resins, perchloric or concentrated nitric acid are 
used as they have higher affinity for a given resin.

 –  To elute platinum and palladium complexes, which are 
adsorbed too strongly to be eluted from stationary phase, 

hot concentrated mineral acids or hot ammonia solution 
also is applied; this results in resin dissolution, which has 
a negative effect on the removal of contaminating sub-
stances and, in turn, PGE determinations.

 –  in order to efficiently remove PGE from a resin, a 
complexing reaction with thiocarbamide or other suit-
able complexing agent is used.

 –  To elute PGM from anion-exchange resins the thio-
urea in 0.1 m hydrochloric acid solution is also used.
similarly to cation exchangers, the separation of hf 

and zr is not complete; however, this problem can be 
solved by eluting disturbing substances with an hF-hcl 
mix [64].

Coprecipitation

Reductive coprecipitation with a suitable collector 
is applied to separate noble metals from base elements 
and to concentrate them to the level appropriate for in-
strumental techniques [32]. This method can be used for 
environmental and biological samples. In such a case, it 
is necessary to choose the proper sample dissolution pro-
cedure. commonly used precipitating agents are [14, 52, 
67, 68]:
 –  solution of Te, Se, As or Cu salts. SnCl2 is a reducing 

agent (precipitate is dissolved in nitric acid and the ob-
tained solution can be processed by means of various 
techniques depending on the required measurement 
sensitivity);

 –  mercury nitrate. In this case, mercury is reduced with 
formic acid (this procedure can be used for palladium 
enrichment in samples of urine, plants and road dust 
after high pressure mineralization).

 –  thiourea and thioacetamide. Both compounds can be 
applied in coprecipitation of PGE with the use of cop-
per collector.
Coprecipitation applied as an enrichment technique 

is frequently associated with low recovery of analytes 
therefore, a consecutive use of isotope dilution mass 
spectrometry (IDMS) is recommendable in order to ob-
tain reliable measurements (except in the case of mo-
noisotopic rh) [69].

Electroprecipitation

Electroprecipitation has found a limited application as 
a separation/preconcentration technique for the Platinum 
Group Elements. The application of this method requires 
samples in liquid phase [14]. During electrochemical pre-
concentration step analyte ions are separated from the sam-
ple matrix and deposited on the electrode. The analytical 
signal is then obtained during the dissolution of the metal 
from the electrode. The effectivity of preconcentration and 
dissolution steps could be influenced by oxygen, surface-
active compounds, and inert salts present in a sample [70]. 
Although, in spite of the high pre-concentration factors and 
good selectivity of electrodeposition, the efficiency process 
considerably depends on ph. under the given conditions 
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(acidic ph, negative potentials), hydrogen ions are reduced 
and the evolution of hydrogen decreases analyte reduction 
efficiency [52]. in literature, there is a description of plati-
num determination technique based on electroprecipitation 
on a graphite rod, and the final measurements by means of 
GF-AAS (detection limit of about 0.3 ng Pt) [71].

Analytical Techniques Employed for Detection 
and Quantitative Determination of PGE / General 

Characteristic of Techniques used for PGE 
Determinations in Environmental Samples

Determination of PGE analytes can be performed by 
means of different analytical procedures; however, the 
concentration of the metals dictates the choice of tech-
nique to be adopted. Fig. 3 shows a schematic presenta-
tion of the techniques, which are the most often used for 
determination of Platinum Group Elements at various 
concentration levels in environmental samples.

The basic information on analytical techniques used 
for final determination of PGE analytes in environmental 
samples is presented below.

Gravimetry and Titration Analysis

Gravimetry and titration analysis are widely used for 
accurately checking and confirming the concentration of 
standard solutions and in the analysis of PGE-rich samples 
at the content level of 0.1% or higher [72-74]. The main 
sources of error are losses during precipitation, cleaning 
of the residues and drying (when gravimetric techniques 
are used).

UV/VIS Spectrophotometry

The availability of spectrophotometric apparatus and 
the simplicity of analytical procedures make the tech-
nique very attractive for a wide range of applications. 
The determination of PGE by spectrophotometric meth-
ods requires their quantitative transformation into soluble 
stable species that can make the basis of the detection. 
The use of spectrophotometric methods in PGM analysis 
is limited due to low sensitivity. It is caused by a high 
chemical similarity of PGM resulting in the formation of 
complexes of similar compositions and properties [75]. 
however, many new highly specific and sensitive organic 
reagents are being synthesized and various highly sensi-
tive methods are being developed with molar absorptivi-
ties of 105–106 or even higher [76]. Nevertheless, the use 
of this method is limited to metallurgical or industrial 
samples containing PGE at µg/g or higher levels [52].

Inductively Coupled Plasma-Atomic Emission 
Spectrometry (ICP-AES)

one of the characteristic feature of this method is the 
necessity of converting metals into solution before anal-

ysis. optionally stable suspended matter samples may 
also be analyzed if the nebulizer is properly constructed. 
The direct analysis of platinum and palladium by ICP-
AES however is considerably restricted because of the 
interferences of the matrix elements, which exist in the 
samples in concentrations four to eight orders higher 
than platinum metals [39]. For example, the influence 
of aluminium and iron on the Pt signal, and iron and va-
nadium on the Pd signal (due to spectral interferences), 
has been observed [63]. The low concentrations of Pt 
and Pd in the environment and the necessity to minimize 
the spectral and matrix interferences have led to the de-
velopment of various procedures for isolation and con-
centration of PGE, but ion-exchange is most frequently 
used. ICP-AES has been utilized for the determination of 
PGE in road dust and plant samples (from ng/g to µg/g) 
after separation on Dowex 1-X10 anion-exchange resin 
[63, 66]. The technique is also sufficiently sensitive for 
the determination of noble in sewage sludge and geo-
logical samples [76].

Atomic Absorption Spectrometry (AAS)

Atomic absorption spectrometry is both an easily 
available and widely used technique for the determina-
tion of platinum group metals in different materials. This 
technique, similar, to ICP-AES, requires total dissolution 
of the element.

In FAAS (Flame Atomic Absorption Spectrometry) the 
nebulized sample is introduced into flame. The absorp-
tion of the analyte atoms is compared against known stan-
dards. The following flammable gases are used in PGE 
determinations:
 –  acetylene/air (Pt, Pd, ru)
 –  nitrous oxide and acetylene mix (rh, ru).

The main disadvantage of FAAS for PGE determina-
tion is its poor sensivity. Therefore, the FAAS technique 
generally finds use for noble metals determination in con-
centrates and Pgm-rich samples [51, 78].

In GFAAS (Graphite Furnace Atomic Absorption 
Spectrometry) analysis, usually a small volume of sample 
solution or solid sample, is dispensed into a graphite atom-
izer and the absorption of the produced atoms is measured 
against standards. Sensitivity of PGE determinations by 
GFAAS mainly depends on the metal’s melting point. The 

Fig. 3. Analytical procedures employed for determining PGE in 
environmental samples.
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GF-AAS determination of PGE requires high atomization 
temperatures due to the high vaporization temperature of 
the PGM compounds [79].

measurements can be disturbed by the presence of 
other noble metals due to the formation of alloys, and 
by other elements that are present in environmental 
samples, e.g. Ni [80]. with the aim of the GF-AAS anal-
ysis of platinum in catalyst, vegetation, soil and water 
samples, the matrix effect from excess concentration 
of several ions (eg. Pb2+, Cu2+, Ca2+, Co2+, Clo4

-, Fe3+, 
Fe2+, Al3+, Sn2+, Rh3+, zr4+, Ce4+, Pd2+) on the Pt sig-
nal was studied. The tolerance limits found show that 
platinum can be determined in the presence of a variety 
of ions [33]. in overcoming some of the interferences, 
operations such as separation and preconcentration of 
analytes prior to GFAAS determination, standard addi-
tions and also background correction using continuum 
source are useful.

The method is used for Pt and Pd measurements 
in spiked tap and wastewater and road dust samples 
[80-83]. GFAAS detection also has been employed for 
the estimation of PGM in soil [84] and snow samples 
[51].

X-ray Fluorescence Spectroscopy (XRF)

X-ray fluorescence spectrometric method is gener-
ally not directly suitable for the determination of trace 
concentrations of PGE in environmental samples, thus 
there appear to be only a few examples of the applica-
tion of XRF in PGE analysis in published literature. 
The technique has been used for analysis of total plati-
num concentrations in body fluids of patients treated 
with the antitumor drug cis-dichlorodiammineplatinum 
(ii) [85]. minimum detection limits range from 0.10 to 
0.25 g Pt per ml, depending on body fluid. The X-ray 
method has been recognized as a suitable technique for 
the determination of Pt and Rh in automotive catalyst 
samples [84]. X-ray technique has also been reviewed 
for the determination of PGE in corrosion-resistant 
steels [86].

Inductively Coupled Plasma-Mass Spectrometry (ICP-MS)

inductively coupled plasma–mass spectrometry (ICP–
MS) is potentially suitable for analysis of PGEs, because 
of its extremely low DL (Detection Limit), multielement 
capabilities and wide linear dynamic range (five to six or-
ders). ICP-MS has been recognized as a widely applied 
technique for the determination of PGE both in environ-
mental [10, 16, 87-89] and biological samples [90-93].

however, this technique has the disadvantage of pos-
sible spectral overlap from isotopes of different elements 
and, more commonly, the formation of molecular ions in-
side the Ar plasma, which can give rise to isobaric interfer-
ences in the mass spectra. Spectral type disturbances dur-
ing the determinations of Pt, Pd, Rh and Ru are caused by 
179hf16o, 178hf16o (194Pt) (195Pt), 40Ar65Cu, 89Y16o, 87Rb18o 

(105Pd), 40Ar63Cu, 36Ar67zn, 206Pb2+, 87Sr16o, 87Rb16o (103Rh), 
64zn35cl (99Ru), 64zn37Cl, 66zn35Cl, 61Ni40Ar, 63Cu38Ar and 
65Cu36Ar (101ru). No substantial interferences are known 
for iridium [94]. There are some ways to decrease spectral 
interferences, such as:
 –  mathematical correction [43, 95]
 –  separating analytes from the sample matrix before 

analysis [94, 44]
 –  using a mass spectrometer with proper resolution 

[21]
 –  employing an alternative way of introducing samples 

into a measuring system [96].
Non-spectral interferences are more complex as com-

pared to the spectral ones. They may cause signal attenu-
ation or amplification due to the presence of solid par-
ticles in solution. The effect of disturbing substances can 
be alleviated by adding internal standard that has similar 
chemical properties to the analyte. Detailed studies of the 
methods of elimination of interferences in determination 
of platinum and palladium in environmental samples by 
inductively coupled plasma mass spectrometry have been 
done by leśniewska et al. [97].

Neutron Activation Analysis (NAA)

Together with ICP-MS and CSV (Cathodic Stripping 
Voltammetry), NAA is the most sensitive technique for the 
determination of PGE. It is the method of elemental anal-
ysis based on the transition from a stable atomic nucleus 
(nuclide) into radioactive nucleus (radionuclide) due to 
irradiation with neutrons, photons or active particles. The 
radionuclide (radioisotope) decay model is used in quali-
tative analysis of a given trace element and emitted ra-
diation is proportional to the initial analyte concentration 
in the sample. From among different types of radiation 
which can be emitted, it is gamma (γ) radiation that has 
the best parameters for selective and parallel determina-
tions of PGE.

The two variants of NAA- instrumental NAA (INAA, 
Instrumental Neutron Activation) and radiochemical NAA 
(RNAA, Radiochemical Neutron Activation), score over 
other techniques because of their accuracy, sensitivity and 
freedom from interference. The interference-free iNAA 
of 190Pt gamma-peak at 538.9 kev suffers from low sen-
sitivity for most environmental and biological samples 
due to the low natural abundance (0.01%) of Pt [79]. The 
measurement of 190Pt is limited by its short half-life of 
30.8 min, therefore Pt is often determined via 197Pt, or via 
the 199Au daughter of 199Pt. however, in a variety of envi-
ronmental and biological samples, 24Na interference with 
the 197Pt permits analysis only after long decay times. 197Pt 
also suffers from 197hg interference [98]. For rNAA, al-
most all investigation of platinum are done using 199Au 
as the indicator nuclide. The main disadvantages of rNAA 
is that it is time-consuming [98].

The NAA method has been utilized for the determination 
of Pt in rock samples after nickel sulphide fire assay precon-
centration [99]. The technique also has been used in conjunc-
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tion with a preirradiation concentration/separation procedure 
employing a Dowex ion exchange chromatographic column 
for the determination of low levels of platinum in road dust 
samples. NAA detection has been employed for the estimation 
of Pt in airborne dust samples. The spectral interferences of 
platinum were removed by mathematical correction [100].

Electroanalytical Techniques

Techniques based on the electrochemical properties of 
the analytes are selectively used for PGE determination. 
Among numerous electroanalytical techniques used for 
the determination of PGM, voltametric methods are the 
most popular ones. The technique is extremely sensitive 
to the presence of organic matrix constituens. To mini-
mize interference it is preferable to destroy organic matrix 
to limit the carbon content of the sample solution to under 
0.5% and avoid nitric acid prior to analysis. moreover, an 
important aspects of ASV (Adsorptive Stripping Voltam-
metry) analysis is the deposition time, for which cautious 
optimization prevents interference from h2 bubbling. A 
reduced deposition time is a prerequisite for the measure-
ment of higher concentrations of Pt [79, 101].

Due to its high sensitivity for this metal, ASV meth-
ods have been widely used for the analysis of Pt in vari-
ous matrices, including biological materials [92]. with 
this technique trace levels of Pt in hospital sewage water 
[5, 34] plant material [102], animal tissues [103] and an-
other selected environmental and biological samples (soil 
and garden mould, vegetables, foodstuffs, fertilizers, fuels 
[104] were analysed. This method has also been applied for 
assessment of occupational exposure by selective determi-
nation of platinum in workroom air and in blood and urine 
samples from medical staff nursing cancer patients [105].

Summary

Despite increasing knowledge about the concentrations 
of Platinum Group Elements in environmental samples it is 
still difficult to estimate what effects can be caused by them 
in the environment. Although present emissions of PGE do 
not pose a serious threat, the growing number of motor ve-
hicles equipped with catalytic converters and accumulation 
of Platinum group metals in the environment may become 
a problem in the near future. Therefore, it is important to 
conduct ongoing monitoring of these elements in environ-
mental as well as biological samples. Analyzing PGE in such 
sample types creates a serious challenge for scientists. In par-
ticular, PGM occur at very low concentrations and there are 
no suitable reference materials, which makes validation of 
the existing analytical procedures very difficult.
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