
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 17 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Critical Reviews in Analytical Chemistry
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713400837

Environmental Fate of Traffic-Derived Platinum Group Metals
Aleksandra Dubiella-Jackowskaa; Błażej Kudłaka; Żaneta Polkowskaa; Jacek Namieśnika

a Department of Analytical Chemistry, Chemical Faculty, Gdansk University of Technology, Gdansk,
Poland

To cite this Article Dubiella-Jackowska, Aleksandra , Kudłak, Błażej , Polkowska, Żaneta and Namieśnik, Jacek(2009)
'Environmental Fate of Traffic-Derived Platinum Group Metals', Critical Reviews in Analytical Chemistry, 39: 4, 251 —
271
To link to this Article: DOI: 10.1080/10408340903001144
URL: http://dx.doi.org/10.1080/10408340903001144

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713400837
http://dx.doi.org/10.1080/10408340903001144
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Critical Reviews in Analytical Chemistry, 39:251–271, 2009
Copyright c© Taylor and Francis Group, LLC
ISSN: 1040-8347 print / 1547-6510 online
DOI: 10.1080/10408340903001144

Environmental Fate of Traffic-Derived Platinum
Group Metals
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Department of Analytical Chemistry, Chemical Faculty, Gdansk University of Technology,
Gdansk, Poland

Subsequently introduced standards on exhaust gas emissions determine the development of
motorization industry as well as stimulate the search for new environmentally friendly solu-
tions for road transport. One of such pro-environmental solutions, directed toward reducing
emissions of toxic exhaust components, has been a project concerning application of catalytic
exhaust gas converters in mechanical vehicles which contained platinum group metals (PGM).
Despite undeniable benefits, application of PGM in gas converters is not a perfect solution
because of the possible emission of these metals to the environment with exhausts. Presently the
problem of increasing PGM content in the environment is the subject of interest of numerous
research institute workers all over the world. Results of PGM determinations can form an exit
point to run environmental impact assessment of road transport because most of PGM present
in the environment comes from vehicle exhaust gas converters. Taking under consideration all
of the above, there is a necessity of running wide studies to monitor concentration levels of this
polluting group in biological and environmental samples.

Keywords Anthropogenic emission, catalysts, platinum group elements, environment

INTRODUCTION
One of the human basic areas of activity is road transporta-

tion, which on one hand is indispensable to meet many social
needs and on the other hand is considered to belong to one of
the greatest noxiousness of civilization. The greatest and most
directly environmentally noticeable threat of motorization de-
velopment is the emission of toxic substances such as oxides
of carbon, nitrogen, and sulphur next to aromatic hydrocarbons,
aldehydes, oil-derived hydrocarbons and heavy metals (cad-
mium, zinc, chromium, iron, lead, copper, nickel, vanadium,
manganese).

The harmful substances emission levels connected with the
road transport sector has considerably declined (by 24–35%)
in parallel to introduction of catalytic exhaust gases converters
in mid 1970s in USA and Japan and in 1980s in Europe (1).
Presently there are two main types of catalysts distinguished:

• Catalysts of oxidizing character (joined with diesel en-
gines), and
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partment of Analytical Chemistry, Chemical Faculty, Gdansk Univer-
sity of Technology, 11/12 G. Narutowicza Str., 80-952, Gdansk, Poland.
E-mail: Dubiella@poczta.fm

• Trifunctional (used in gasoline engines).

The process of transformation of toxic compounds in gas
converters is catalyzed by a specific group of elements, namely
Platinum Group Metals (PGM) (Pt, Pd, Rh and more rarely
Ru and Ir). Unfavorable conditions of catalysts’ work (too
high temperature of exhaust gases, mechanical and chemi-
cal actions on their surfaces) cause emission of PGM to the
environment.

Noble metals reaching the environment as a result of road
traffic undergo deposition in particulate matter, road dust, soil,
water, sediments and biota. One of the major transport pathways
of this polluting group are rain waters and runoff waters resulting
from them. Determined content levels of PGM in this type of
samples can be the source of unusually important information
concerning the bioavailable fraction of these analytes in the
environment.

Results of realized studies can be the basis for stating that
these metals show the ability to accumulate in living organisms’
tissues and can result in numerous health defects (1–4). Taking
into account both the increase of concentration levels of PGM in
particular environmental compartments as well as the diversity
of their toxic influence on living organisms, more and more
often there appear statements about the necessity of introducing
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252 A. DUBIELLA-JACKOWSKA ET AL.

systematic monitoring of concentration levels of this pollutant
group in environmental samples (1, 5, 6).

In recent years the amount of literature data concerning con-
centration levels of these metals in samples of particulate matter,
road dust, soil and biota has noticeably increased. Until now, the
state of the art on deposition values of these PGM in samples
of atmospheric depositions, runoff and surface waters is very
limited. Learning the content levels of PGM in these types of
samples consists significant problem in studies directed to:

• Assess their spread pathways in the environment, and
• Assess effects of these metals on particular elements

of both living and non-living parts of the environment.

SOURCES OF PGM EMISSION TO THE ENVIRONMENT
In the last decade there has been noted the significant incre-

ment of PGM concentration in particular types of environmental
samples, such as (7–12):

• Particular matter,
• Soil,
• Road dust,
• Surface water,
• Plants, and
• Bottom sediments.

This situation results first of all from widespread use of platinum
group elements (PGE) in different industrial branches. The main
emission sources of PGE to the environment are automotive
catalysts, industrial ones and hospital wastes (Fig. 1).

More detailed information on PGE emission sources’ char-
acteristics can be found in the following original and review
papers (1, 5, 13–17).

MOBILITY OF PGM IN THE ENVIRONMENT
Until recently, there existed an opinion that the dominating

majority of platinum released from catalysts is present in non-
metallic form, thus inert one, and only to small extent in oxidized
form, probably as Pt4+ (1, 18). It was stated that the presence
of platinum at this oxidation level results from reaction of its
metallic form, being present in active phase, with oxygen or air
in 500oC. Nowadays it is thought that mobile fraction of PGE
in exhaust gases constitutes a significant part, even a few tens
of percent, of the total PGE emission (1, 19, 20).

PGE are present in catalysts in the form of very fine particles.
Very small dimensions of these metals are more susceptible to
action of factors that can increase their solubility, what makes the
dissolved PGE content in exhaust gases increase in correlation
to decrement of emitted particles size (20–22).

Furthermore, the percentage content of mobile forms of these
metals in exhaust gases increases with the wear out level of the
catalyst (16, 20, 22, 23). In some scientific circles there exists
opinion that PGE emitted from catalysts in dissolved form con-
stitute a group of the most toxic compounds of these metals—in
a form of complexes with halogenated ligands (derived from
fuel additives). The presence of carbonyl complexes is also sus-
pected to occur (20).

For a long time it was believed that PGE emitted to the
environment in metallic form, due to their chemical inertia,
belong there unchanged. However, results of conducted studies
devoted to solubility of selected chemical forms of PGE (includ-
ing platinum black) prove that numerous factors can influence
the increment of their bioavailability. Based on data contained in
Table 1, it can be concluded that small part of metallic platinum
present in the environment can undergo transformation into mo-
bile form as a result of the solubilization process. A significant
increase of PGE bioavailability in environmental samples can be
observed in the presence of the following organic compounds:

FIG. 1. Main emission sources of PGE to the environment.
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ENVIRONMENTAL FATE OF TRAFFIC-DERIVED PLATINUM GROUP METALS 253

TABLE 1
Solubility of selected chemical forms of PGE in model solutions and in environmental samples (22)

Soluble form (%)
Type of samples Time of
tested Solvent∗ pH reaction Pt Pd Rh Litera-ture

Platinum black H2O∗ ∼ 7 30 days 0.05 — — (27)
PtO2 H2O∗ ∼ 7 30 days 0.25 — —
Tunnel dust H2O∗ ∼ 7 30 days 3.90 — —
Disintegrated material of

used catalyst
H2O∗ 1 3 months 0.35–0.50 — 1.00 (28)

H2O∗ 3–9 3 months 0.01–0.025 — 0.05
Platinum black 0.2 mol/L methionine 9 30 days 0.79 — — (29)
Road dust 0.2 mol/L Na5P3O10 6–7 30 days 0.02 — —

H2O∗ ∼ 7 30 days 1.5 — —
0.2 mol/L methionine 9 30 days 2.7 — —
0.2 mol/L Na5P3O10 6–7 30 days 13.0 — —

Road dust H2O∗ ∼ 7 15 hours 0.14 5.90 0.57 (30)
Synthetic rain∗∗ 3 15 hours 0.48 35.4 1.21

Road dust 1 mol/L NH4NO3 Unbuffered 24 hours ∼ 30 — — (31)
Tunnel dust 1 mol/L NH4NO3/1

mol/L NH4Ac
∼ 6 24 hours ∼ 42 — —

Soil samples spiked with
catalytic converter

0.11 mol/L Unbuffered 16 hours <0.5 27–65 ∼ 2 (32)

CH3COOH/0.5 mol/L 1.5 16 hours
Unbuffered 1 hours

Street dust ClH4NO/8.8 mol/L
H2O2,

1 mol/L NH4Ac

2.0 <10 61–70 10–22 (32)

∗H2O describes distilled or demineralized water
∗∗Artificial (synthetic) rain contained the same ions that are present in natural rain water

humic acids, fulvic acids, acetates or siderofors (products of
metabolism of fungi bacteria and higher plants, resulting in in-
creasing iron bioavailability) (24, 25).

The second (in importance gradation) source of PGE in
the environment are hospital and urban sewages. It was stated
that most of the dose of a platinum-containing drug is ex-
creted with urea not sooner than in patients house (app. 70%)
(25) and there enters communal sewages. Cis-platinum ap-
plied to patients is excreted in a very active and cytotoxic
form of monoaquacisplatinum and thus is present in this form
in sewages (26). In water treatment plants most of platinum
resulting from cytostatics (96% cis-platinum, 70% carboplat-
inum, and 74% oxaliplatinum) undergoes adsorption on active
sludge. Thanks to this, the metal does not reach receiving waters
(14, 25).

MIGRATION OF PGE IN DIFFERENT ENVIRONMENTAL
COMPARTMENTS

Until now there is only limited number of works directed to
assess:

• Bioavailability,
• Access routes by living organisms, and
• Environmental fate

of PGE coming from anthropogenic emission sources. This situ-
ation results mainly from ultra-low content levels of these metals
in environmental samples and analytical problems occurring at
the stage of sample preparation and analytes determination.

It seems that there are common opinions among experts on
environmental mobility of PGE coming from exhaust gases
converters—one that is limited although noticeable (25). PGE
released from catalysts in metallic or oxidized form show slight
toxic potential. However, the mobile fraction of the emitted
metals, as well as the part that undergoes transformation into
soluble forms already in the environment, constitute a serious
threat both for the floral and faunal worlds (1). In Fig. 2 the
schematic transport pathways of PGE coming from vehicles’
exhaust systems are presented (5).

Air and Atmospheric Aerosols
Air is the first environmental compartment to which PGE

migrate from sources related to vehicle traffic. PGE released
from catalysts with exhaust gases reach the atmospheric air
and are stopped in it and deposited on solid particles. After
some time of being in the atmosphere, dust and suspended
matter are removed as a result of wet or dry deposition. The
process of wet deposition occurs by flushing pollutants out by
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254 A. DUBIELLA-JACKOWSKA ET AL.

FIG. 2. PGE circulation coming from vehicle catalysts in the environment.

atmospheric precipitation, while dry deposition mainly results
from gravitational falling. Wet and dry deposition of PGE can
cover the areas within a few hundred kilometers of the source
(33).

The first scientific reports on platinum and palladium con-
centrations in air come from the 1970s (from a period prior
to the introduction of vehicle catalysts) and are related to air
samples collected in the proximity of arteries with a high traffic
intensity (concentrations determined were <0.05 and <0.06
pg/m3, respectively, for Pt and Pd) (1, 34, 35). In Europe,
prior to introducing car catalysts, the concentration level of
platinum was below limits of determination of known analyt-
ical techniques (0.05–1.0 pg/m3) (1). Presently, the platinum
concentration in samples of particulate matter in air is much
higher reaching values of a few ten to a few hundred pg/m3

(Table 2).
Worrisome high platinum concentrations (33 pg/m3) in ur-

ban areas are proved by the results of analysis of air samples

collected in the interior of city buses (in Munich, Germany)
coursing at the most jammed routes (1, 46). In Germany, a sig-
nificant increment (27 folds) of rhodium concentration in air
during the 10-year period of 1988–1998 was also observed (1,
21). In Table 2, literature data on PGE concentration in samples
of suspended matter are presented. The relatively high spread
of results is connected with:

• Differentiated sampling points localization,
• Different traffic conditions,
• Differences in fraction characteristics (molecule size)

of collected aerosol samples.

Information contained in recently published works con-
stitute a good basis for proving the thesis that fine particles
containing noble metals can be transported for long distances.
High PGE concentrations were determined among others in pit-
bogs in a 250–500 m distance from the nearest communication
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ENVIRONMENTAL FATE OF TRAFFIC-DERIVED PLATINUM GROUP METALS 255

TABLE 2
Literature data on PGE content in atmospheric aerosols collected in different city agglomerations (1)

Concentration [pg·m−3]
Characteristics of sampling

Sampling place Sampling date points surroundings Pt Pd Rh Literature

Dortmund (Germany) 1991–1992 Urban area fastway 0.02–5.1 — — (36)
30

Berlin (Germany) 1997 Urban area — 0.2–14.6 — (37)
Göteborg (Sweden) 1999 Urban area, PM10 0.9-19 0.1–10 0.3–4 (38)
Rome (Italy) 1999–2000 Urban area 7.8–38.8 21.2–85.7 2.2–5.8 (39)
Stuttgart (Germany) 1997 Urban area 681) — 81 (40)
Madrid (Spain) 2002 Highway M-30, PM10 15 5.1 27 (41)

Suburban area, PM10 19 32 9.1
Vienna 2002 Area with high PM10 4.3 2.6 0.4 (42)

traffic intensity <30 µm 38.1 14.4 6.6
Kopenhagen

(Denmark)
1993 Area with high traffic

intensity
13 — — (43)

1995–1997 250–2740
Czechy — Meteorological stations 9–62 23–283 — (44)
China 2004 Suburban area 5.9–38.2 — — (45)
Muenchen (Germany) 1993–1994 Interiors of buses and

trams
7.32

1995–1996 <LOD-43.1 — — (46)
21.52 — —

1Concentration in ng/g
2Average concentration

routes (47). Increasing concentrations of PGE in the environ-
ment for the period of time of hundreds of years are also proved
by results of analysis of ice core samples collected from the
Alps, Antarctic and Greenland (Fig. 3) (25). Representatives of

several scientific circles state that in a roads’ proximity less than
5% of total deposition of these metals occur, while a major role
in transferring this pollutant group to the environment is played
by transborder transport (48).

FIG. 3. PGE transport routes with precipitation waters.
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256 A. DUBIELLA-JACKOWSKA ET AL.

TABLE 3
Literature data on PGE concentration levels in samples of road dust and soil (1)

Characteristics of Concentration (ng/g)
sampling place

Sampling place Sampling date surroundings Pt Pd Rh Literature

Road dust
San Diego (USA) 1985 Highway 100–680 38–280 — (65)
Göteborg (Sweden) 1991 Parking lot fastway

<63 µm
261 (66)

1998 196 ± 22 80 ± 13 93 ± 15 (67)
England — Fastway (London

suburbs)
0.35–32.7 — — (68)

Germany — highway fastway 1000 1–146 110 (69)
Karlsruhe (Germany) 1997 — 112–169 (70)
Scotland (England) 1999 Roads with high and

medium traffic
intensity

1.8–335.1 — — (71)

Frankfurt (Germany) 1994 — 6–117 (28)
1995 170

Madrid (Spain) — city ring road <65 µm 39–191 (72)
Rome (Italy) — urban area 14.4–62.2 102–504 (39)
Germany 1999 A-1 highway 303 ± 40 95 ± 2 — (73)

A-61 highway 280 ± 20 82 ± 7
cB-262 road 269 ± 20 60 ± 4

Białystok (Poland) 2000–2001 Road with traffic
intensity app. 30 k
vehicles/day

34.2–110.9 32.8–42.2 6.0–19.7 (74)

Perth (Australia) 2000 Road with diversified
traffic (12–100 k
vehicles/day)

53.84–419 58.2–440.5 8.8–91.4 (75)

Göteborg (Sweden) 1999–2000 Roads with high and
medium traffic
intensity

325.5 70.8 101.8 (76)
Madrid (Spain) 317 202.7 74
Rome (Italy) 34.0 4.8
Muenchen (Germany) 178.8 31.2
Londyn (Anglia) 73.7

Tunnel dust
Białystok (Poland) 2000–2001 City tunnel (28 k

vehicles/day)
4.17–23.3 3.1–23.9 6.76 ± 1.28 (74)

Austria — Tunnel’s ceiling 68.2 — — (77)
Styria (Austria) 1994 Ventilation shaft 55 4.0 10.3 (78)

1998 81 5.5 12.8
Japan 1987 — 170 297 — (40)

Soil
Germany — Area in highway’s

vicinity
27 — — (79)

Road A3
Frankfurt-Köln

— 16 k vehicles/day 330 ± 223 — — (80)

— —

(Continued on next page)
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TABLE 3
Literature data on PGE concentration levels in samples of road dust and soil (1) (Continued)

Characteristics of Concentration (ng/g)
sampling place

Sampling place Sampling date surroundings Pt Pd Rh Literature

Road
Wiesbadener-Kreuz
(Germany)

6.6 ± 0.19

Germany — Barren lands 0.03–0.26 — — (81)
Cultivated lands 0.15–3.9
Land in road proximity 15.6–31.7

Hanau (Germany) 1995 Area in highway’s
vicinity

23–112 — — (82)

Frankfurt (Germany) — Area in highway’s
vicinity

72 6 18 (83)

Rome (Italy) 1992 Area with high traffic
intenisty

0.8–6.3 — — (84)

2001 7.0–23.7
Mainz (Germany) BAB66 highway (85)

0.6 m from the road 87 ± 17 7.2 ± 1.5
1.8 m from the road 8.7 ± 1.5 1.2 ± 0.3
3.0 m from the road 2.5 ± 1.4 1.1 ± 0.5

Road Braunschweig
–Wolfsburg
(Germany)

2005 16 k vehicles/day
Pojazdów/doba

50.40 43.30 10.7 (86)

layer 0–2 cm 19.30 17.60 4.45
0.1 m from the road 4.90 3.18 1.10
2.5 m from the road 2.10 0.89 0.29
5 m from the road 4.00 0.90 0.18
10 m from the road
50 m from the road

Perth (Australia) 2000 Road with diversified
traffic (12–100 k
vehicles/day)

31–153 13.79–108.4 3.5–26.5 (75)

1ng/m

Road Dust and Soil
Road dust is second after the air environmental compo-

nent that receives PGM coming from vehicle catalysts. The
chemical composition of road dust samples has significantly
changed (as far as trace components are concerned) during the
last decade (1998–2005); it reflects decreasing lead content (by
50%) and detectable and continuously increasing platinum con-
centrations (49). Results of the studies represent a comprehen-
sive source of information on fact that the platinum content
in environmental compartments localized in roads’ proximity
has increased 90 times when compared to the biogeochemi-
cal background concentration already 5 years after introducing
vehicle catalysts. Results of monitoring studies conducted on
areas localized in highways’ proximity in Austria, Belgium,
Sweden, Germany and Great Britain show that within 10 years
the platinum concentration in samples of road dust, sediments
and plants has increased 3–6 fold (50). What is more, analytical

information gained due to road dust analysis show that PGE con-
tent level in this type of sample is characterized by an increasing
trend with time and in the easily observed way correlates to
(1):

• Road traffic intensity,
• Atmospheric conditions, and
• Type of pavement sampled.

In Table 3 the literature data are presented with respect to
concentration levels of PGE in samples of road dust and soil.

Soil is one of the most important environmental compart-
ments to which PGE reach. Anthropogenic emission of PGE
leads to a significant increase of their concentration in soils
located in roads’ proximity. This process can be observed by
comparing mean platinum concentration in samples of different
types of soil (28, 51):
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258 A. DUBIELLA-JACKOWSKA ET AL.

• Barren lands—0.14 µg/kg,
• Cultivated lands—1.1 µg/kg, and
• Soil coming from area localized in road proximity—

20.9 µg/kg.

Distribution of PGE in soils adjacent to communication arter-
ies is similar to one of other heavy metals emitted from sources
connected to road traffic and shows direct correlation to traf-
fic intensity and road conditions (49, 52–54). Results of PGE
determinations in soil samples prove that Pt, Pd and Rh con-
centrations decrease with distance from communication routes,
while the soil strip characterized by the highest concentrations
of these metals is placed in close distance from the road curb
(0–2 m) (55). PGE content in soils decreases also with sampling
depth (8, 56), which can prove a small migration of PGE in this
environmental compartment (28).

Physicochemical characteristics of soil is of key signifi-
cance for bioavailability, because processes of chemical trans-
formations into easily or poorly available forms taking place
in it decide about further PGE migration routes in the en-
vironment (57). Mobility of PGE mobility in soil depends
on numerous factors, like pH, redox potential, soil salinity.
Mechanisms of transformation of metallic forms of PGM
and their relationship with bioavailable forms relies usually
on:

• Chemical oxidation and complexation reactions by or-
ganic ligands present in soil, and

• Biochemical transformations (with microbial assis-
tance).

It was shown that several naturally occurring organic ligands
influence the bioavailability of platinum and palladium, namely
L-methionine, fulvic acids, humic acids, siderofors (25, 29, 58,
59). The presence of humic acids in the soil leads to platinum
salts immobilization in the forms of poorly soluble organic com-
plexes. Furthermore, organic compounds like EDTA or thiourea
present in the soil influence the Pt and Pd bioavailability incre-
ment by even 50% (27). Besides, as already mentioned, one of
routes of emerging bioavailable forms of PGE is the process of
biomethylation of these elements by bacteria present in the soil
(60–64).

Aqueous Environment
An increased concentration of PGE, related mainly to emis-

sion of these metals from vehicle catalysts, was determined in
collected samples of numerous aqueous ecosystems like atmo-
spheric, surface, sea, ground, drinking waters, sewages and river,
ocean and sewage sediments (1, 87–89) (Table 4). Runoff wa-
ters resulting from atmospheric precipitation are characterized
by relatively high PGE concentration and constitute a second
(after atmospheric deposition) medium enabling transport of
these metals in the environment (62) (Fig. 3).

Knowledge of concentration levels of PGM in atmo-
spheric water samples, particularly in runoff waters from

communication arteries, is of key significance for assessing the
bioavailable fraction amount of these analytes coming from
exhaust gases converters. PGE content in this type of sample
depends on many factors, just to mention a few:

• Distance from emission source,
• Daily traffic intensity,
• Type of sampled road pavement,
• Terrain type in vicinity of communication artery,
• Load of pollutants present in the precipitate, and
• Climatic conditions.

In urban areas PGE transported with runoff waters are
drained into sink basins, dewatering gutters and impound-
ing reservoirs of storm waters. Sewage sediments present in
these types of reservoirs are most often characterized with
much higher platinum concentrations when compared to su-
pernatant waters (even by a factor of 4000) (57, 90). In Ta-
ble 4, there are presented literature data related to concentra-
tion levels of PGE in analyzed samples of waters and bottom
sediments.

Migration of PGE in the aqueous ecosystem depends on
chemical forms of their occurrence as well as on environmental
conditions. The essential parameter reflecting mobility of these
metals compounds is their solubility. Results of studies on the
solubility of PGE present in the grinded catalyst material and
exposed to action of precipitate water of different pH can be
the basis for the statement that platinum and rhodium show the
greatest mobility in a strongly acidic environment (pH = 1)
(28, 57, 91). However, results on solubility of palladium present
in road dust prove that in the presence of precipitate water of
low pH (pH = 3) 30% of this metal becomes mobile form. Un-
der natural conditions, when pH of precipitate water is within
the range 5–8, platinum does not dissolve. Thr presence of salt
(NaCl) in samples of rain water has only slightly influenced
the mobility of platinum (57). These results show that seasonal
variations of atmospheric waters content (e.g., due to appli-
cation of deicing salts) don’t influence platinum and rhodium
solubility.

PGM can also form complex bonds with organic matter
present in waters (e.g., palladium shows affinity to fulvic acids
similar to one of mercury and copper). Results of studies
conducted prove the thesis that dissolved organic compounds
present in water stabilize both palladium (92) and platinum (63)
by binding them in the form of complexes. Due to a lack of
complexing substances, the dominating form of palladium in a
wide pH range is Pd(OH)2, while in the presence of chloride
ions, the dominating form is a mixture of chlorides and chlo-
ride and hydroxychloride complexes (e.g., PdCl2, [PdCl4]2−,
[PdCl3(OH)]2−). Relatively strong complexes are also formed
by rhodium ([RhCl6−x(H2O)x]x−3, where 0 ≤ x ≤ 6) and plat-
inum ([PtCl5(OH)]2−) (92–94).

Results of studies conducted under laboratory conditions
showed that in water reservoirs PGE undergo partitioning
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TABLE 4
Literature data on determined PGE concentration levels in samples of water and sediments [2].

Characteristics of Concentration
sampling place

Sampling place/date surroundings Pt Pd Rh Literature

Sea water
Pacific Ocean — — 40 pg/L — (95)
Pacific Ocean — 150 pg/L — — (96)
Menai Straits

(Indian Ocean)
(1986)

depth 6 m 37 pg/L — — (97)

Depth 2000 m 154 pmol/L
Indian Ocean Depth <500 m 74 pg/kg — — (98)
Indian Ocean Depth <500 m 55 pg/kg — — (99)
Baltic Sea — 2.2 ng/L — — (100)
California Coast Surface layer 100 pg/L — — (101)

depth 4500 m 250 pg/L

River water
Rhine, Schwarzach

(Germany)
— — 0.4 ng/L — (102)

Germany — 0.22–0.64 ng/L — — (103)
Göteborg (Sweden) Close to parking lot — 10.2 ng/L — (10)

Drinking/ground water∗

Liverpool (England) — 58.5 pmol/L — — (97)
Germany — 0.1 ng/L — — (103)
Germany∗ 3–38 ng/L — — (103)
Anglia 0.2 µg/L — — (104)
Germany Place distant from road

traffic
1.0 × 10−4 ng/g−1 — — (81)

Germany Precipitation water 1.4–74.5 ng/L — — (103)
Germany Precipitation water <5 ng/L <5 ng/L (105)
Germany Precipitation water,

place distinct from
road

8–17 × 10−5 ng/g — — (81)

Germany Street runoff waters 15–1600 ng/L
xṡr–117 ng/L

— — (106)

Germany Street runoff waters (at
the end of rainy
period)

2 ng/L — — (106)

Atmospheric waters
Grenlandia, Alps Snow 0.0008–2.7 pg/g — — (12)

(107)
Mont Blanc Snow, ice 0.08–0.62 pg/g 0.01–16.9 pg/g 0.0005–0.39 pg/g (108)

Sewage waters
Germany

(1994–1995)
Raw sewage — — (109)

Arid period 8.1–41.8 ng/L
Rain period 10.3–91.7 ng/L

(Continued on next page)
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260 A. DUBIELLA-JACKOWSKA ET AL.

TABLE 4
Literature data on determined PGE concentration levels in samples of water and sediments [2]. (Continued)

Characteristics of Concentration
sampling place

Sampling place/date surroundings Pt Pd Rh Literature

Secondary sewages
Arid period 4.4–9.2 ng/L
Rain period 8.2–12.4 ng/L

Germany Hospital sewages — — (110)
Day time 110–176 ng/L
Night time 38 ng/L

Sediments
Sweden River sediment (city

area)
4.8–15 ng/g — 2.5 ng/g (111)

Mölnda River,
Göteborg
(Sweden) (1998)

— — 13.9 ng/g 0.67 ng/g (112)

Mölnda River,
(Sweden) (1999)

— 53.9 ng/g 38.7 ng/g 9.4 ng/g (113)

Boston Harbour
(USA)

1987 4.2 ng/g 19.93 ng/g — (114)

1993 4.62 ng/g 3.24 ng/g
1996 3.75 ng/g 4.22 ng/g

Stour River,
(England) (1999)

River sediments from
road runoffs

<0.29–4.42 ng/g 0.08–5.71 ng/g <0.11–0.26 ng/g (115)

Australia River sediments from
road runoffs

9.03–103.80 ng/g 5.41–61.2 ng/g 1.59–17.2 ng/g (116)

between aqueous phase (fraction of diameter less than 0.45
µm) and solid phase (fraction coagulated and fraction with di-
ameter greater than 0.45 µm, adsorbed onto solid particles of
the sediment). With increasing salinity level and chloride ions
concentration, the process of palladium and rhodium adsorption
on surfaces of sediment samples also increased in opposition to
platinum, whose content in the solid phase was decreasing (25,
92). Studies on the adsorption/desorption process were also con-
ducted by introducing bottom sediment into a river water sam-
ple spiked with a known amount of platinum, palladium and
rhodium. It was stated that after reaching an equilibrium state
PGE mobility increased in the following order: Pt < Rh < Pd.
Furthermore, adsorption level of metals on sediment material
differed depending on analyte chemical form; inorganic com-
plexes were more easily sorbed when compared to complexing
with organic matter (25, 92).

Plant Organisms
Plants constitute the first link of the human food chain and for

this reason learning about the possibility of plants assimilating
PGE from soil and the level of their accumulation in particular
plant parts is important in terms of human health.

The assimilation of heavy metals immobilized by organic
matter contained in the soil takes place mainly due to the pres-
ence of complexing agents present in plants’ root systems. Avail-
able literature data prove that PGE (most particularly Pd) are
transported from soil to plants by roots due to binding with
large mass molecules containing sulphur (64, 117). The process
of PGE accumulation takes place first of all in vegetative parts
of plants and decreases in the following order: roots > stalks >

leaves. Furthermore, greater amounts of PGE accumulate in the
surface layer of underground parts of plants (25, 50, 118). The
type of plant species is also not meaningless—bifoliate plants,
due to better developed vascular transport systems, are capa-
ble of assimilating and accumulating greater amounts of metals
when compared to monofoliate plants (119).

Results of studies of samples of plants (cress, spinach, net-
tle) cultivated on soil collected from highways shoulders show
that palladium is characterized with the highest bioavailability,
followed by rhodium and platinum (25, 64, 118). Determined
coefficients of bioaccumulation (defined as the ratio of element
concentration in plant material to its concentration in soil at
the habitat of a given plant) place PGE between metals poorly
available and medium available for plants (with mobility close
to Cu and Ni) (118, 120). Also, the chemical form influences
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availability of PGE by plants. In the case of platinum the most
poorly assimilable form is metallic platinum; PtCl4 is more
easy assimilable while complex Pt(NH3)4(NO3)2 is most easily
assimilable (57).

Not only land plants but also aquatic plants show the ability
to accumulate PGM. The concentration of PGE in water hy-
acinth (Eichhornia crassipes) was increasing with increments
of these metals’ concentration in broth. Just like for land plants,
toxicity of PGE depends on their chemical form and increases
in the following order Rh (III)�Os (IV)∼Pt (IV)<Ir (III)∼Ru
(II)∼Ru (III)<Pd (II), Pt (II) (121).

The presence of PGE is being observed mainly in plants
growing in areas in the vicinity of busy streets and highways.
Results of studies conducted on moss samples (122) and grass
collected a few tens of centimeters from the road shoulder
(81) prove that one of the main sources of platinum emis-
sions to the environment are catalysts, as the correlation be-
tween amounts of cars equipped with gas converters and plat-
inum concentration increments in plant material samples was
observed.

High PGE concentration levels in studied plant samples are
not only the result of assimilating metals from the soil or wa-
ter but also result from sedimentation of these pollutants on
plants’ surfaces. Results of studies relying on verification of
high PGE concentration levels in plants do not lead to equivocal

conclusions: in several works there were observed 2–3 times
lower PGE content after washing sampled plant material while
in other works the results were presented where concentration
of these metals in cleaned plant samples has not changed (55,
120, 123).

Summing up presented literature information it can
be stated that the toxicity of PGM coming from road
transport, related to plants, depends on the following
conditions:

• Metal concentration in soil,
• Exposure time,
• Chemical form of the metal,
• Soil chemical composition, and
• Plant species.

In Table 5 there are presented selected literature data on PGE
concentration levels in plant material samples.

Animal Organisms
Data dealing with the toxic effects of PGE on animal organ-

isms under natural conditions are very fragmentary. Most of the
literature information on toxicity of PGE toward animals comes
from experiments conducted in the laboratory. Basic knowl-
edge on concentration levels of PGE in animal tissues and toxic

TABLE 5
Literature data on PGE content in samples of plant material collected in areas characterized with high traffic intensity

Concentration (ng/g)

Type of plant material Sampling place/date Pt Pd Rh Literature

Grass Poland (2000–2001) 8.98 ± 0.39 3.20 ± 0.23 0.68 ± 0.18 (74)
8.27 ± 0.83 0.63 ± 0.07

Grass Germany 2.9 — — (124)
Grass Belgium 1.4–1.7 — — (117)
Grass Germany 0.14–0.29 — — (81)
Bark England 0.1–5.4 1.6–3.2 <0.05–1.8 (125)

Średnia 1.5 Średnia 2.1
Pine, birch, grass Germany (1995–1996) 12 2 2 (126)
Pine’s needles Italy (2000) 1–102 1–45 — (127)
Tomato (peeled) Germany 0.10 — — (81)
Carrot Germany 0.31 — — (81)
Cabbage Germany 1.1 — — (81)
Lettuce Germany 2.1 — — (81)
Celery Germany 1.3 — — (81)
Onion (peeled) Germany 0.03 — — (81)
Dandelion Germany (1999) 5.4–30 0.83–1.5 2.0–7.0 (128)
Greater plantain Germany (1999) 3.6–10.1 0.45–2.1 1.1–3.4 (128)
Mushrooms Germany (1999) 5.9 ± 0.6 0.2 ± 0.1 0.5 ± 0.1 (128)
Moss Germany (1999) 30 ± 2 2.4 ± 0.3 5.4 ± 0.5 (128)
Ryegrass Germany (1999) 4.6–5.8 0.10 ± 0.3 2.1–2.2 (128)
Ryegrass Germany 1.5 — — (129)
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effects of exposure to these metals is insufficient in order to
assess toxic potential of PGE in relation to human organism.

Platinum was stated to be present in organisms of molluscs
(Lumbricus terrestris and Lumbricus rubellus) habituating the
shoulder of fastways (120, 130). Furthermore, it was stated
that PGE adsorbed on sediment particles can be assimilated by
organisms feeding at the bottom of water reservoirs, such as bi-
valves (Dreissena polymorpha) or crustaceans (Asellus aquati-
cus), while Pd is the most easily available element, followed by
Pt and Rh (25, 160).

It was also proved that aquatic organisms are capable of as-
similating PGE from environmental samples (tunnel dust, road
dust, bottom sediments). It was observed that the accumulation
degree of metals increases with analyte and exposure time in-
crements as well as being dependent on water chemical compo-
sition (113, 120, 131). Furthermore, bioavailability of platinum
coming from bottom sediments was stated to be greater than
one of platinum from road dust (25, 113). Results of studies of
the palladium bioaccumulation coefficient (defined as the ratio
of palladium concentration in tissue to the concentration of road
dust) in relation to bivalves (Dreissena polymorpha) showed
that it is only 3 to 10 times lower than for other metals like Pb,
Sb, Cd or Fe (176). Results of similar studies conducted with the
use of crustaceans (G. pulex) showed that the platinum bioaccu-
mulation factor is of the same level as for zinc (33). The ability
to assimilate PGE [salts (Pt (IV) and Rh (III)] by fish was as-
sessed with the application of European eel (Anguilla anguilla).
Elevated platinum and rhodium concentration in tissues where
normally heavy metals accumulate was observed; these tissues
are liver, intestines, kidneys, and gills (120, 133, 134). Further-
more, it was stated that European eels are able to accumulate
palladium present in road dust. This metal was found in the liver,
while it was not detected in the kidneys of organisms exposed.

The ability to bioaccumulate platinum and rhodium in organ-
isms of parasites (Paratenuisentis ambiguus) of European eels
exposed to catalysts feed was also assessed. 50– and 1600-fold
increases of these metal concentrations were stated in parasite
tissues when compared to water samples. In host organisms PGE
accumulation was not observed which can prove that parasitic
organisms are a good bioindicator of accumulation processes of
these elements.

A significant influence on assimilability of noble metals
present in waters is also due to the presence of humic sub-
stances. Results of studies conducted on bivalves (Dreissena
polymorpha) show that the presence of humic substances re-
sults in increased solubility of Pd and Rh in water while solu-
bility of Pt decreases in such conditions. Despite the fact that
Pd is the most easily assimilable element in this group, in the
presence of humic acids it forms more heavily available com-
plex compounds with fulvic acids, which results in reducing its
assimilation by water organisms. Platinum, however, binds to
a biologically available fraction of humic substances, thus its
compounds are very easily absorbed by animals and undergo
accumulation in their tissues (29, 120, 132).

PGE accumulation in organisms of higher trophic level can
lead to an increase of these metal concentrations in higher or-
ganisms (birds, mammals). Analysis of blood, liver, kidneys,
droppings, eggs and feather samples of peregrine falcons (Falco
peregrinus) can prove the thesis about PGE’ environmental con-
centrations increments and their ability to bioaccumulate in
animal tissues (120, 135). PGE were also assessed in feath-
ers of gyrfalcons (Falco rusticolus), eurasian sparrow hawks
(Accipiter nisus), willow ptarmigans (Logopus logopus) and
house sparrows (Passer domesticus). Results obtained were of
the same magnitude in all samples, which results mainly from
the common presence of vehicles and birds travelling for long
distances in search of food. Furthermore, it was observed that
only palladium was penetrating the feathers, while platinum and
rhodium were adsorbed on their surfaces (25, 136).

In studies dealing with platinum and palladium bioavailabil-
ity to rats type CD-1 (Charles River), model solutions of these
metals were applied orally, intravenously, tracheally and by in-
halation. After several months of exposure, platinum and pal-
ladium were detected in many organs, mainly kidneys, livers,
spleen, suprarenal glands, lungs and bones. After oral appli-
cation of PtCl4 and PdCl2, the bioavailable fraction of these
metals constituted approximately 1% of the total applied dose
(120, 133, 134). The accumulation of car catalysts’ derived plat-
inum was also studied in tissues of female rats of Lewis-type
by applying model solutions with molecules similar to those
emitted by car catalysts. Application of metal was by inhaling
or by intratracheal instillation . Platinum content assimilated by
inhaling appeared to be greater then by intratracheal instillation
and after 90 days constituted over 30% of the total dose (137).
In Table 6 available literature data on PGE concentration levels
in animal tissues samples are presented.

INFLUENCE OF PGE ON HUMAN HEALTH
Currently there are only a limited number of works devoted

to studying environmental exposure to PGE by assessing their
content in tissue and biological fluid samples of human origin.
The majority of the articles deal with toxicity of pharmacolog-
ical products containing PGE, as well as professional exposure
(25).

It is believed that PGE emissions from car catalysts at cur-
rent levels do not threaten human health and life. However, due
to PGE ability to undergo accumulation in living organisms’
tissues the negative impact of these metals as a result of direct
contact with road dust, inhaling solid particles (that constitute
approximately 30% of all particles emitted from vehicle cata-
lysts (10)) as well as by food and drinking water can not be
totally excluded (141, 142).

PGE concentration increments were observed both in biolog-
ical fluids of people professionally exposed and in people en-
demically exposed (exposure related to contact with particular
environmental compartments). For this reason it is very impor-
tant to assess the threat posed to human health resulting from the
presence of these elements in the workplace and monitor PGE
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TABLE 6
Literature data on PGE concentration levels in animal tissue samples (1, 138)

Concentration (ng/g)

Sample type Sampling place/data Pt Pd Rh Literature

Crustaceans tissue (Asellus
aquaticus)

Sweden (urban area) (1999) 38.0 ± 34.6 155.4 ± 73.4 17.9 ± 12.2 (113)

Crustaceans tissue (Asellus
aquaticus)

Sweden (urban area) 0.04–12.4 (131)

Bivalves tissue (Dreissena
polymorpha)

Austria (area in highway’s
proximity)

0.1–0.5 1.0 (132)

Peregrine falcon
(Falco peregrinus)

Sweden (135)

Feather 1986–2000 0.5 1.4 0.3
Blood 1995–2001 2.7 0.8 0.6
Eggs 1992–2000 0.4 0.5 0.3
Faeces 1997–2001 0.2 — —
Liver 1985–1995 0.2 0.7 0.5
Kidneys 1985–1995 0.2 0.3 0.3
Eel’s liver (Anguilla anguilla) Germany (individual living in water

polluted by road dust) (0.1 g/L of
dust)

0.18 ± 0.05 (139)

Fish tissue (Barbus barbus) Hungary 0.1–0.4 0.3–7.0 0.1–2.0 (140)

levels in areas where their introduction to the environment takes
place. PGE released to the environment initially concentrate in
the suspended matter, road dust, soil, water and sediments, and
then can undergo accumulation in tissues of living organisms.
Metallic forms of these elements generally do not participate in
reactions occurring in organisms, contrary to soluble PGE com-
pounds which are responsible for the occurrence of numerous
diseases. The presence of PGE in organisms can cause disease
symptoms like (141, 143):

• Asthma,
• Miscarriages,
• Allergic reactions,
• Nausea,
• Loosing hair,
• Skin diseases,
• Mucous membranes irritation, and
• Other serious health disorders.

Among PGE, platinum exhibits the strongest toxic action
toward living organisms (its excess in organism is bound by
proteins) (57, 143). Toxicity of this element is related to its
oxidation state and electron structure (57). Particularly toxic is
small group of platinum compounds containing active substi-
tutes with chlorides being the most toxic ones. The frequency
of allergic reactions appearing due to the presence of platinum
salts increases with the number of substitutes containing Cl−

ions, while the strongest allergens in this group are:

• hexachloroplatinic acid (IV),
• ammonium and sodium hexachloroplatinate (IV), and
• sodium and potassium tetrachloroplatinate (II).

Furthermore, long term exposure to platinum can cause ane-
mia and kidney failure (119, 143).

It was stated that palladium and rhodium content in chil-
dren’s urea samples is strongly related to traffic intensity, while
this dependence was not observed in the case of platinum (3).
Higher PGE concentration levels were assessed in adults’ urea
samples (46, 144) when compared to this metal content in chil-
dren’s urea samples. Not statistically relevant differences were
observed between platinum concentration in biological fluid
samples of the policemen control group (office workers) and the
group potentially exposed to vehicle exhausts (road policemen)
(144). No differences were noted for iridium and platinum con-
centrations in biological fluid samples of people living in urban
and suburban areas (145, 146). There was a significant differ-
ence in platinum and rhodium concentrations in urea samples of
people living in urban areas exposed to intense road traffic when
compared to Pt and Rh content in urea samples of people living
in suburban areas (147). Furthermore, results of studies indicate
that in biological fluids there can be observed a higher palla-
dium and rhodium content than of platinum which can be basis
for the statement that these metals are characterized by higher
bioavailability. The increment of platinum concentration in tis-
sue with age increment shows that its accumulation in internal
organs is a natural consequence of an organisms’ exposure to
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TABLE 7
Literature data on PGE concentration in human urea samples

Concentration (ng/L)

Group examined Pt Pd Rh Ir Literature

Tram drivers (n = 64) 1.231,4 11.471,4 19.161,4 — (2)
Control group (n = 58) 1.031,4 8.751,4 11.181,4

Children in age 6–10 years (urban and
suburban areas) (n = 310)

0.9 ± 1.11,4 7.5 ± 5.4 1,4 8.5 ± 8.01,4 — (3)

<0.03–9.5 0.1–28.9 1.4–38.6
0.92 8.82 8.92

1.1 ± 1.11 9.6 ± 5.11 10.5 ± 6.91

Policemen: 0.2–15.29 — — — (144)
- Office (n = 49) 4.56 ± 2.841

- Road service (n = 94) 0.28–13.67
4.45 ± 2.421

Hospital’s drugstores personnel (n = 86),
scientific workers (n = 12), mechanics
(n = 13), bus drivers (n = 29), taxi drivers
(n = 10)

6.5 ± 6.41,4 — — — (46)

4.32,4

453,4

<204 (in case of
96% of donors)

Road workers (n = 15) 0.1–4.4 9.5–133.7 — — (147)
Control group (n = 17) 0.3–2.2 13.1–48.3
People of age range: 23–88 lat, 0.24–3.11 1.99–17.2 0.53–14.8 — (145)
Low traffic intensity (n = 100) 1.091 7.451 5.321

0.522 6.022

High traffic intensity (n = 157) 0.49–8.13 0.71–17.0 3.502

2.431 7.671 4.10–38.6
1.702 7.792 15.311

12.852

Tram drivers (n = 64) — — — 1.14–53.2 (146)
13.8 ± 15.71

6.602

0.56–49.74

9.2 ± 10.31,4

4.442,4

Office workers (n = 58) 2.00–38.6
13.4 ± 10.81

9.832

1.06–35.24

11.2 ± 8.721,4

7.322,4

∗n- donors number, 1 mean value, 2 median, 3 maximal value, 4 ng/g−1 of creatinine

this metal. In Table 7 there are presented available literature data
on PGE concentration levels of anthropogenic origin in human
urea samples (25).

Issues connected with PGE action on human organ-
isms, both of professional and environmental exposure, are
more widely described in the review literature (20, 138,
148).

ANALYTICAL PROBLEMS OF PGE DETERMINATION IN
ENVIRONMENTAL AND BIOLOGICAL SAMPLES

Due to the differentiated application of PGE there is an in-
creasing necessity to assess the content of noble metals in a wide
spectrum of samples (environmental, biological, industrial, and
pharmaceutical). A reliable determination of these analytes in
environmental samples is a difficult and complex task from an
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TABLE 8
Problems and challenges of PGEs analytics in environmental samples

Problem Description Advised solution

• Seasonality of atmospheric
precipitation occurrence

• Average number of rain days with
>1,0mm along Gdañsk Gulf equals
app. 100 days annually

• Longer monitoring period
• Collecting samples in many

locations in amount indispensable
for basic statistical evaluation• Average number of days with

snowfalls equals over 50 days
annually (north-eastern part of the
country)

• Influence of sampling devices
construction material and ware
applied in PGEs analytics as well as
sampling and preservation methods
on their chemical composition

• Possibility of occurring processes
like: wall memory effect, wall
adsorption/desorption,
cross-contamination effect, secondary
contamination effect, permeation via
sampler/ware walls

• Applying samplers and ware build
of proper materials (borosilicate
glass (152, 153), polystyrene
(154))

• Proper sampling technique
(representivity of sample)

• Proper technique of sample
preservation (applying reagents of
high purity grade) (56)

• Ultra-low analytes concentration
levels

• Complex chemical properties of
PGEs

• Specific content of samples matrices
• Possibility of interferences

occurrence with other constituents of
samples, that show similar
physicochemical properties and/or are
present at higher concentration levels

• Significant time dependant variability
of analytes concentrations, what is
related to their tendency of
undergoing hydrolysis, interactions
with other constituents and walls of
ware, transformations during storing
and preparing samples of high
dilution factor

• Low reactivity of PGEs toward many
reagents (necessity of applying drastic
conditions and/or long reaction time)

• Derivatization of analytes (e.g.,
into chlorocomplex forms)

• Using proper techniques of
analytes separation from other
constituents of sample and
effective preconcentration
techniques (64, 158)

• Running reliable optimization of
conditions of running process

• Difficulty of assuring proper
reliability level of result of
measurements as a source of
analytical information

• Lack of proper reference materials
indispensable to validate applied
analytical methods

• Applying sensitive and specific
determination techniques

• Obeying specific restrictions
connected with trace analytics• Inconvenience of calibrating

analytical devices with application of
solutions with low analytes
concentrations (possibility of over
and underestimating of analytes
concentrations)

• Insufficient sensitivity of measuring
devices (too high LOD)

• Possibility of high inaccuracy of final
results

analytical point of view. In Table 8 there basic problems and
challenges connected with analytics of this group of analytes in
environmental samples and suggested ways to make it possible
are presented. Issues dealing with problems of sample prepara-
tion and analysis of environmental and biological samples for
PGE content are described in more detail in reviews and original
literature (6, 149–154).

Techniques of Collecting, Storing and Preservation of
Environmental Samples for PGE Content Determination

Results of analysis of environmental samples are a valuable
source of information on the content of bioavailable forms of
PGE (from anthropogenic sources) in the environment. An in-
credibly important issue is the reliability of results obtained,
depending mainly on preserving good laboratory practice con-
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ditions and first of all on representativeness of the sample col-
lected. It is essential to control important sampling parameters
of this group of samples such as:

• Localization of sampling points,
• Weather conditions,
• Choosing a proper sampling device,
• Proper way of preparing the sampling device, and
• Proper mass and preservation of collected samples.

Environmental samples, devoted to conducting analytical
studies aiming at determining PGE concentration level, are col-
lected mainly in areas directly exposed to their action (fastways,
highways, and urban areas) and from adjacent areas (roads with
lower traffic intensity and areas with low urbanization level).
The following factors should be considered when planning the
sampling campaign:

• Road conditions (different vehicles velocities),
• Terrain shape,
• Weather conditions (wind direction and frequency of

atmospheric precipitation),
• Sampling data (considering high PGE concentration

in runoff water samples in initial state of atmospheric
precipitate—“first flush”), and

• Depth of sampling (in case of soil, surface waters and
snow).

Due to the specification of PGE determination procedures
(a necessity of preconcentration of analytes in samples consid-
ered) and the possibility of uneven distribution of analytes in a
given object (samples of soil, road dust, snow), it is necessary
to properly sample large volumes/masses. The most common
way of sample preservation is acidification with high purity
chemicals.

Devices applied for sampling should be carefully chosen
with special attention paid to the specificity of sampled medium.
Review of construction solutions of samplers applied to collect
atmospheric, runoff and surface water samples are described in
literature (155–157). It is extremely important to apply proper
surface preparation both for devices applied for sampling and
during the next stages of analysis. Cleaning procedures most
often cover:

• Washing with detergent containing water,
• Multiple flushing with deionized water,
• Flushing with acid solutions (HCl, HNO3), and
• Multiple flushing with deionized water.

After delivering to the laboratory, samples should undergo anal-
ysis as soon as possible, preferably the same day because longer
storage leads to analytes losses (e.g., due to adsorption on ware
walls).
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