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1. Introduction

The aim of industrial development, especially during the
19-20" century, was to produce sufficient goods to supply
the increasing demand without paying much attention to
the long-term effects of the wastes released, into the at-
mospheric, aquatic and terrestrial environments. The in-
ability to landfill (mineral) wastes has been one of the
most significant factors related to factory closures, in-
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evitably leaving some legacy of toxic wastes [1]. The pat-
tern of contamination is characterized not only by local
highly-concentrated sites such as toxic waste dumps and
mine tailings, but also by lower-concentrations of con-
taminants dispersed over the landscape, including sed-
iments in rivers, lakes and estuaries as well as soil in
pastures and forests [2]. Therefore today, contamination
is perceived as a widespread problem of varying inten-
sity and significance. It is widely recognized that radical
risk control, such as cleaning up all sites to background
concentrations or to levels suitable for the most sensitive
land use, is neither technically nor economically feasi-
ble. Although the need for policies to protect soil and
groundwater is recognized, strategies for managing con-
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taminated land have moved towards a fitness for use ap-
proach [3]. According to Hursthouse [4], the risk posed
by higher concentrations of trace elements in soils, sedi-
ments or other particulate sample media depends strongly
on the ability of the contaminants to migrate into the envi-
ronment through different possible pathways (i.e. environ-
mental compartments, due to favorable pH-Eh conditions,
low acid neutralizing capacity or base neutralizing capac-
ity, low organic carbon, clay composition, etc. ..).

To study the industrial impact on the environment, ex-

L

Diffuse
pollution
(traffic)

ploration geochemistry serves as an instrument, providing
the fundamentals, which consist of: 1. a conceptual model
for an appropriate sampling design; 2. sampling types;
3. sample analysis; and 4. interpretation of results [5, 6].
The aim of the present literature review is to summarize
the appropriate sampling design by means of a concep-
tual model and some sampling types that can be used to

assess the contamination in a present or former industrial
site.

Figure 1. Block diagram showing an industrial plant (A), stalk emissions composed of fine and coarse dust particles (B), solid wastes (C) released
and dumped in the immediate vicinity of the industrial site and waste waters (D) discharged into the river system. Additionally the
different sampling media soils (E: profile, F: top soils, in regular grid); active stream sediments (G); overbank (H); dust (l), vegetation
(M) and surface water (N) and groundwater (J) are also indicated. (K) illustrates the sampling of composite samples for top soils, while
(L) illustrates the diffuse pollution caused by car traffic along roads.
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2. Sampling design

Three types of wastes are generally released from indus-
trial activity: gasses, waste waters and solid waste. In
Figure 1, a conceptual model illustrates an industrial in-
stallation and the different waste release pathways. These
releases can occur together, or they can occur as stan-
dalone depending on the employed industrial process. The
scope of a sampling design can vary widely, but generally
for an industrial contaminated site it can be summarized
as follows: a) characterize the nature and extent of the
contamination in a specific site; b) identify the location
of ‘hot spots’ and/or delineate the plume; c) assess the
mobility of contaminants; d) monitor trends in environ-
mental conditions or indicators of health; e) support the
decision whether contamination levels exceed a thresh-
old of unaccepted risk [6]. A complete sampling design
should indicate the total number of samples needed to be
collected in a certain area under specific conditions (i.e.
distance from a contamination source, geographical loca-
tion, season, time, and so on) to characterize the spread
of the contamination.

A well-planned sampling design is intended to ensure that
the collected samples are adequately representative for
the scope of the study. Throughout the sampling design
process, the efficient use of time, money, and human re-
sources are critical considerations to be applied. A good
sampling design should meet the needs of the study with
the minimum expenditure of resources [6, 7]. An important
notion for sampling design is the conceptual model, since
this will help to develop an accurate model to assess the
potential hazard(s). The conceptual model describes the
expected source of the contaminant in the area of concern,
the aerial and vertical distribution of contaminants, iden-
tifies the relevant sampling media and the relevant fate
and exposure pathway(s) to be considered.

2.1. Types of sampling design

To improve the quality of the information obtained from en-
vironmental samples, several types of sampling design can
be applied [6]. This section will describe each sampling
design and provide useful information on the applicability
as well as advantages and pitfalls.

2.1.1.  Systematic and grid sampling

A present- or past-contaminated industrial site can be
subdivided into reqular latitude and longitude sam-
pling intervals over an area (grid sampling) or reqular
time/depth intervals (systematic). The systematic sam-
pling can refer to the sampling of water samples at reg-
ular intervals, or to estimate the spatial trends over time

(depth). Initially, the first sampling spot is related to an
identification spot and thereafter the remaining sampling
sites are specified so they are located according to a reg-
ular pattern [8]. The samples can be collected in one, two,
or three dimensions if the population has a spatial com-
ponent. Grid design can vary in shape, orientation and
selection criteria for the initial grid node.

The reqular grids generally refer to soil/sediment surfaces
with a certain shape such as square, rectanqular, triangle
or radial grids (star pattern). This design provides a uni-
form coverage of a site or location. In the case where a
plume or a waste discharge has to be delineated, the se-
lection of a rectangular or trianqular grid can be the most
appropriate, so the samples to be collected are already
pre-designed thus a uniform coverage of the site or loca-
tion is ensured. This type of design can be implemented
with little or no prior information on the site itself, but in-
formation on the total area to be covered and the number
of samples are essential before the sampling is initiated.
The grid sampling can be of great value, especially in
geostatistical studies.

2.1.2. Composite sampling

This type of sampling indicates the physical combination
and mixing of selected sampling units in the field in an
effort to form a single homogeneous sample [9]. This sam-
pling methodology can be very cost effective since it will
reduce the number of analyses to be performed. However
it is important to keep in mind that the sample collec-
tion will require more time than a grid sampling since the
mixing process requires that at least the visual charac-
teristics (such as grain size, color, iron content, organic
content and so on) of the samples are similar, so their
geochemical signatures will be alike. The composite sam-
pling can also be combined with the grid sampling and in
the pre-defined sampling spots, composite samples can be
collected.

2.1.3. Simple random sampling

This type of sampling design is selected when: 1. infor-
mation on the contaminated site is absent so the study is
in a reconnaissance phase; 2. no major patterns of con-
tamination or “hot spots” are expected. The main advan-
tage of this sampling design is that it provides unbiased
estimates of the mean, proportions and variability; it is
easy to implement; and data analysis is very straightfor-
ward [6]. This sampling can be used interchangeably for
contaminated sites or for the observation of general trends
in exploration geochemistry.
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2.1.4. Stratified sampling

This type of sampling is selected when patterns or in-
formation such as contaminant spreading, geological sub-
strate, prevailing wind direction, soil/sediment are known
from pre-existing information or expert judgment. The ad-
vantage of this sampling design is that it yields more in-
formation and it is easier to group the data on certain
common patterns based on pre-existing information, it also
allows a reliable estimate for population subgroups to be
made. This type of sampling can be generally used for
surface or deep profile pattern characterization when the
grouping of the different populations facilitates the sam-
ple collection and the later interpretation' [6]. The pre-
requisite for this sampling type is that prior knowledge
of the population is required in order to effectively define
the sampling strategy.

2.1.5. Judgmental sampling

Expert judgmental sampling is generally used for areas or
sites that have been already investigated in detail. A fur-
ther investigation will aim to address particular features
or investigate in detail some of the previous results. In this
case, the judgment of an expert on where to sample, what
to sample and how to sample is crucial [6]. This type of se-
lective sampling can be applied for example to investigate
the relation between two (or more) types of samples e.g.
soil-sediments; dust precipitation-vegetation; sediment-
contaminant availability due to the contact with water;
and so on, as shown in the study of Niskavaara et al [10].

3. Investigating local background
samples

Forster et al.[11] identified the sampling of a contaminated
site as the key element of the overall quality in the eval-
uation of potentially contaminated sites. The collection of
historical information about the site and the potential for
the presence of contaminants before the sampling is car-
ried out helps in defining accurately the main objectives of
the investigation. A further step consists in a preliminary
sampling in order to make an estimation of the contam-
ination levels and design the main sampling campaign.
The results from this reconnaissance study will allow the
design of a conceptual model and the planning of the de-
tailed investigation [6, 12].

1 Shtiza et al, 2005

3.1. Local background concepts

Before introducing the background sampling strateqy, a
review of the different concepts with regard to the way
local background concentrations are defined is necessary
in order to avoid possible confusion with respect to natural
concentrations and pollution. The concepts of background,
threshold and anomaly will be addressed, in order to grasp
the evolution, similarities and differences with respect to
their use in exploration geochemistry and environmental
geochemistry.

The term “geochemical background” was introduced ini-
tially by exploration geochemists. Background is the
normal abundance of an element in earth material and
should be considered as a range rather than an abso-
lute value [13] These authors introduced another con-
cept to discriminate between normal and anomalous ele-
ment concentrations. By definition a geochemical anomaly
is a deviation from the norm (the geochemical patterns
which are normal for a given area or the geochemical
landscape). Moreover, to distinguish between background
and anomaly, the term “threshold” was introduced. The
threshold is the upper limit of normal background fluctua-
tion according to Hawkes and Webb [13], while according
to Garrett [14] threshold is the outer limit of background
variation. In the dictionary of “Environmental Science and
Technology”, Porteous [15] defines the background concen-
tration as: “If the environment in a particular area is pol-
luted by some substance from a particular source, then the
local background level is the concentration, which would
exist without the local source being present”. In the case of
pollutants which are entirely anthropogenic, according to
Hursthouse [4], baseline levels are those at which the mea-
surement cannot detect the presence of the contaminant. A
critical comparative study with respect to the methods for
determining background and threshold values was made
by Reimann et al. [16]. In exploration geochemistry, the
samples which display higher concentrations (known as
outliers), may indicate the mineralization sources, while in
environmental geochemistry, such outliers are most likely
related to the activity of a contamination source. There-
fore, the identification of these sources is of paramount
interest in order to estimate their impact on the surround-
ings. Thus, in environmental studies local background is
defined as “the elemental concentration(s)” before indus-
trialization [16]. However, pre-industrial background data
are not available for every location where industrial ac-
tivity has occurred. Consequently it is often difficult to
correctly assess the real effect of the industrial activity.
Moreover, without a full understanding of the local inter-
action of the contaminants and their ecological impacts,
the derivation of the absolute concentrations is meaning-
less [17]. The strategy for deducing local background sam-
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pling is discussed in detail below.

In the literature, examples where background concentra-
tions are referred to as “action level” or “soil clean-up”
criteria are found for USA [17], Belgium, The Nether-
lands, Denmark, Finland, Canada and Norway [3]. Due
to the high economic implications, the regulatory regimes
are moving towards a risk-based assessment process for
contaminated sites [18]. This is a crucial point for the
“speciation community” as it will drive the development of
appropriate testing systems and stimulate the collection
of data linked to the environmental impact. By apply-
ing speciation criteria to the investigation, the risk-based
approach will allow the development of a more effective
remediation strategy. Based on the cost-benefit analysis,
sampling types and density versus cost in a specific site,
this will provide a more realistic evaluation of the volumes
of material to remediate [4].

3.2. Strategy of defining local background
concentrations

One of the main aims of this review is to separate the sig-
nature between the natural (geogene) and contaminated
(anthropogene) areas. To achieve this delineation, the
deduction of local background concentrations is compul-
sory. In order to determine local background concentra-
tions for major and trace elements in different sampling
media, sampling locations minimally influenced by man
have to be sampled. A summary of the local background
sampling strategy applied in some investigations carried
out in Albania [19-22] and also inferred from literature
follows:

1. To identify local background areas, the study area
has to be screened carefully. This screening is
based on a desk study during which the geological
setting, organic matter, clay content (mineralogy),
climate, relief, hydrogeology, vegetation, prevailing
wind direction, are considered. Thereafter the field
inspection will confirm the strategy designed for
the local background sampling. This allows identi-
fying the possible locations where local background
values might occur. Specific soils are always de-
veloped on specific geological formations, meaning
that high concentrations of heavy metals in resid-
ual soils and related terrestrial sediments might re-
flect a weathering signature of parent material with
soil (sediment) composition [5]. This is especially
relevant for example in soils/sediments developed
above ultramafic substrate as is the case for Alba-
nia [19, 23], New Caledonia [24] and USA [25]. The
residual soils display very high concentrations of
Mg, Fe, Cr and Ni far above the eco-toxicological

levels proposed by Brooks et al.[26]. Therefore if no
consideration is made with regard to the geologi-
cal substrate, soils/sediments with a high content of
specific heavy metals might wrongly be classified as
contaminated. This might result in severe financial
and social implications. Moreover, if different geo-
logical substrates occur within a study area, then
background levels must be determined for the dif-
ferent geological substrates separately, as well as
for the different sampling media [19, 24, 27], since
enrichment and dilution factors have to be taken
into account.

2. To establish “local
ues/concentrations” for a certain sample type
in a study area, an adequate number of samples
have to be collected over a sufficiently large

background val-

area to be able to deduce the geogene (natural)
signature for this sample medium. Therefore local
background concentrations reflect a range rather
than a single value [5, 17].

3. In order to define local background values, the col-
lection of various types of samples in the direction
of downwind transportation must be avoided. This
is due to the fact that contaminated particles are
transported by wind over large distances as shown
in Nriagu et al. [28]; Kim et al. [29], Gosar and
Sajn [30] and Sajn [31], Pacyna et al. [32] and Wil-
son et al. [33]. To infer whether deposition of con-
taminated dust particles has affected the surface
samples, surface soil/sediments as well as entire
profiles, might be considered for further investiga-
tion. If similar concentrations of major and trace
elements occur at the surface and in entire profiles,
then these samples are suitable for the deduction of
local background values indicating that no element
translocation has taken place within the selected
profile and interference by dust can be discarded.

4. The distance between so-called “background area”
and a contamination/pollution source area needs
to be sufficiently large to provide samples where
the influence of pollution is considered to be non-
existent. It is furthermore recommended to avoid
inhabited areas or areas with a high population
density to minimize possible anthropogenic influ-
ences (as described in Horckmans et al,, [27]).

5. It is well known that roads are sources of diffuse
pollution with traffic contributing gases such as
N,O, SO,, CO and CO, [34]. It is also recommended
to avoid roads where raw material or final products
of industrial activities may have been transported
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since contamination is likely to occur [28]. However
it is known that the majority of the habitations are
mainly constructed near the main roads, due to the
facilities they constitute. Thus a buffering zone be-
tween the local background samples and the roads
must be respected as well as the rationale behind it.
Depending on the surface of a study area in general
a distance >100 m from roads might be sufficient
for representative local background samples [27].

6. The collection of local background samples under
vegetation is strongly advised by Horckmans et
al. [27], since the occurrence of an adult popula-
tion of trees normally ensures that the soils have
not been disturbed by human activities, at least for
the life time of the tree. The presence of forests,
which normally act as long-term stable ecosystems,
strongly depends on the specifics of the site (cli-
mate, relief, clay content, pH etc. ..). Plants de-
veloped upon ultramafic formations are known to be
adapted to high concentrations of Cr, Ni and Mg as
shown in Shallari et al. [35]. In contaminated sites
the deposition of dust particles rich in heavy met-
als upon leaves and incorporation within the leaf
structure results in higher concentrations in plant
leaves as shown by Sheppard [36]. Therefore ad-
dition of leaves in autumn/winter to the soils may
result in a supplement of heavy metals especially
in the top soils.

In conclusion, local background values (LBV) reflect the
natural distribution of an element in a certain area. LBV
can be influenced by the geological substrate, human
activities, transportation of dust by the wind according
to prevailing directions, presence of additional anthro-
pogenic sources (urbanization, roads etc. ..). Moreover
LBV do not reflect an absolute value but rather a range
of values and should be differentiated according to the
sampling medium (residual soils, river sediments, over-
bank sediments, dusts, and so on). Thus identification
of LBV is a function of the objective, conditions and the
scale (local or sub continental) of the study area. Despite
these efforts, it must be acknowledged that some or even
all sampling media are possibly influenced to some minor
extent by past or present contamination related to local
point (industry) or diffuse sources such as traffic, urban-
ization, agricultural activities, etc. ...

4. Sampling types

The overall surface area to be investigated, its geograph-
ical position, and absence or presence of different geo-
logical formations mainly influence the sampling strategy.

However, restrictions in the sampling strategy might be
the costs involved, time for the investigation and area to
be investigated [7]. Due to the different discharges gener-
ated from industrialized factories (Figure 1), the air, biota,
aquatic and terrestrial (i.e. soils and sediments) compart-
ments are the most vulnerable in an ecosystem. Mobility
is defined as the ease with which an element can move
within a specific environment [5] and it depends primarily
on factors such as: speciation of a trace element, pH, Eh,
CEC, acid/base neutralizing capacity (ANC/BNC), clay
content, etc. These factors are responsible for the mobi-
lization of the metals from the solid into the aquatic phase
and hence transport within the immediate vicinity, hav-
ing an impact on the rate of dispersion, dilution, uptake
and transfer into living organisms [4]. In Figure 1, the
main pollution sources, discharges and migration path-
ways into the different compartments of the environment
are illustrated. The advantage of sampling different media
(L.e. soils, active stream sediments or overbank sediments,
water, dust, vegetation) is that covers the different mo-
bilization pathways by which the contaminants may be
transported within an industrial area. The environmental
impact of heavy metals in soils, sediments and other sam-
pling media depends on the chemical speciation of the
heavy metals and the matrix response to biological and
physico-chemical conditions.

4.1. Soil samples

Soil has been defined as the product of weathering which
generally remains in situ above the weathered parent rock.
Soil is subject to anthropogenic processes and to the input
and/or disturbances from contaminants [4]. The presence
of so-called “hot spots” might be recognized in soils by
the lack of vegetation due to the disposal of waste mate-
rials. In Nortcliff [12], a “hot spot” is defined as an area
of extremely high contamination (pollution) within a site
that is generally contaminated. Moreover due to several
migration pathways (i.e. waters, dusts, etc. ..) the con-
taminants might be transported into other compartments
of the environment. The migration of contaminants and
soil processes tends to occur over a larger time scale if
compared to sediments [4].

Theocharopoulos et al. [37] compared the European Soil
Sampling Guidelines (ESSQ) in different countries in or-
der to estimate the differences and similarities and to eval-
uate how methodologies might affect data quality. The in-
vestigation showed that the strategies used in the study of
soil pollution, diverge according to differentiated legisla-
tion frameworks, sampling strategies (depth, distance, dif-
ferent horizons), sample treatment (homogenization, siev-
ing, oven-drying), methodology applied (analytical pro-
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tocols), etc. In several countries soil sampling protocols
were standardized (e.g. 1SO-DIS 10381-5, [38]) and de-
fined by national scientific societies or standardization
institutes. The sampling pattern is usually a grid but it
may be carried out randomly, or sometimes it is not even
mentioned. With respect to the sampling density no real
standard exists. Moreover the term “top-soil samples” in
different European countries differs according to whether
the humus layer has to be sampled separately, as well
as its thickness variations. Such differences between the
strategies and methodologies make a direct comparison of
the results extremely difficult [39].

Soil surveys, as illustrated in Figure 1F, are normally con-
ducted based on a systematic grid system and according to
Levinson [7], the space between samples is determined by
the costs involved, the intensity of the industrial activity,
the area to be investigated, or the type of contaminants
to be investigated. By sampling on a reqular grid, the
area under investigation is equally covered giving an ac-
curate overview of the distribution of the pollutants [40].
The soil samples collected should be representative of the
sampled location, but heterogeneities related to the geo-
logical and pedogenical formations are always present. In
order to minimize such heterogeneities, composite or bulk
samples (which represent a wider area, small-scale clus-
ters) can be collected. By doing so, an improvement in the
analytical precision is realized [40]. To improve represen-
tativity, Adriano [41] and van Herreweghe et al. [9], used a
composite sample that was collected according to a star-
like pattern at each soil sampling point (Figure 1K). This
means that one sub-sample is collected at the predefined
spot, while four additional sub samples were collected in
four directions perpendicular to each other at a distance
of one meter.

The sampling showed that it is important to define the
problem accurately and report the type and depth of the
sampled soil. Thereafter the combination of different ap-
proaches with respect to the different sampling media
(Figure 1), strategies and geochemical treatments are se-
lected based on the primary scope of the study. The main
reason for collecting soil samples at different depths or
in profiles (Figure 1E) is to detect the variation due to
pedogenic processes and thus to test the hypothesis of
pollution as illustrated and discussed by Baize and Ster-
ckeman [42]; Wagner et al. [40]. An additional reason to
collect samples at depth is to investigate whether any
possible infiltration of the contaminants has taken place.

4.2. Active stream sediments

While soils act as a sink and/or as a filter that protects the
groundwater from the infiltration of pollutants, surface wa-

ters and eroded sediments can play a role in the mobiliza-
tion and transportation of pollutants. Many river basins in
the world are seriously affected by heavy metals released
into the environment from mining and industrial activi-
ties as shown by Wolfenden and Lewin [43]; Swennen et
al. [44]; Hursthouse et al. [45]; Hudson-Edwards et al. [46];
and Pirrie et al. [47]. Polluted particles are transported
and deposited into the floodplains and wetlands, which act
as a temporary sink for heavy metal deposition and stor-
age in river basins [48]. The release of these substances
may affect micro-organisms, plants and animals which rely
on rivers for habitat and food [46, 49, 50]. Recent stud-
ies have demonstrated that contaminants may remain in
these deposits for years, centuries or even millennia be-
fore they are remobilized by physical, chemical or bio-
logical processes (see [48]). During the last decades, the
interest in the distribution of heavy metals in the alluvial
deposits has increased considerably [19, 43, 48, 51, 52].
Moreover there is growing evidence to suggest that sig-
nificant amounts of heavy metals are now being mobilized
from the floodplain sediments as result of anthropogenic
disturbances, including hydrological changes associated
with global warming [48, 53]. Thus studies on alluvial
(active stream or overbank) sediments have shown that
the contaminant history can be accurately determined by
investigating the fluvial (river) systems [46].

Active stream sediments (Figure 1G), composed mainly of
silts and clay fractions, are the basis of most drainage
basin surveys. Although originally developed for mineral
exploration, actual river sediment reconnaissance surveys
have subsequently been found to be of great value for
highlighting geochemical anomalies, as well as for show-
ing the regional patterns of nearby soils [54]. Spread of
contaminants can occur along rivers which drain industrial
areas as shown by Wolfenden and Lewin [43], Hudson-
Edwards et al. [46], Hursthouse et al. [45, 55], Pirrie et
al. [47] and Sullivan and Taylor [56]. Moreover sediments
become enriched with many heavy metals due to contin-
uous deposition of suspended particles from the overlying
water [57], or by dust particles [29]. Often in mining and
industrial areas, the active stream sediments reflect the
actual pollution occurring in the drainage area [43, 48, 50].
Although sediments are not considered to be soils, they
consist of a solid matrix and show similarities with soils in
terms of heavy metal interaction. Sediments reflect more
dynamic processes of transport, deposition and interac-
tion with fluids, due to the saturated conditions in which
they mainly occur. Moreover, when compared to soils,
sediments contain minerals and organic matter while the
gaseous phase is minimal [4].
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4.3. Overbank sediments

Overbank deposits are formed when the water discharge
exceeds the capacity of a river channel, depositing part
of the sediment load on the flood plains (Figure 1H).
Consequently a succession of layers is deposited over
time, as long as no erosion occurs. Furthermore, over-
bank sediments are considered to give a very good in-
dication of the geochemical signature of catchment ar-
eas and the evolution in time as shown in Ottesen et
al. [58], De Vos et al. [59], Macklin et al. [60], Macklin and
Dowsett [61], Swennen et al. [44, 51] and Swennen and Van
der Sluys [62]. The general philosophy behind sampling
overbank sediments is that sediments from the deeper part
of the profile can yield information on the geochemistry of
the catchment area before human or industrial disturbance
took place, while sediments from the near-surface reflect
the recent influence of the anthropogenic input [60]. De-
tailed sampling of the sediments can be set up to test the
assumption that at least pre-industrial (or pristine) sam-
ples could be taken from the lower part of most overbank
profiles and that geochemical variations may distinguish
between geogene (natural) and anthropogene (industrial)
signatures.

If the succession of an overbank sediment profile is homo-
geneous, sampling can be carried out in reqular intervals
depending on the thickness of the overall profile, but if any
textural, colour or additional distinctive features are ob-
served, additional sub-samples can be collected. Detailed
description of the samples should be made in the field
notebook, with respect to the kind of vegetation present,
the existence of organic and/or iron rich layers, distinct
colors and textural patterns.

4.4. Pond sediments

Varve (pond) sediments are reported to occur at the bot-
tom of lakes. Because the deposition of the sediments in
lakes occurs slowly and in relatively quiet conditions, af-
fected mainly by seasonal variations, very fine laminated
layers can form within lacustrine environments [63]. Dis-
charges to the aquatic environment directly from the in-
dustrial point source will be subject to some degree of mix-
ing and dilution prior to deposition in the sediment body.
This will tend to disperse the contaminants and result in
well-defined contaminated layers within the sediment col-
umn. Such well-sorted sediments can act as archives of
contaminant inputs to the system [4].

The pond sediments collected at the site of Porto-
Romano [20], although not sampled in a lake, display simi-
lar features to sediments deposited at the bottom of lakes.
These sediments possess varve characteristics, composed
of clay, silts and sand with yellow-reddish coloured lam-

inations, 0.5-3 cm thick, especially nearby the former
chemical plant. Figure 2 illustrate the features observed
and the very fine laminates, about 30 in total, collected
in Porto-Romano (Albania). This type of sampling can be
used to investigate the infiltration of the contaminants at
depth and the sedimentation conditions that form these
very fine-laminated layers.

4.5. Waters

While soils and sediments are accumulating contaminants,
water is a migration pathway for contaminants from sur-
face into the groundwater [4]. Since some organic and
inorganic pollutants tend to disperse in water, the study
of aqueous media is important for evaluating the trans-
portation pathway and horizontal and vertical migration
distance from the contamination source or in groundwater
(Figure 1N, J). Polyethylene bottles (125 ml) are com-
mon for water sample collection. The bottles generally
are completely filled with water in order to minimize po-
tential redox reactions taking place by contact with air.
Moreover if the acidification and filtration are carried out
in the field they must be reported. A study carried out
by Sirinawin and Westelund [64] emphasized the fact that
chromium species are stable in sea water samples for at
least one month if stored in polyethylene bottles and in
natural pH conditions. Moreover these authors recom-
mend freezing the samples when no measurements can be
carried out within a month.

4.6. Dust samples

According to Nriagu and Pacyna [65] and Han and Nae-
her [66] anthropogenic airborne particles come from a vari-
ety of sources, which include, but are not restricted to traf-
fic, industry, commerce, domestic heating and additional
domestic uses. Airborne contamination is more serious
in the developing countries, especially in those currently
facing rapid industrialization and changes in land use,
like former Eastern European countries [34]. According to
Nriagu et al. [28] and Nriagu and Pacyna [65] at any par-
ticular time and location, the amount of inorganic contam-
inants in the atmosphere depends on: 1. the intensity of
the production processes and/or proximity to the source; 2.
the amount of contaminants released; 3. the degree of mix-
ing with other particles present in the atmosphere which
is determined by meteorological factors; 4. the age (depo-
sition time) and 5. the transportation rate and mechanism
of the suspended particulate matter. The large number of
variables often leads to large variations in the geograph-
ical distribution of pollutants in the atmosphere [28, 36].
Moreover air quality both indoors and outdoors influences
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Figure 2. lilustrates the so-called pond profile sediments collected
in Porto-Romano (Albania) where the release of chromite
ore processing residue has created this varve- like layering
within the pond profile.

the respiratory and cardiovascular diseases as stated by
Han and Naeher [66]. The dust particles are recognized
as an important contributor in heavy metal contamination
in top-soils, sediments and plants occurring particularly
near industrial sites [19, 21, 27, 29, 35, 67]. However in-
formation on the wind rose (directional dependence of the
wind frequency) might be relevant to assess the aerial
dust dispersion.

Attic dust is a unique archive for inferring the chemi-
cal composition of solid particles present in the air from
the time when a roof was last refurbished until the sam-
pling time [30, 31, 68, 69]. Assuming that the dust (Fig-
ure 11) samples represent “undisturbed” sedimentation in
time and that chemical element contents in attic dust are
proportional to their content in air, it is possible to esti-
mate the quality of air through time. Moreover the spatial
distribution of the contaminants in relation to the vari-
ous pollution sources can be assessed by the study of the
dust emissions and deposition. Cizdizel et al. [70]; Cizdizel
and Hoodge [71] and llacqua et al. [72] used attic dust as
an indicator of historical air quality concerning pollution
by'¥Cs, 2%Pu, pesticides and lead. They demonstrated
that plutonium contamination was associated with nuclear
detonations in the period 1950-1960, while the amounts
of lead accumulated in attic dust, could be related to the
combustion of lead-rich gasoline. Gosar and Sajn [30] and
Sajn [31] used attic dust to study the spatial distribution
of mercury and other elements in Slovenia.

The weight of the dust samples generally is much smaller
compared to soils or sediments. The dust samples can
be collected with a tooth brush which must be washed
after each sample collection in order avoid contamination.
The dust samples can be stored in plastic bags, labelled,
sealed and transported to the laboratory for analysis.

4.7. Plants

The sampling of vegetation (Figure 1M) is an additional
element that can be considered in a sampling strategy [35].
This sampling medium provides information on the abil-
ity of vegetation to uptake heavy metals into the upper
parts, identify the precipitation of dust particles and the
accumulation in leaves and upper stalks.

4.8. Other sampling types

Meoss, lichens, humus and spruce needles are considered
to be very important contamination indicators in environ-
mental monitoring of airborne anthropogenic heavy metal
deposition [10]. However if the results from these sampling
media are combined with additional sampling media, like
surface waters, sediments and so on, the spreading of con-
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taminants can be better assessed, as shown by Niskavaara
et al., [10].

4.9. Sampling techniques

The samples in soils and sediments can be generally col-
lected with a colorless auger, The samples can be stored in
plastic bags, sealed, labeled, and a detailed description is
mandatory based on the field observations. The reason for
a detailed description is to facilitate the later interpreta-
tion. The GIS coordinates can also reported where avail-
able for the easy location of specific spots. Photographs
can also be taken from the different sampling locations, or
used to identify special patterns during the fieldwork, in
order to document and trace back easily the features ob-
served during sampling. Detailed records are necessary
for more specific analysis which can to be performed on
particular samples.

5. Discussion

In order to perform a risk analysis to investigate a present-
or past-contamination source area, different steps that
will justify the scope of the study have to be undertaken.
These steps and their order are visualized in the following
scheme (Figure 3). After a reconnaissance literature study
the needs for further investigations in a present- or past-
industrial site are better addressed. Therefore the sam-
pling strategy can be drawn in general lines. By investi-
gating different environmental compartments, a better view
and understanding on the fate of contaminants is obtained.
Due to the large costs involved in sampling and analyt-
ical effort however, the investigations are often carried
out seperately for soils, sediments, waters, vegetation or
as paired environmental compartments such as suspended
solids-sediments [73], dust-soils [74], dust-sediments [29],
overbank sediments-active stream sediments [10, 19] and
water-sediments [75, 76]. If the area under investigation
has been already investigated this can serve as the start-
ing point for the decision making and the sampling types
to be investigated, otherwise a reconnaissance study and
some general sample characterization might help to better
define the entire sampling strategy and reduce the costs
for sampling compartments of no interest for the investi-
gation. The need for a specific sampling strategy requires
technically qualified people, and standard procedures in
order to reduce the inconsistencies in sampling procedures
and therefore not compromise the final outcome of the in-
vestigation. Since the requirements for a good conceptual
model and sampling strategy are resource intensive and
multidisciplinary, team work is essential.

‘ Risk analysis ‘

AN

Reconnaissance investigation
Information needs

| Congclusions ‘

Conceptual model
for sampling design Report

A4

Sample collection

Data analysis

‘ Samplepre-treatmem‘ ‘ Data processing ‘

3y

| Laboratory analysis

LN

Figure 3. lllustration of the steps to be undertaken in order to perform
risk analysis for a present or past contaminated site.

Generally, environmental studies are carried out on a
local-, regional- or continental-scale. The main aim of dif-
ferent scale investigations is to obtain information on spa-
tial or temporal trends and patterns [6]. The local-scale
industrial sites can be one single pollution source (few
square km) or megasites with multiple pollution sources
(extended in area up to several km?). Regional geochemi-
cal investigations can compose the area of a country to in-
vestigate the spreading of contaminants or to observe the
general dominant pattern after a period of monitoring [62].
Continental- or sub-continental investigations involve the
investigation of one or several parameters and observe the
general trends of soils, sediments and their background
values (example: the Foregs, atlas?). To characterize
point or diffused contaminant sources the approach can be
from continental- (background) — regional- — local-scale
based on the Technical Guidance Document (TGD) [77].

6. Conclusions

Not all the proposed sampling types apply to all environ-
mental studies. A desk study and thereafter a reconnais-
sance study will determine the contamination source(s)
and the best conceptual model that will fit to a relevant
sampling design and the appropriate sampling types. The
adaptation approach in a case-by-case base can be im-
plemented. By applying an appropriate sampling design
and sample collection the final aim will be to cover the in-

2 www.gst.fi/publ/foregsatlas/ForegsData.php, EuroGeo-
Surveys Geochemical Baseline Database, December 2008
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vestigated area with a given level of confidence and detect
hot spots of a given size. The key steps to be remembered
and applied during a sampling campaign identified by this
literature review are the following:

1) Historical research consisting of industrial process
description, waste type(s), deposition conditions for
the waste, life time of the industrial activity, annual
discharge rate, exposure pathways;

S

Define the scope of the study, and determine the
available budget, personnel and schedule dead-
lines;

L

Conceptual sampling design considering the
boundaries of the study area, sampling media of
concern; physical/chemical properties of contami-
nant;

=

The sampling campaign, which will consist of the
selection and application of a specific or a combined
sampling design in order to obtain the maximum
information with the minimum costs;

5) The main constraints are the appropriate sampling
design, the presence of qualified personnel and the
budget involved.
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