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PREFACE
15th International Conference on Heavy Metals in the Environment (ICHMET)

September 19-23, 2010
Gdansk, Poland

Although there are workshops, conferences and symposia on many metals (from arsenic
to zinc), the International Conference on Heavy Metals in the Environment (ICHMET)
remains the only forum that provides an integrated perspective on research, technology
and management of all heavy metals in a trans-disciplinary context.  Scientists need to
understand not only the unique features and behavior of individual heavy metals but
also the differences, similarities and interactions of different metals at the ecosystem,
systemic and cellular levels if we are to deal with the problems of heavy metal pollution
at the local, regional and global levels in a sustainable manner.  ICHMET endeavors to
break down the expertizing walls that are increasingly being erected around individual
heavy metals, and emphasizes the many advantages of having a forum for specialists to
share their research and perspectives from the  "emerging" to the "big four" (arsenic, cad-
mium, lead, and mercury) metals.  These conferences provide crossroads for established
researchers to network and gain new insights on recent developments in their fields and
for younger scientists and graduate students to learn about cutting-edge research in
other disciplines or countries that may be relevant to their work.  These meetings have
fostered untold cross-disciplinary research and encouraged international collaboration
in dealing with the complexity of the sources, behavior, fate and effects of heavy metals
in our environment.

ICHMET-15 marks the 35th anniversary in a continuation of a series of highly success-
ful conferences that have been held in major cities of the world since 1975 including
Toronto (1975), London (1979), Amsterdam (1981), Heidelberg (1983), Athens (1985),
New Orleans (1987), Geneva (1989), Edinburgh (1991), Toronto (1993), Hamburg
(1995), Ann Arbor (2000), Grenoble (2003), Rio de Janeiro (2005), Taipei (2008), and we
are delighted to add Gdansk to this impressive list.  These conferences typically have
drawn 400-1000 participants from countries in many parts of the world.  Well over 5000
scientists from over 120 countries have taken part in this series of conferences, and
these numbers continue to grow.  

Gdansk is an easy choice for these meetings because of the city's natural beauty and
many tourist attractions which can enhance the memorable experience often associated
with these conferences.  More importantly, however, the conference will serve to high-
light the outstanding work on heavy metals by many Polish researchers and hopefully
will showcase the varied contributions to the field by scientists in central Europe.  We
thank the authors and participants for contributing to a wonderful menu on the scien-
tific program. We extend our appreciation to Professor Jacek Namiesnik and members of
the local organizing committee for the time and energy that they have dedicated to mak-
ing this conference a reality.  We extend our sincere acknowledgement to the sponsors,
members of the International Scientific and Program Committees, member of the
Honorary Committees, the Honorary Patrons and to everyone that has contributed
towards making ICHMET a success.

Jerome Nriagu, PhD, DSc
Chairman, International Scientific Committee
School of Public Health
University of Michigan, Ann Arbor, MI 48109, USA
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Introduction
Mercury and its compounds are highly

toxic, persistent and bio-accumulative and
therefore it is of special concern for wild life
and humans. It is therefore important to

design an observation system that provides
relevant and trustworthy information on the
state of the environment in an integrated net-
work of indicators as presented in Figure 1.

Indicators of Mercury Reactivity and Bioavailability in the Environment;
a Search for Cost-effective Monitoring Strategies

M. Horvat

Department of Environmental Sciences, "Jožef Stefan" Institute, Jamova 39, 1000
Ljubljana, SLOVENIA, milena.horvat@ijs.si 

Abstract
To understand and monitor the ecosystem responses to various contaminant loadings

related to anthropogenic activities and/or climate change requires an integrated approach
employing a network of indicators. In order to demonstrate the complexity of the issue a
case study presented in this work is related to mercury loading in an area impacted by the
past mercury mining activity in Slovenia. Numerous studies have been implemented in the
area to search for the best indicators of changes in mercury loading in air, the catchment and
coastal waters, and the terrestrial environment. One of the important conclusions of these
studies is that environmental biomonitoring, including human biomonitoring, offers a con-
venient and cost-effective way to assess spatial and temporal trends of mercury pollution
and represents a good measure of mercury reactivity and availability in the environment. It
can also be used as early warning systems for humans and other organisms in this ecosys-
tem. Therefore, further efforts should be spent on standardization of the methodologies so
that biomonitoring can widely be applied and the international comparability of data
secured.

Key words: mercury analysis and speciation, indicators, biomonitoring

Figure 1. Integrated network of indicators for mercury loading (adopted from Harris et al., 2007).
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It has to be mentioned that the presence
of mercury in environmental compartments
does not necessarily mean that it can readily
enter biological systems. Chemically and bio-
logically mediated transformation processes
transform mercury into bioavailable forms.
The most important process is the formation
of monomethylmercury (MeHg) which can
easily enter biological systems, where it is bio-
concentrated and bioaccumulated. Therefore
to follow the formation and fate of MeHg rep-
resents the main quality objective in mercury
pollution studies. Early warning systems,
including specific indicator organisms  have
been extensively studied in different environ-
mental compartments (Harris et al., 2007). 

Biomonitoring refers to the use of a bio-
logical entity as a detector and its response as a
measure to determine environmental condi-
tions. It represents the best approach to assess
exposure and potential effects and is an indis-
pensable part of risk analysis, particularly
when enlarged to biomonitoring of effects and
susceptibility. It has been widely accepted in
large scale biomonitoring programmes in
Europe to assess spatial and temporal trends of
exposure to chemicals (PHIME-
www.phime.org, ESBIO and COPHES -
www.eu-humanbiomonitoring.org, ICP
Vegetation, http://icpvegetation.ceh.ac.uk/ ).

Case Study
In order to demonstrate the usefulness of

biomonitoring, a case study of the former mer-
cury mine, Idrija, Slovenia will be used in this
presentation. A number of environmental
aspects have been studied in the area, includ-
ing the main transport, fate and mass balance
of mercury in  the catchment (Horvat et al.,
2002, Hines et al., 2000, 2006, Kocman, et al.
2006, 2010, Kotnik et al. 2005, Kocman,
2009). Modelling tools were developed and
validated in support of proper planning for
remediation (Kocman, 2008, Žagar et al.,
2006). Environmental monitoring has been
implemented for a number of years (Horvat et
al. 2002), including measurements in air (Kot-
nik et al., 2005; Grönlund et al., 2005), soil
(Kocman et al., 2004, 2010) and in the river
Idrijca and Soča/Isonzo (Hines et al., 2000,
2006; Horvat et al., 2002; Kocman et al.,
2004, 2010; Žižek et al., 2007), and the Gulf
of Trieste (Horvat et al., 1999, Lipej). Mercury
enters the river in inorganic form and then
undergoes various chemical and biological
transformation processes, such as oxidation,
reduction, methylation, demethylation,

adsorption and desorption (Hines et al., 2006).
A few of the studies have also addressed the
bioavailability of mercury and the transfer of
mercury and its compounds into biological
organisms and the man. Some of the results
are presented below.

Air
Mercury concentrations can be accurate-

ly measured by sensitive and automated
instrumentation. (Grınlund et al. 2005, Kot-
nik et al., 2005), which provide  good quality
data with high time resolution. Mercury in
contaminated sites is variable and depends on
the wind direction, temperature, moisture and
of course the vicinity of major mercury
sources. Although these methods are charac-
terized by high accuracy and time resolution,
such measurements are relatively expensive
due to regular maintenance and power
demands.

Alternatively, a methodology employing
epiphytic lichens and/or mosses has shown to
be very suitable to assess mercury levels in air
over longer periods of time (Horvat et al.,
2000, Jeran et al. 2002). The use of lichens in
biomonitoring  have proven to be suitable to
asses spatial and temporal trends of mercury
concentrations in air. As evident from Figure
2, average mercury concentrations in air and
mean values in lichens are in excellent correla-
tion. 

Aquatic Environment
Mercury accumulation  and speciation

in the river food chain included filamentous
algae, periphyton,  macroinvertebrates and
fish. The results have shown that highest total
Hg concentrations in biota correlate well with
total Hg levels in sediments and water (Žižek
et al., 2007). The level of MeHg is spatially and
seasonally variable, showing higher values at
the most contaminated sites during the sum-
mer and autumn periods. The percentage of
Hg as MeHg increases with the trophic level
from water (0.1-0.8%), algae (0.5-1.3%), peri-
phyton (1.6-8.8%) to macroinvertebrates (0.1-
100%) and fish (40-100%) which indicates
active transformation, accumulation and
magnification of mercury in the benthic
organism of this heavily contaminated torren-
tial river.

Fish seem to be among the most suitable
bioindicator organisms in the river ecosystem
(Horvat et al., 2004, Munthe et al., 2007), as
they represent the top of the aquatic food
chain.
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Figure.2. Correlation of mercury in air and transplanted lichens Hypogymnia physodes
exposed in areas with variable mercury concentrations in air (Horvat et al., 2000).

Figure 3. The increase of the % Hg present as MeHg in Idrijca river (Žižek et al, 2007).

Fish eating cormorants are at the top of
the food chain could also be useful, but no
studies have been performed so far. There is
an additional added value of using fish for
potential human exposure assessment
(Scheuhammer et al., 2007).

A number of biomonitoring studies have
also been performed in the coastal environ-
ment and have been included in compliance
monitoring implemented by coastal sites (Lipej
et al. 2010). For the purpose of this paper the
usefulness of mussels (M. Galloprovinciallis)

in active and passive biomonitoring may be
particularly emphasized  (Kljakovič et al.,
2006). These approaches have been devel-
oped to the standardization level and have
already been used as an early warning system
(Sericano, 2000).

Terrestrial Environment
Total mercury and MeHg concentra-

tions from long-term monitoring of the ter-
restrial soil-vegetation-herbivore-carnivore
food chain with regard to accumulation and
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transformation processes were studied over a
period of 5 years (1997-2001) in areas contam-
inated with mercury to differing degrees, as
well as uncontaminated areas (Gnamuš et al.
2000) Assessment of the inhaled and ingested
contribution of mercury from the environ-
ment in roe deer (Capreolus capreolus L.), the
selected wild mammal species living in these
areas, showed that while the ratio between
these two routes of uptake is relatively con-
stant, intake of mercury with food in roe deer
is much more important than inhaled mer-
cury, which represents only up to 0.2% of
ingested Hg. Although the plant species
comprising roe deer foodstuffs were not
active accumulators of mercury from soil or
air, vegetation mediates significant transfer
of Me-Hg to herbivores, and this becomes
subject to further accumulation in the high-
er trophic levels of this food chain. Besides
roe deer other bioindicators such as chamois
(Rupicapra rupicapra L.) were selected to
confirm the uptake of mercury from plants.
Though the conclusions drawn from the car-
nivorous predators lynx (Felis lynx L.) and
wolves (Canis lupus L.) are limited due to the
limited number of animals shot (8 and 2,
respectively), the results and their compari-
son to other environmental data showed the
transfer of Hg from soil (and air) to vegeta-
tion, herbivores and thus to carnivores fur-
ther up the food chain. The results of the
measurements, as well as the concentration
factors (CF) and bio-accumulation factors

(BAF), show appreciable accumulation of
Me-Hg and less marked accumulation of T-
Hg at higher trophic levels of this terrestrial
food chain. Interestingly, higher accumula-
tion of Me-Hg was observed in those envi-
ronments polluted with high concentrations
of inorganic mercury compared to less con-
taminated and control areas. 

A number of studies have also been
conducted on a potential use of terrestrial
isopod Porcellio scaber (Isopoda, Crustacea)
as an indicator of mercury load in terrestrial
systems (Nolde in sod. 2005, 2006). These
studies have uncovered the importance  of
long-term Hg pollution in induction of  Hg
tolerance this the terrestrial isopod. The
lysosomal membrane stability, hepatopan-
creas epithelium thickness, feeding activity
and animal bacterial gut microbiota compo-
sition were determined. The results confirm
the hypothesis that the response to short-
term Hg exposure differs in animals from
Hg polluted and  unpolluted field locations.
The animals and their gut microbiota from
the Hg polluted location were less affected by
Hg in a short-term feeding experiment than
those from the unpolluted environment.
The pollution-induced population tolerance
of isopods and their gut microbiota as a
measure of the effects of long-term environ-
mental pollution have been addressed in
recent work of Lapanje and coworkers
(Lapanje et al, 2008).

Figure 4. Correlation between frequency of fresh fish consumption and THg levels in
human hair (Miklavčič et al. 2010).
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Human Biomonitoring
Human biomonitoring refers to moni-

toring activities using biomarkers that focus
on environmental exposures, damage, dis-
eases and/or disorders and genetic suscepti-
bility, and their potential relationships. 

In general population, hair and blood
are used as biomarkers of exposure for
MeHg. Concentrations in hair are propor-
tional to simultaneous concentrations in
blood but are about 250 times higher. They
are also proportional to concentrations in
the target tissue, the brain. Total Hg levels in
485 pregnant women (most sensitive popu-
lation strata) presented in Figure 4 show that
even at low level MeHg intake hair can suc-
cessfully be used a  biomarker of exposure. 

Conclusions
The results of measurements in various

environmental compartments show that
mercury is present in very high concentra-
tions in soils and sediments. Active transport
of inorganic mercury is taking place. The
expected reduction of mercury concentrations
in biota since the Mercury Mine was closed
was not observed. The concentrations of mer-
cury found in bioindicators is elevated in the
near Idrija region, but  not to the extent to
cause noticeable adverse effects. It has to be
mentioned, however, that change in land use
and water management (such as construction
of a new hyroelectric dam in the river Idrijca)
may seriously change the reactivity and for-
mation of MeHg. An optimized monitoring
programme should therefore be implemented
using physical, chemical and biological meth-
ods and in particular appropriate biomonitor-
ing to detect changes in mercury mobility,
reactivity and bioavailability.
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Introduction
Increases in the production and the

release of chemical substances into the envi-
ronment have reached a stage where the
individual and society are no longer able to
control their impact (Baker and Brooks,
1989; Rauch 2010). Use and transformation
of over 100.000 individual compounds
whose current locations are largely unknown
has resulted in an intensive research with
respect to basic and applied research topics.
One of these chemical compounds are chem-
ical elements, especially heavy metals and
their different forms of chemical speciation
found in the environment. 

The position and classification of the
chemical elements in the classical Periodic
System of the Elements (PSE) does not per-
mit any statements to be made about their
functional essentiality or their acute chronic
toxicity for living organisms. This is related
to the fact that the PSE is based on purely
physiochemical aspects. In the past years a
so called Biological System of Elements
(BSE) has been established (fig. 1, Markert
1994), which primarily considers aspects of
basic analytical, biochemical and physiologi-
cal. This includes 

- the interelemental relations of single ele-
ments within an individual organisms
expressed as a linear correlation coefficient,
- the physiological function of single ele-
ments paying attention to evolutionary
development during the emergence of organ-
ic life from the inorganic environment,
- and the uptake form of individual elements
and their compounds by the living organism. 

The use of living or formerly living
organisms in biotests, bioindication and bio-
monitoring is meanwhile an established
method of determine inorganic and organic
contaminants (Aksoy  and Ozturk, 1997;
Bargagli, 1998; Klos et al., 2010; Loppi et al.,
1999; Markert, et al. 2003, Ozturk et al.,
2008; Schroeder et al., 2007; Smodis et al.,
2004; Wolterbeek, 2002, Wolterbeek et al.,
2003 ). In the following some definitions
summarized in Markert et al. (1997, 2003)
are given:

Bioindicators are organisms or com-
munities of organisms whose content of cer-
tain elements or chemical (organic) com-
pounds and/or whose morphological, histo-
logical or cellular structure, metabolic-bio-
chemical processes, behaviour or population
structure(s), including changes in these

Bioindication and Biomonitoring as Innovative Biotechniques 
for Controlling Heavy Metal Data of the Environment

B. Markert

Fliederweg 17, D-49733 Haren, Germany, markert@schlundmail.de
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Before entering the field of integrating different bioindication methods, clear cut defi-

nitions of the terms bioindication and biomonitoring are given. For purposes of bioindica-
tion and biomonitoring of chemical elements obviously both a highly specific approach con-
cerning each single chemical species of an element and a comprehensive treatment of gen-
eral features are required. The latter is given in the Biological System of Elements. Classical
methods have been tested for years to observe the quality of our environment. Especially the
use of living organisms in biotests, bioindication and biomonitoring activities is meanwhile
an established method of determining inorganic and organic contaminants. To achieve a
more public-related prophylactic healthcare feature derived from these biotechniques in the
future, all existing tools of analytical and biological investigations of the past must be con-
centrated on a common focus. A first approach, including an example for transferring trace
elements from the food to the the childs via the nursering mother is given, in a so called
Multi-Markered Bioindication Concept (MMBC). Further on, the collaboration between
analytical scientists, ecotoxicologists and especially medical people is of elementary impor-
tance. For reaching this communication and exchange of essential information different
forms of education and teaching of students on an international level combined with com-
mon research projects are essential key functions for a common success. 
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parameters, supply information on the qual-
ity of the environment or the nature of envi-
ronment changes.

Biomonitors are organisms or commu-
nities of organisms whose content of certain
elements or chemical (organic) compounds
and/or whose morphological, histological or
cellular structure, metabolic-biochemical
processes, behaviour or population struc-
ture(s), including changes in these parame-
ters, supply information on the quantitative
aspects of the quality of the environment or
the nature of environment changes.

A lot of excellent conferences, work-
shops, meetings, PhD-courses related to this
topic are available (f.e Pla et al., 2009; Trapp
and Reins, 2009). 

Material and Methods
As telling as environmental data derived

from bioindication may be, Wuenschmann et

al. 2008 yet states that results from single-
species tests will give only limited information
on effects of chemical substances in higher bio-
logical integration levels (populations, bio-
coenoses or ecosystems). Accordingly, prob-
lems even arise when just extrapolating data
obtained in one species of plant or animal to
another one (even if it belongs to the same
genus); the same holds for transfer of (laborato-
ry) test results to the freeland situation which is
distinguished by more complex structures and
corresponding timescales (Haber 2009).

Thus ecotoxicology, focussed on identi-
fying and evaluating effects of hazardous
compounds on ecosystems, can only partly
meet the precautionary ends of toxicology
(concerned with human health). This neces-
sitates working on human-based samples in
the framework of a broad-viewing investiga-
tion focussed on such effects which possibly
affect humans (Markert et al., 2008).There is  

Figure 1. The Biological System of the Elements (BSE) compiled from data on correlation analy-
sis, physiological function of the individual elements in the living organisms, evolutive develop-
ment out of the inorganic environment, and with respect to their uptake form by the plant
organism as a neutral molecule or charged ion. The elements H and Na exercise various func-
tions in the biological system so that they are not conclusively fixed. The ringed elements can
at present only be summarized as groups of elements with a similar physiological function since
there is a lack of correlation data or else these data are too imprecise (Markert, 1994, 1996).
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a chance to meet the comprehensive precau-
tionary expectations of toxicology only if
investigations are combined into a biointegra-
tive approach in a systematical manner. Thus
both temporal trends of environmental bur-
dening and newly developing centres of pollu-
tion can be identified. For this purpose, Mark-
ert et al. (2003) designed the Multi-markered-
bioindication concept (MMBC; fig. 2); its
approach depends on some combination of
ecotoxicological data-sets with those from
human medicine (especially toxicology). This
method which is based on "tool boxes" (cp. the
explanations for fig. 2) thus implies an
approach integrating different instrumental
(Djingova and Kuleff, 2000; Namiesnik and
Szefer, 2009) and bioindicative methods
(Figueiredo et al., 2001, Franca et al., 2007,
Schüürmann and Markert 1998; Simeonov
and Simeonova, 2009).

As presented already by Markert et al.
(2008) fig. 2 represents one proposal of a com-
plete dynamics environmental monitoring
system supported by bioindication to integrate
human- and ecotoxicological approaches. It
can recombine its measurement parameters
according to the particular system to be moni-
tored or the scientific frame of reference. The
two main subjects of investigation - man and
the environment - and the disciplines human
toxicology and ecotoxicology derived from
them are associated with various "toolboxes"
and sets of tests ("tools", e.g. bioassays) for
integrated environmental monitoring (Mark-
ert et al. 2003). The system shown in fig. 2
consists of six toolboxes. The first two are
derived mainly from environmental research:
DAT (for data) and TRE (for trend). DAT con-
tains, as a set, all the data available from the
(eco-)system under investigation, i.e. includ-
ing data acquired by purely instrumental
means, for example from meteorological
devices. DAT also contains maximum permis-
sible concentrations of substances in drinking
water, food or air at the workplace and the data
for the relevant ADI ("acceptable daily intake")
and NO(A)EL ("no observed (adverse) effect
level"). The toolbox TRE contains data on
trends; these have been compiled mainly from
years of investigations by national environ-
mental sample banks, or information avail-
able from long-term national and internation-
al studies (e.g. Ellenberg et al. 1986). Specific
conclusions and trend forecasts can then be
prepared using the subsequent toolboxes HSB
(human specimen banking) and ESB (environ-
mental specimen banking). The toolbox MED
(medicine) contains all methods usually

employed in haematological and chemical
clinical investigations of subchronic and
chronic toxicity, whereas ECO is largely made
up of all the bioindicative testing systems and
monitors relevant to ecosystems which may
be combined to suit the particular situation to
be monitored (Markert et al. 2003, 2008).

Short Discussion and Conclusion 
By relating data from all the toolboxes

with some network, it must be achieved to
assess average health risks to certain parts of
the population or at least upper limits of future
risks posed by pollutants (Markert et al. 2008).
For this kind of risk assessment, all the infor-
mation on kinds of effects, dose-effect rela-
tionships, and toxicological limits derived
there from by present level of scientific knowl-
edge are combined and used (WHO, 1996).
Although toxicological experiments on
humans would be unethical, yet correspon-
ding data pertinent to toxic risks can be
obtained from workplace experiences and
cases of accidental, homicidal or suicidal poi-
soning. For both statistical reasons and evalu-
ation of sub-acute-dose effects which might
yet bring about diseases, results of epidemio-
logical surveys which compare exposed to con-
trol groups must be added. Recent information
technology allows for development and use of
simulation models which integrate all these
data, integrating a large number of parameters
which are not directly linked to each other. 

Analysis of biogenic samples in either
biomonitoring or bioindication will produce
data; these, however must not be taken as
pieces of information on the "state of the envi-
ronment" directly, except for measurements of
atmospheric deposition (by means of mosses,
Tillandsiae and the like). Even then, no organ-
ism might enrich f.e.  all the elements from
the environment by some identical bioconcen-
tration factor BCF but there will always be
selectivity with drawbacks in biomonitoring
(Fraenzle & Markert 2007). Please find further
discussions and conclusions in Markert et al.
2003 and 2008).
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Figure 2. Possible hierarchical structure of a bioindicative toolbox model for integrative
approaches in human- and ecotoxicology. The toolboxes MED and ECO contain single sets
of tests that can be combined functionally to allow an integrated approach to the particular
frame of reference or a specific scientific problem. The toolboxes HSB (human specimen
banking) and ESB (environmental specimen banking) represent years of results from inter-
national environmental sample banks specializing in environmental and human toxicology;
in addition to MED and ECO they provide important information on the ecotoxicological
and human-toxicological behavior of environmental chemicals. In the integrated approach,
all the results obtained singly are substantiated by existing basic data available from (eco-)
systems research, toxicology and environmental sample banks. The parameter constella-
tions necessary for this are taken from the toolboxes TRE and DAT (Markert et al., 2003). 
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Introduction
Platinum group elements (PGE, i.e. Ir,

Os, Pt, Pd, Rh, Ru) are among the least
abundant elements in the Earth's continen-
tal crust. As a consequence, the natural
fluxes of PGE in surface environments are
relatively limited, with pre-dominant
sources including the erosion of mantled-
erived minerals, volcanic eruptions, and
me-teorites. The concentrations of these
normally rare elements are now increasing
as a result of in-creasing uses and subse-
quent emissions.

This presentation describes recent
findings on anthropogenic PGE emissions
and the occurrence of these elements in the
environment. We argue that these findings
can only be explained by the occurrence of
multiple anthropogenic PGE sources and
provide a first assessment of possible contri-
butions to the surficial PGE cycle.

Automobile Emissions and Contami-
nation

Automobile catalysts are devices placed
in the exhaust system of vehicles to convert
gaseous pollutants emitted from the engine into
less hazardous forms. These catalysts use Pt, Pd
and Rh as main active components and a small
amount of the PGE in catalysts is released dur-
ing vehicle operation. Emission rates measured
in bench tests are in the ng km-1 range,

depending on catalyst type and specifications
(Moldovan et al., 2002). 

The introduction of catalysts in the US
in the mid-1970s was followed by an
increase in PGE concentrations in the envi-
ronment, as documented in environmental
archives. Sediment cores collected at Upper
Mystic Lake (Eastern Massachusetts, USA)
show a clear increase in the concentration
and accumulation of Pt, Pd and Rh (Figure
1). In addition, an increase in the accumula-
tion of Ir, Os and Ru indicate that Ir, Os and
Ru are emit-ted along Pt, Pd and Rh. PGE are
difficult to separate in industrial processes
and it is assumed that Ir, Os and Ru are pres-
ent as impurities in catalysts. Osmium has
been found in automobile exhaust (Poirier
and Gariepy, 2005).

Automobile catalysts are now consid-
ered to be the main source of PGE in urban
and roadside environments where elevated
PGE concentrations have been found in air-
borne particles, dust, soil, water and sedi-
ments, as well as biological materials (Rauch
and Morrison, 2008).

PGE Accumulation in Remote Envi-
ronments

PGE were first believed to be strictly
urban contaminants, but there is increasing
evidence for the contamination of remote 

Platinum Group Elements - Identifying Sources from Early Metal
Mining to the Automobile Catalyst
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Abstract
Platinum group elements (PGE, i.e. Pt, Pd, Rh, Os, Ir and Ru) are among the least

abundant elements in the Earth's crust. In this presentation, we summarize recent research
on the accumulation of PGE in the environment. Increasing PGE concentrations which
have been reported in urban and roadside environments have been attributed to automobile
catalyst emissions. These devices use Pt, Pd and Rh as active components and a small
amount of these metals are emitted into the environment during vehicle operation. Increas-
ing PGE concentrations were also found in remote environments, where additional contrib-
utors may include metal production activities and fossil fuel combustion. We stress that the
emission and global surficial cycle of these elements remain poorly understood.

Key words: Platinum group elements, mining, automobile emissions, fossil fuels, bio-
geochemical cycles.
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environments. Elevated PGE concentrations
have been reported in Central Greenland
(Barbante et al., 2001), on Alpine glaciers
(Barbante et al. 2004) and in the Pyrenees
(Moldovan et al., 2007). The PGE accumula-
tion patterns in remote environments
appear to be more complex than in urban
environment, possibly due to the occurrence
of unidentified sources. Such sources may
exist in urban environments, but are masked
by automobile catalyst emissions.

Using peat cores collected at a remote
ombrotrophic bog in NW Spain, we have
recently provided the first detailed record of
Os accumulation and isotopic composition
in the environment (Figure 2). Human activ-
ities have contributed to the geochemical
cycle of Os since ca. 4700 cal. BP. Osmium
accumulation remained elevated thereafter
with a maximum during Roman times and
further increases after the industrial revolu-
tion and the introduction of automobile cat-
alysts. Recent Os accumulation reaches 300
times back-ground accumulation. 

Source Identification
Research on anthropogenic PGE emis-

sions has until now focused on the automo-
bile catalyst. The Os record (Figure 2)
demonstrates that anthropogenic PGE
sources existed prior to the introduction of
catalysts, but non-catalyst contributors to
the global cycle of PGE have not clearly been
identified.

Metal production activities
The observed trend in Os accumula-

tion prior to the industrial revolution (ca.
200 - 4700 BP) follows the copper produc-
tion estimates with the first increase in Os
accumulation occurring during the Copper
and Bronze Ages (Rauch et al., 2010). Copper
was extracted from sulfide deposits rela-tive-
ly rich in Os, possibly causing the emission of
these elements during mining or smelting.
Today, mining remains an important source
of PGE. PGE mines and smelters are expect-
ed to contribute to the cycle of PGE in the
Northern Hemisphere (Rauch et al., 2005) 

Figure 1. Platinum concentration (left) and PGE accumulation (right) in sediments of Upper
Mystic Lake, MA, USA (adapted from Rauch et al., 2004). Upper Mystic Lake is a suburban lake
and the observed accumulation increase is attributed to vehicle emissions in the catchment.

Figure 2. Profile of Os accumulation at the Penido de Vello (PVO) bog in NW Spain (adapt-
ed from Rauch et al., 2010). Os accumulation first increased during the Copper and Bronze
Ages (ca. 4700-2500 cal BP) and remained elevated thereafter. A further increase is observed
after the industrial revolution (from ca. 1750 AD), as well as after the introduction of auto-
mobile catalysts in Europe in the 1980s.  
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and are a regional source of PGE in Southern
Africa. Smelting of other metals including
chromium is a further source of PGE into the
environment (Rodushkin et al, 2007).

Fossil fuel combustion
An increase in Os accumulation is

observed in the peat record following the
industrial revolution (Figure 2). This period is
characterized by a shift from the pre-industri-
al 2-component mixing (Figure 3) that can
only be explained by a third component with a
radiogenic 187Os/188Os. Based on the tim-
ing of the accumulation increase and the
187Os/188Os of coal, we propose that fossil
fuel combustion is the third component, and
that fossil fuel combustion is an important
source of Os into the environment, possibly
contributing to the cycle of other PGE.

Automobile catalysts
Automobile catalysts have been

demonstrated to be an important source of
PGE into the environment through direct
emission measurements (Moldovan et al.,
2002; Poirier and Gariepy, 2005). An auto-
mobile source is further demonstrated by
decreasing concentrations in soil with
increasing distance from roads. As a result,
ele-vated PGE concentrations are found in
the urban and roadside environment (Rauch
and Morrison, 2008). Dispersion of emitted
particles also results in the contamination of
remote environments, as demonstrated by
increasing PGE accumulation following the
introduction of catalysts in the peat record

(Figure 2) and in Greenland ice cores (Bar-
bante et al, 2001).

Assessing Contributions to Global
PGE Cycles

The research presented here suggests
that multiple anthropogenic sources con-
tribute to the cycle of PGE in surficial envi-
ronments, including metal production, fossil
fuel combustion and au-tomobile catalyst
emissions.

Based on currently available deposition
rates, we estimate that Pt emissions are in
the order of a few metric tons per year. Cur-
rent Pt demand for automobile catalyst is ca.
100 ton yr-1 and the Pt emission rate has
been estimated to be in the order of 0.2-6
ton yr-1 (depending on emission scenario).
Pt emissions from mining and fossil fue
combustion have not been determined.
Based on Pt production, coal consumption
and emission factors for other metals, we
estimate that Pt emission from PGE produc-
tion is < 0.4 ton yr-1, whereas emission
from coal combustion is <0.5 ton yr-1
(assuming an average Pt concentration of ca.
1 ng g-1 in coal (Oman et al., 1997)).

Differences in emission rates, emis-
sion heights (from < 1 m for automobile
emissions to > 100 m for stacks used in
power plants) and particle diameters will
affect the dispersion of PGE emitted from
different sources. The relatively low height
of automobile catalysts emissions are an
important factor when considering the
urban distribution of PGE, whereas PGE

Figure 3. Plot of 187Os/188Os vs 1/Os showing a shift in isotopic composition at the Penido
de Vello bog. The preindustral period (>250 BP) is characterized by a 2-component mixing
between an Os-poor radiogenic (high 187Os/188Os) source and an Os-rich unradiogenic (low
187Os/188Os). In contrast, the 187Os/188Os deviate from the mixing line after the indus-
trial revolution. Commercial PGE used in e.g. catalysts have an unradiogenic 187Os/188Os.
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emitted from other sources might be more
widely dispersed. We note however that the
relatively radiogenic 187Os/188Os meas-
ured in urban air in Boston and Mexico City
(Figure 3) indicate that fossil fuel combus-
tion contribute to urban Os levels.

Conclusions
Increasing PGE concentrations have

been found in urban and roadside environ-
ments, as well as at remote sites. Whereas
automobile catalyst have until now been
considered as the main anthropogenic
source of PGE, the research presented here
indicates that noncatalyst sources may con-
tribute to the cycle of these elements in sur-
face environments. Further research is need-
ed to quantify the contribution from these
sources and understand the impact of
anthropogenic emissions on the biogeo-
chemical cycles of PGE.
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Abstract

Soil and water contamination by heavy metals like Cr, Cu, Pb, Mn, Hg, and Cd in soil
as well as in water arising from the discharge of industrial effluents is one of the important
environmental problems. Due to the greater stability these heavy metals cannot be degrad-
ed and removed from the environment. Their presence in aquatic life causes harmful effects
to living organism [1]. Chromium, one of the above heavy metals has two stable oxidation
states, Cr (III) and (VI). The presence of strong oxidants in soil and water can change Cr (III)
to harmful Cr (VI). Therefore chromium(III) removal on three cation exchangers Amberlite.
IRC-50 (Na+), Amberlite. IR-120 (Na+) and Amberlyst.15 (H+) is studied as a function of
time and concentration at different temperatures(293 K-333 K). The kinetic and equilibri-
um studies proved that affinity of these cation exchangers towards Cr(III) removal followed
the order as Amberlyst. 15 (H+) > Amberlite.IR-120 (Na+) > Amberlite. IRC-50(Na+).
The pH is observed to increase during exchange on Amberlite.IR-120 (Na+) and Amber-
lite.IRC-50 (Na+) while decrease during exchange on Amberlyst.15 (H+). The kinetic data
is explained both by film and particle diffusion equations. Using the rate constant values,
the activation energies are calculated from the well-known Arrhenius equation. The low
activation energy confirmed the diffusional nature of the exchange process. Equilibrium
data is explained with the help of Langmuir equation. Various thermodynamic parameters
(∆Ho, ∆So and ∆Go) for Chromium (III) exchange on these exchangers are calculated. The
∆Go values are found to be negative while both the ∆Ho and ∆So are positive.

[1] W.Xuejiang, C.Ling, X.Siqing, Z.Jjianfu, J.M.Chovelon, N.J.Renault, Miner.Eng.19
(2006) 968.
[2] I. Tadesse, S.A. Isoaho, F.B. Green, J.A. Puhakka, Bioresource. Technol 4 (2006) 529.
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Introduction
Excessive growth of filamentous bacte-

ria causing bulking of activated sludge is a
serious problem in numerous low-loaded
wastewater treatment plants. Currently
applied methods are limited to application of
appropriate chemicals, like aluminium chlo-
ride or sulphate. Chemicals addition could
improve settlement characteristics of the
sludge, but on the other hand, they could
also increase the production of dry mass of
excessive sludge (Odegaard 1998). Little
attention has been paid to the possibility of
filamentous bacteria control by means of
organisms naturally occurring in the activat-
ed sludge. Additional advantage of such
methods is reduction of the excessive sludge
production when sufficiently effective con-
sumers are used. Recently proposed biologi-
cal method is to use rotifers (Rotifera) as a
biological tool to prevent the bulking
(Fiałkowska and Pajdak-Stós 2008). The
question arises if Al-salts can be used simul-
taneously with rotifers. Rotifers may be sub-
jected to the toxic effect even many days
after chemicals application, as the sludge in
treatment plant circulate in a partially closed
system. The rotifers population growth rate
is limited by temperature (Edmondson
1965), so in many cases it is difficult to
obtain sufficient rotifers density in reactors
during the winter season. Simultaneously,
the biggest problems with bulking and foam-

ing occur when temperature of the sludge in
the reactor drops below 15oC. In most cases
this is caused by overproliferation of the
most troublesome bacteria Microthrix parvi-
cella and Nostocoida limicola (Eikelboom et
al. 1998), which is able to growth at appre-
ciable rates at temperatures as low as 7°C
(Rossetti et al. 2005). The toxic effect of
chemicals may change with temperature and
thus is particularly important to include this
factor when assessing the chemicals toxicity
to vitality and reproduction rate the rotifers.
The aim of presented study was to assess the
toxic effects of chemicals, aluminium chlo-
ride AlCl3 and aluminum sulphate
Al2(SO4)3, typically used to overcome the
bulking problem, on monogonont rotifer,
Lecane inermis in three temperatures: 8, 15
and 20°C.

Materials and Methods
Two clonal populations of monogonont

rotifer Lecane inermis were used in experi-
ments. Lecane inermis is one of the most
fecund species of rotifers and the population
is dominated by parthenogenetic amictic
females, sporadically from eggs laid by amic-
tic females, mictic females develop (Miller
1931). One strain called Lk1 was obtained
from a small wastewater treatment plant
and Lk3 strain was isolated from one of the
largest treatment plant situated in southern
Poland.

Aluminium Salts Toxicity to Lecane Inermis Rotifers. Are Chemical
and Biological Method Overcoming the Activated Sludge Bulking

Mutually Exclusive?

B. Klimek, E. Fiałkowska, J. Fyda, W. Kocerba, A. Pajdak-Stós

Institute of Environmental Sciences, Faculty of Biology and Earth Sciences, Jagiellon-
ian University, Gronostajowa 7, 30-387 KRAKÓW (Poland), beata.klimek@uj.edu.pl

Abstract
Recently proposed biological method of overcoming the bulking of activated sludge

is to use rotifers (Rotifera). The aim of presented study was to assess the toxic effects of
aluminium chloride AlCl3 and aluminum sulphate Al2(SO4)3, typically used to over-
come the bulking problem on monogonont rotifer, Lecane inermis in three tempera-
tures: 8, 15 and 20°C. Rotifers were exposed to Al-salts concentration range and 24h
mortality was checked. Mean value EC50 (effect concentration, mg dm-3) was 0.0519
mg dm-3 and did not differ between Al-salts and temperatures as well as between two
rotifers strains. Subsequently, effects of low Al-salts concentration on population devel-
opment from single individuals (parthenogenetic females) in 21-day experiment were
tested. Both Al-salts, in concentrations such low as corresponding to 4.8 EC and 0.48
EC, affected negatively rotifers population size.

Key words: Al-salts, EC50, rotifers, wastewater treatment
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Lk1 and Lk3 rotifers (ca 10 individuals,
age <1 day) were picked up with the
micropipette and transferred into separate
wells (24 wells Cell Wells™, Corning). Then
1 ml of aluminium chloride AlCl3 or alu-
minum sulphate Al2(SO4)3 solution (enrich-
ment into molasses as a medium) was added.
On the basis the pilot experiment, the con-
centrations 0 (control), 0.0001, 0.0005,
0.001, 0.005, 0.01, 0.05, 0.1 mg dm-3 of
both Al-salts were applied. Culture plates
were incubated in 8, 15 and 20°C and the
number of alive and dead rotifers was
checked after 24h exposure. Four replicates
of each treatment were applied. EC50 (effect
concentration, mg dm-3) were calculated
from a linear model.

After that, we measured effects of low
concentrations of AlCl3 and Al2(SO4)3 on the
rotifer reproduction and population growth
rate. Single individuals of Lk1 or Lk3 strain
(age <1 day) were transferred into separate
wells and 1 ml of 0.0005 or 0.005 mg dm-3 of
Al-salts solution with molasses were added
and culture plates were incubated in 8, 15 and
20°C. Ten replicates for controls and six repli-
cates for each Al-salt and concentration treat-
ment were applied in two experimental series.
Numbers of alive and dead rotifers as well as
eggs were counted under magnification direct-
ly in each well after the 4, 7, 12 and 21 days.
Subsequently, the following indices were cal-
culated for each well and treatment: egg ratio
(ER), mortality rate and internal growth rate (r)
(Edmondson 1965). ER was calculated as all
eggs laid per all active amictic females in
experimental well. Mortality rate was deter-
mined by dividing all dead rotifers in experi-
mental well by number of active rotifers and
internal growth rate (r) was calculated as
r=(lnNt+1-lnNt)/t (data not presented here).

Differences between particular variables
were compared separately for AlCl3 and
Al2(SO4)3 treatment and for experimental
day. Multifactor ANOVA was used to com-
pare differences between Al-salts treatment,
strains, temperatures and experimental series
effect and the interactive effects between test-
ed factors were checked. When significant dif-
ferences between groups were found, the
means were compared using the Tukey's HSD
test. Non-significant interactions were
removed from a model.

Results and Discussion
EC50 values did not differ between Al-

salts and temperatures treatment as well as

between rotifers strains and the mean value
was 0.0519 mg dm-3. Thus, tested latter Al-
salts of 0.005 mg dm-3 corresponding EC4.8
(concentration caused ca 5% mortality rate),
whereas 0.0005 mg dm-3 constituted
EC0.48 (concentration caused ca 0.5% mor-
tality rate). Even such low concentrations
affected negatively population characteris-
tics during 21day experiment.

The number of live rotifers reached up to
255 individuals per well (Lk3 cultured 12days
in 20°C and 0.0005 mg dm-3 of Al2(SO4)3).
The number of live rotifers generally increased
with temperature incubation, according to
previous studies (Perez-Legaspi and Rico-
Martinez 1998), showing that temperature
and food are among the most important fac-
tors influencing growth and development of
rotifers. Differences between live rotifers num-
ber between temperatures were most signifi-
cant at 12th day of experiment but in 21st day
of experiment, rotifers number in 20°C was
similar as in 15°C. Probably this was caused
by exhausting food source and accumulation
of rotifers metabolisms products in confined
environment. Lk3 strain reached higher popu-
lation number than Lk1 strain but the interac-
tion between strain and Al-salt concentration
was non-significant, indicating that both
strains are similarly sensitive. Negative effect
of both AlCl3 and Al2(SO4)3 on live rotifers
number was ascertained in 12th day of experi-
ment and for Al2(SO4)3 negative effect
remained also in 21st day. There was signifi-
cant interaction between temperature and Al-
salts concentration, meaning that in 20°C the
chemicals were more toxic to rotifers that in
lower temperatures and the effect was more
distinct for AlCl3 contamination (as showed
on Fig. 1A, B).

The number of eggs reached up to 255
individuals per well (Lk3 cultured 7days in
20°C and 0.0005 mg dm-3 of Al2(SO4)3). The
number of eggs per well increased with experi-
ment duration up to 12 day and was slightly
lower at 21 day. Temperature affected positive-
ly the number of eggs per well. Negative effect
of both AlCl3 and Al2(SO4)3 on live rotifers
number was ascertained in 12th and 21st day
of experiment and in 12th day there was sig-
nificant interaction between temperature and
Al-salts concentration, meaning that in 20°C
the chemicals were more toxic to rotifers that
in lower temperatures. Rotifer strain Lk3 laid
more eggs than Lk1 strain, especially in 20°C,
but there was no difference between strains in
21st day of experiment.
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The ER reached up to 6 (Lk3 at 4th day
in 15°C in control treatment and 0.0005 mg
dm-3 of AlCl3). ER ratio changed with
experiment duration and was the highest at
4th day of experiment. Temperature effect
was the most significant factor and EG was
higher at 15°C and 20°C, however ER was
not affected by Al-salts. Detection of toxic
effects may depend on population parame-
ter, which was considered in experiment
(Preston and Snell 2001).

Conclusions
The rotifers population growth rate

depended on both temperature and toxicity

of the chemicals present in an activated
sludge. Even such low Al-salts concentra-
tions, as corresponding to 4.8 EC and 0.48
EC, affected negatively population size.
Thus, using chemicals to sludge bulking
overcoming simultaneously with rotifers
may be problematic; however obvious
advantages of biological method recommend
it before chemical method.
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Figure 1. Effects of interaction between (A) AlCl3 (B) Al2(SO4)3 effect and temperature
effect on number of live rotifers per well in 12th day of experiment. Central points indicate
the sample means, and error bars indicate 95% Tukey HSD intervals.
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Abstract

Removal of lead from its aqueous solutions by adsorption on sawdust was studied. The
Sawdust, by-product of the wood industry, is a promising adsorbent for the treatment of
metal wastewaters, particularly for lead removal. The purpose of this research was to evalu-
ate the efficiency of this vegetable material to adsorb metals from solutions. The adsorption
process is affected by various parameters such as contact time, stirring velocity, initial con-
centration of lead and adsorbent dose. A mass of 3 g/l of adsorbent was optimal to obtain
maximum adsorption of lead (97,4%). However, within the values studied, the initial lead
concentration has no effect on the rate of adsorption. The adsorption process was very fast
initially, and around 90% of the total adsorption was completed within the first 10 min. The
adsorption kinetics tested with pseudo-first-order and pseudo-second-order models have
shown that the process follows the pseudo second order rate kinetics throughout the period.
The equilibrium adsorption isotherms of Langmuir, Freundlich and Dubinin-Radushke-
vich, were tested for the quantitative description of the lead uptake. A maximum adsorption
capacity of 19,88 mg/g were obtained using Langmuir model. 

Finally, the sawdust, used in a rough state, was found to be cost effective and has good
efficiency to remove lead from aqueous solutions. 
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Comparison of Two Digestion Methods from Surface and Burial
Sediments in Industrial Area of Pančevo, Serbia
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Abstract
Two used digestion procedures: microwave aqua regia and microwave aqua regia

plus HF, were compared for digestion of 2 standard references material and 36 surface
and burial sediments within an industrial area in Pančevo. Samples collected at 20 loca-
tions within petrochemical and at 16 locations in near by non-petrochemical area and
were extracted and analyzed by ICP/OES. Ten elements such as: Ba, Cd, Cu, Cr, Mn, Fe,
Ni, Pb, V and Zn were analyzed. Accuracy was also acceptable for certified metals in aqua
regia plus HF being 78-110 % except for Pb in BCR 143 R standard where it was 172 %.
Accuracy for certificated metals in aqua regia digestion was acceptable by being 80-
113%. Precision for aqua regia with HF were less than 5 %, while for aqua regia was lit-
tle bit higher but less than 10 %, except for V where it was 12 % and for Cd it was 28 %.
The aqua regia with HF has slightly better precision than the simple aqua regia.

Key words: surface and burial sediments, petrochemical industry, aqua regia, aqua
regia plus HF 
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Bioluminescent Monitoring of Radiotoxicity 
in Solutions of alpha-Radionuclides

A.T. Rozhko1, N.S. Kudryasheva1,2, L.G. Bondareva1, G.A. Vydryakova2

1Siberian Federal University, Krasnoyarsk, 660041, Russia 
2Institute of Biophysics of Siberian Branch Russian Academy of Science, Krasnoyarsk,
660036, Russia

Abstract

Bioluminescent (BL) bacteria-based assay was adapted to monitor toxicity of alpha-
radionuclide in solutions of low and mean activity. Chronic effects of alpha-radionuclides
on BL bacteria Ph. Phosphoreum and their enzymes were studied. Radionuclides of different
specific activity - 241Am(NO3)3 and UO2(NO3)2 - were used as sources of alpha-radiation. 

In Americium solutions, the BL activation predominated for short-term exposure (55
hr), and BL inhibition - for longer-term exposure to radiation (1). These effects were used to
evaluate radiotoxicity of the solutions. The effects were shown to depend on radionuclide
concentration, level of organization and integrity of the bioluminescent assay system. The
BL activation was up to 400% for bacteria and up to 30% - for the enzymes. Accumulation
of Americium in bacterial suspension was demonstrated. Damage of bacterial cell walls in
Americium solutions was visualized by electronic microscopy images. 

BL inhibition only was observed in the solutions of Uranium (2). Effect of Uranium
was observed under higher concentrations (higher than 10-7 M), than that of Americium
(down to 10-11 M). Influence of the radionuclides was compared to that of stable metals -
Europium and Iron. The effects of Americium were attributed to its radioactive properties;
however the effect of Uranium was due to its chemical properties.
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Introduction
The recovery of nuclear fuel elements,

such as uranium (U), from aqueous systems
has become a focus of interest as a way to
exploit undeveloped energy resources. The
removal of radioactive elements and toxic
heavy metals from contaminated sources is
also a worthwhile priority for environmental
protection initiatives. In this regard,
research efforts have concentrated on accu-
mulation of U by microorganisms, including
bacteria, fungi and yeasts (for example
Andres et al. 1993).

We have investigated U accumulation
from aqueous systems using bacteria isolat-
ed from U mines, among which some strains
were found to possess extremely high U
accumulating ability (Sakaguchi et al. 1996).
Microbial biomass may thus be considered
for use as a removal agent for the recovery of
U from metallurgical effluents, mine tail-
ings, seawater and other waste sources.

In U deposits, some microorganisms
with a high U accumulating ability presum-
ably can co-exsit with different species that
can leach U from ore in mine soil and aque-
ous systems. It would, therefore, be benefi-
cial to isolate microorganisms that have an
enhanced ability to accumulate U from
mines.

Recently, we screened hundreds of
types of microorganisms in U deposits locat-
ed in North America, Australia, and Japan
for their ability to accumulate significant
quantities of U and identified new strains
that do so, such as Bacillus subtilis in Aus-
tralia, Arthrobacter and Bacillus spp. in
North America, and Lactobacillus and Bacil-
lus spp. in Japan (Sakaguchi 1998). We dis-
cuss new strains of bacteria found in these
North American, Australian, and Japanese
U deposits, especially Arthrobacter, Lacto-
bacillus, and Bacillus spp., for their potential
to remove nuclear fuel elements such as U
from U refining wastewater and seawater.

Materials and Methods
Culture of Microorganisms
Microorganisms were grown in medi-

um containing 3 g/l meat extract, 5 g/l pep-
tone, and 5 g/l NaCl in deionized water. The
cultures of microorganisms, maintained on
agar slants, were grown in 300 ml of the
medium in a 500-ml flask with continuous
shaking (120 rpm) at 30oC. In order to have
a sufficient amount of the resting microor-
ganisms after separation from growth medi-
um, the cultures were grown for 72 h.

Removal of Uranium from Aqueous Solution, 
Uranium Effluent and Seawater Using Various Microorganisms

Isolated from Several Uranium Deposits

T. Tsuruta

Department of Biotechnology and Environmental Engineering, Faculty of Engineering,
Hachinohe Institute of Technology, Aza-Ohbiraki 88-1, Myoh, Hachinohe, Aomori,
031-8501, JAPAN, tsuruta@hi-tech.ac.jp

Abstract
Attempts were made to remove and recover uranium (U) occurring in nuclear fuel

effluents and mine tailings using bacteria isolated from U deposits in Canada, the United
States, Australia, and Japan. To establish which microorganisms accumulate the most U,
hundreds of strains of microorganisms were screened. Extremely high U accumulating abil-
ity was detected in some bacteria isolated from North American U deposits. Arthrobacter
and Bacillus spp. Cells removed U from refining waste water with high efficiency and accu-
mulated thorium with high efficiency. Lactobacillus cells isolated from Japanese U deposits
could remove more U from seawater than could microorganisms that had superior U
removal capacity in non-saline U solutions. Cells immobilized with polyacrylamide gel had
excellent handling characteristics. These microorganisms from U deposits can be used as
adsorbing agents for the removal of nuclear fuel elements which may be present in nuclear
effluents, mine tailings, seawater, and other waste sources.

Key words: Uranium accumulation, microorganisms, Arthrobacter, Lactobacillus,
Bacillus, immobilized microorganisms, thorium
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Cells were collected by centrifugation, washed
thoroughly with deionized water, and then
used in the following removal experiments.

Screening of Microorganisms Isolated
from Japanese Uranium Deposits for Their
Ability to Remove Uranium

U was supplied as UO2(NO3)2. The
pH of the uranium solution was adjusted to
5.8 with 0.1 M NaOH. For all studies in this
screening, U removal experiments were con-
ducted as follows. Resting microorganisms
(15 mg dry wt. basis) were suspended in 100
ml of solution (pH 5.8) containing 84 µM U
and the suspension was shaken for 1 h at
room temperature. Microorganisms were
then collected by filtration through a nitro-
cellulose membrane filter (pore size 0.2 µm).
Control studies confirmed that free uranium
was not adsorbed onto the filter.

The amounts of U removed by the cells
were determined by difference measure-
ments of the initial and the final uranium
content in the filtrate using an inductively
coupled plasma quantometer (ICPS8000,
Shimadzu Corporation, Kyoto).

Immobilization of Microbial Cells
Five grams of precultured Arthrobacter

cells were suspended in 4.5 mL isotonic
NaCl solution and 680 mg acrylamide
monomer. A total of 34 mg N, N'-methyl-
ene-bis(acrylamide), 0.3 mL 3-dimethy-
laminopropionitrile solution (5%) and 0.34
mL potassium persulfate solution (2.5%)
were added to the suspension. After solidifi-
cation, the gel was crushed into small pieces
(50-100 mesh), washed thoroughly with isoton-

ic NaCl solution followed by deionized water
and then used for adsorption experiments.

Removal of U from U wastewater by Batch
System using Immobilized Microbial Cells

Resting cells (15.0 mg dry weight) were
suspended in 100 ml of a solution (pH 6.0) of
wastewater containing 21.0  M U for 1 h at
room temperature.

Removal of U from U wastewater by
Column System using Immobilized Micro-
bial Cells

Uranium refining wastewater (100 mL,
pH 6.0) supplemented with 2.1 mM of U
were adsorbed on a column (bed volume 2
mL) of immobilized bacterial cells at a space
velocity of 10 /h at room temperature.

Removal of U from seawater by bacteria
Resting cells (15 mg dry weight basis)

were suspended in 100 ml solution (pH 8.0)
supplemented with 4.2 µM of uranium for 1h
at room temperature. To remove carbonate
ions from natural sea water, natural sea water
was acidified to pH 4 with 1N HNO3, boiled
for 10 min and then the pH value of the water
was restored to 8 with 1N NaOH solution.

Results and Discussion
Screening of microorganisms isolated

from U deposits for their U accumulating ability
To determine the ability of microor-

ganisms isolated from U deposits in Canada,
the United States, Australia, and Japan to
accumulate U, we screened hundreds of
strains of microorganisms.

Table 1. Accumulation of uranium using microorganisms isolated from soils or water at
uranium deposits.
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The quantities of U that the cells accu-
mulated ranged from a minimum of 10.9-% to
a maximum of 98.3-% (Table 1). Of special
interest is the wide range of effectiveness dif-
ferent microorganisms species exhibit in accu-
mulating U.

Of the microorganisms tested, we iden-
tified extremely high U accumulating ability
in Arthrobacter and Bacillus spp. found in
the U.S., Lactobacillus and Bacillus spp.
found in Japan, and Bacillus spp. found in
Australia (Sakaguchi,1998), all of which
accumulated large quantities of U per gram
dry wt. of microbial cells within 5 min.

Removal of U from U refining waste-
water by bacteria

As mentioned above, some microbial
species have a high U accumulating ability,
which suggests the possibility that they may
be used for removal of U from U mine tail-
ings, U refining wastewater and other waste
sources.

We attempted to remove U from U
refining wastewater sampled at the Ningyo-
toge Environmental Engineering Center of
the Japan Atomic Energy Agency using bacte-
ria exhibiting a significant ability to accumulate
U.Lactobacillus and Bacillus sp. isolated
from Japanese U deposits removed 88.1 and
74.4% U, respectively (Table 2), when solu-
tion pH was adjusted initially to 6.0. Solu-
tion pH gradually decreased, with Bacillus
cells being more adversely affected by pH
change than Lactobacillus cells. However,
both strains quantitatively removed U when
the pH was maintained at 6.0. These species
can thus remove U from U refining waste-
water with a high efficiency.

As described above, bacteria such as
Arthrobacter, Bacillus, and Lactobacillus sp.
can accumulate large quantities of U from
aqueous systems. However, the free cells of
these bacteria are not reusable because of
their mechanical instability and susceptibil-
ity to cell degradation. Furthermore, free
cells are not suitable for use in column sys-
tems, because they cause plugging. To over-
come these deficiencies with free cells, the
cells of Arthrobacter sp. US-10 having high
U accumulating ability were immobilized
with polyacrylamide.

Attempt were also made to remove U
from U refining wastewater using immobi-
lized microorganisms having a high ability to
accumulate U. 

Immobilized bacterial cells isolated
from U mines in the United States can also
remove U from the U refining wastewater
with high efficiency (Table 3).

Removal of U from seawater by bacteria
We also addressed the efficiency of

these bacteria in removing U from seawater
relative to their efficiency in non-saline solu-
tions. To do so, we examined the removal of
U from seawater supplemented with 4.2 µM
U using the bacteria isolated from the U
deposits. The concentration of carbonate in
seawater is ~2.34 x 10-3 M (Ogata et al.
1971). The amount of U removed by
Chlorella cells from solutions containing
1.196 x 10-3 M sodium hydrogen carbonate
was less at pH values above 6 than at pH 5
(Nakajima et al.1979). The decrease in the
amount of U removed from solutions con-
taining carbonate was estimated from the
amount of the UO2CO3 formed at pH 6 and
of UO2 (CO3)3

4- formed at pH values greater 

Table 2. U removal from U refining wastewater using microbial cels isolated from Japanese
uranium mine.
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Table 3. U removal from U refinig waste-
water using immobilized microorganisms
isolated from U mines.

than 7 (Nakajima et al.1979). As Table 4
shows, although the Lactobacillus sp.
removed 36.2% of U from seawater, it
removed almost twice as much (70.2%)
when the seawater was decarbonated.
Arthrobacter and Bacillus cells, which can
remove large amounts of U from non-saline
water, removed far less U from either seawa-
ter or decarbonated seawater compared to
Lactobacillus cells. Thus, Lactobacillus cells
have a greater potential in applications tar-
getting removal of large amounts of U from
seawater.

Conclusion
In U deposits located in Canada, the

United States, Australia, and Japan, we iso-
lated strains of bacteria such as Arthrobac-
ter, Bacillus and Lactobacillus sp. having a
significant ability to accumulate U. These
species removed U from U refining waste-
water with high efficiency. Lactobacillus also
accumulated U from seawater more effec-
tively than other microbial cells all of which

have high accumulating capacities, from
non-saline U solution.

These strains of Arthrobacter, Bacillus
and Lactobacillus can be used as an adsorb-
ing agent for the removal of nuclear fuel ele-
ments which may be present in nuclear fuel
processing effluents, mine tailings, seawater
and other environmental sources.
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Introduction
Many monomers are known not to

have the ability to polymerize with them-
selves, even under extreme conditions, but
which will copolymerize with other com-
pounds eg. Maleic acid anhydride copoly-
merizes with SO2 (1). Recently, copolymers
have become of very importance in industry,
because of the feasibility to prepare new con-
temporary polymers of certain physical and
mechanical characteristics by inserting cer-
tain composite units in polymer. For
instance, there can be a possibility of
improving many physical properties such as
increasing resistance to radiation, heat, and
chemical attacks (2).

In last years, polymers have possessed
a wide range of applications in various fields
of life. Polymers were potentially requested
in preparation of membranes (3) and ion
exchange resin beads (4) used for purifica-
tion and desalination of water as well as in
treatment of chemical and radioactive waste
materials.

The presence of any heavy metals such
as Zn (II), Cu(II), Cd(II), and Pb(II) in exces-
sive quantities will definitely interfere with
many beneficial uses of water. 

Nowadays, many separation methods,
involving solvent extraction, ion-exchange,

co-precipitation, membrane filtration, bio-
sorption and common adsorption, have been
developed and used to wipe off HM ions
from different aqueous solutions with broad
range of concentration. Generally, ion
exchange and sorption are mostly preferred
for removal of HM ions due to effectiveness
and easy handling (5).    

Recently, we succeeded in synthesizing
very microned-sized resin beads made of an
(UP-St) as ion exchangers for the removal of
Zn (II), Cu(II), Cd(II), and Pb(II) in aqueous
solution using batch mode.  

Experimental
Materials & Chemicals:
Chemicals.
Unsaturated Polyester, composed of:

Propyethlene glycol (PEG), Maleic acid, and
paraphthalic acid were supplied by Saudi
Industrial Resins Ltd., Saudi Arabia. Styrene
monomer by Eurostar Scientific Ltd, Eng-
land. Urea Formaldehyde (UF), by Grandy
Co., Egypt. Polyvinyl alcohol (PVA), and
Hydroxypropyl Methylcellullose (HPMC),
by Riedel-deHaen AG, Germany. 

Preparation of Polymeric Resin Beads.
For suspension polymerization experi-

ments, a so-called glass reactor with capacity
of 0.5 L and a diameter of 10 cm was used. 

Synthesis & Application of an Unsaturated Polyester Styrene as Ion
Exchangers for Removal of Zn (II), Cu(II), Cd(II), and Pb(II)

from Aqueous Solutions

M.O. Sulyman, J.A. Abudaia, M.A. Maatoug, K.Y. Azabi

Chemistry Dept., Renewable Energy and Desalination of Water Center, P.O.Box
30878, Tripoli-Libya 

Abstract
The aim of this work was to prepare a very micron-sized ionic exchange resins made

of an emulsion polymerization of unsaturated polyester (UP) with monomers of styrene
units (St) in 1.5: 1 ratio respectively. The polymerization technique was achieved by the
use of irradiation technique ranged between 10 - 80 Gy. 

Confirmation of final preparation was made by use of Fourier Transformation
Infrared Spectroscopy (FTIR). The control in diameter of such resin beads within a range of
4.0 - 200  m was reached by manipulation of viscosity, type of matrix, and rate of mix. 

Such polymeric resin beads were shown to be effective for removing Zn (II), Cu(II),
Cd(II), and Pb(II) heavy metals (HM) from aqueous solutions. During the removal process,
batch mode technique was used, and the effects of pH, contact time and (HM) concentra-
tions on adsorption efficiency were studied. Under the experimental conditions, the
removal efficiency of polymeric resin beads in removing such metals were 66%, 78%, 56%,
and 83% respectively.

Key words: Unsaturated polyester styrene, Gamma irradiation,  suspension polymer-
ization, Batch mode 
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The reactor had a flanged top and a
dish base. A double flat 4-bladed impeller
with diameter of 4 cm was used in order to
ensure the complete dispersion of the
monomer in the highly continuous phase.
The suspension polymerization was run in a
nitrogen gas atmosphere in the reactor.

Gamma Irradiation Technique. 
This method of irradiation process is

based on agitation of radiation cured copoly-
mer type as (UP) containing 40% (St)
monomer, UP-St. within non-miscible and
viscous polymeric solution and also non-
cured with radiation as HPMC or UF. If
gamma rays pass through the suspended
UP-St. (liquid Spheres), solid spheres will be
obtained as UP-St. resin beads. Two different
kinds of beads prepared using radiation
processes will be discuss herein this study.

UP-St. as an oligomer as an emulsified
type was blended with PVA as a solution of
6% in water and stirred till emulsion has been
occurred giving a milky oligomer then added
to a solution of HPMC (1.5% in water) with a
continuous agitation giving a suspended
white spheres of emulsified copolymer
through the solution of HPMC. The suspend-
ed solution was irradiated through gamma
irradiation at 70 Gy well till obtain a solid
resin beads of UP-St. suspended via HPMC
solution as shown in table (1, Batch I).

The other UP-St resin beads were pre-
pared in its pure form that depends mainly
on the phase separation between immiscible
polymers. UP-St. (as solvent base) and UF
60% in water mixed with PEG (as water
base) are representing two kinds of different
and immiscible polymers. The two polymers

were mixed and stirred well at ambient tem-
perature, till the full suspension of UP-St.
copolymer via UF and PEG was clearly
appeared as separated and suspended liquid
spheres from copolymer (uncured). Gamma
irradiation was applied immediately to cure
the suspended copolymer spheres at 20 Gy.
Copolymer liquid spheres change after irra-
diation curing to solid spheres (resin beads)
of pure UP-St. copolymer. Table (1, batch II)
shows the typical ratios and conditions for
preparing the beads.

Instrumentation
Viscometric measurements were per-

formed at P.R.C. Laboratories using a
HAAKE PK 100 viscometer Type 0016295,
Germany.

The Shore-A test was accomplished for
measuring surface hardness, according to
D2240 standards in ASTM, model 306 L type
A, D durometer for soft and hard plastics.
Mechanical stirrer with a semicircular anchor-
type blade, model 7813D Type-RW 20, speed
ranged from 60 - 2000 rpm model V50-1000.,
GMBH Co., supplied by TRC Laboratories.
Rotary shaker (GFL3005 model; a German
made) for Batch mode experiment.

Transparent and solid beads were
observed within a hard matrix of UF. Ham-
mering and grinding processes may be need-
ed to release and separate the beads. Resin
beads appear after separation as a glassy and
slightly yellow sphere type confirming its
composition as a pure UP-St. copolymer.
The beads diameter may vary from one to
another, due to the precipitation of beads,
which actually resulted from the lack of agi-
tation process during the irradiation curing.

Table 1. Irradiation preparation (batch I).
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Fourier Transform Infrared Analysis.
FTIR spectra (Fig. 1-A & 1-B) show

that the spectra of absorption beaks of
around 780 cm-1 and 1641 cm-1 indicating
the C=C in styrene and unsaturated poly-
ester respectively. However, the absence of
an absorption band of such wavelengths for
the final product suggests that cross-linking
occurred between the styrene and the unsat-
urated polyester chain at C=C active site of
the unsaturated polyester (Fig. 1-C). The
absent of these bands is also being observed
from the spectra of polymerized material in
unsaturated polyester resins (6). 

Figure 1. FTIR Spectrum of (A) St.
monomer, (B) Polyester, (C) Polyester
Styrene.

Factors Affecting the Resin Beads For-
mation.

Immiscible Dispersant Matrix and its
Viscosity.

As shown in Fig. (2) the viscosity of
matrix plays the main role to control the
beads diameter (particle size) and conse-
quently the number of beads produced. Low
viscosity of HPMC gives a big size of beads
and decreased by increasing the viscosity.
This is believed to be due to the thick layer of
protective colloid HPMC which may formed
around the separated resin beads spheres

before the process of curing. Also, at a low
concentration (viscosity) matrix HPMC
where, it cannot sufficiently cover the sur-
face of particles (beads spheres), leading to
some particle coalescence. In this case, the
number of particles would decrease, the par-
ticle size would increase, and a wide distribu-
tion would be obtained (4,5) 

Figure 2. Matrix viscosity effect on Resins
Size.

Agitation Rate.
As shown in Fig. (3), good agitation

was generally required to ensure a complete
mixing of the reaction mixture and to pre-
vent sedimentation to the bottom of the ves-
sel (4). It is seen that, the size of the resulting
particles could be effectively controlled by
adjusting the agitation rate. In general,
increasing the rate of agitation corresponds
to increasing the shear force, which causes
the particle size to decrease. Additionally,
the dispersant in this system acts like a spac-
er or matrix between particles that inhibits
coalescence. 

These dispersants would adsorb on the
surface of particles, thus preventing the par-
ticle contact. As agitation rate increases, the
space becomes smaller due to the system
being more dynamic. As a result, smaller
particles will be generated (4). 

Figure3. Agitation rate effect on Resins Size.
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The Effect of pH on Swelling.
The pH dependence of swelling at

ambient temperature is shown in Fig. (5).
The resin beads were all (Two Batches)
shrunk at pH < 3. However, resin beads
started to swell as pH started to increase
towards neutrality. Sw values of batches I, &
II were observed to be approximately 45%, &
86% respectively. The gaps between batch I
& II are assumed to be strongly dependent
on the formation of networks crosslinked
between the polyester and styrene
monomers in both types.

Figure 4. The pH dependance of equilibrium
swelling .

Batch Experiment
Adsorption was performed in batch

mode experiment (for the advantage of local
equilibrium assumption), where 100 ml of
heavy metal solutions was added to 5 g of
exchangers in conical flasks and mixed with
rotary shaker. 

The effect of pH
The effect of pH on Zn (II), Cu(II),

Cd(II), and Pb(II) adsorption onto UP-St ion
exchangers was studied over a pH range of
3.0 - 9.0 at 25 oC. The procedure followed
was with 5 g exchangers and 100 ml of 100
mg/l heavy metal ions concentration. As
shown in Fig. 6, it was apparent that the
removal efficiency percentage of each (HM)
ion increased with increasing pH till reach-
ing 6.5, then started to decrease slightly with
increasing pH, with most preferability to pb
(II) ions. 

The main factor effecting pH on the
removal efficiency is the species of the those
(HM) ions. In low pH, most Pb(II) species
(and other HM ions) exist as pb2+ ions, and
only a small portion of pb(OH)+ ions are
also present in case of pH approaching 6.
The final equilibrium pH of the reaction
mixture was found to be 2.6, 4.9, and 6.5 for
the exchangers, when initial pH was 3.0,

5.5, and 8.0 respectively. And as can be
noticed that final pH values were always less
than initial pH, indicating that H+ ions
were released from the surface of the
exchangers as (HM) ions were adsorbed,
indicating the adsorption of such ions in an
ions exchange mechanism. The negative
charge on the surface of carbon increased
since the functional group became more and
more deprotonated with increasing pH.
Thus, the electrostatic attraction between
the adsorbent and the HM ions increased
with increasing pH. 

Figure 5. UP-St removal efficiency as effect-
ed by pH.

The effect of contact time and the ini-
tial conc.

Fig. 8 shows the effect of contact time
on the adsorbed amount of studied (HM)
ions from their aqueous solutions with dif-
ferent initial concentrations of 50 and 100
mg/l for four of them at 25 oC. It was
observed that adsorption of those (HM) ions
increased sharply with contact time in the
first 20 min and attained equilibrium with
removal  efficiency percentage values of
66%, 78%, 56%, and 83%, within 35, 30,
40, and 25 min, in respect to Zn(II), Cu(II),
Cd(II), and Pb(II). Once again, the variations
detected perhaps due to the type of species
and their solubilities at different pH values.
Yet, it still show rapidity in removal efficien-
cies for four (HM) ions, which was perhaps
due to the participation of specific function-
al groups on the adsorbent surface (4).

It is also clear from Fig. 7 that the effi-
ciency of adsorption increased reaching their
max. values with increase in initial concen-
tration of all HM ions from 50 mg/l to 100
mg/l, indicating the suitability and availabil-
ity of the active sites in UP-St resins beads.
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Figure 6. Effect of initial conc. and time on
removal.

Conclusion
In the present work, ion exchangers

made of micron-sized resin beads of  unsatu-
rated polyester styrene using suspension
polymerization. Such exchangers were effi-
ciently used in a batch mode technique for
the removal of  Zn(II), Cu(II), Cd(II), and
Pb(II) reaching maximum values of 66%,
78%, 56%, and 83% respectively, in a time
of 35, 30, 40, and 25 min, respectively.
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Introduction
The biosorption efficiency of heavy

metals by microbial biomass is mainly con-
nected with a various structure of microor-
ganism cell wall. The cell wall structure
determines the nature of the interactions
between the organisms and metals. The cell
wall of different microorganisms, species or
even strains vary considerably in its overall
composition, which leads to varying adsorp-
tion capacity, affinity and specificity. Cell
wall phosphates and carboxyl groups have
been reported to be the major determinant of
yeast cell surface charge. Yeast cell walls are
negatively charged and the ability of yeast
cells to bind heavy metal cations is likely due
to electrostatic interactions. Cell surface
hydrophobicity may also affect biosorption
capacity, facilitating hydrophobic bonds.

In this work yeast surface properties in
relation to cadmium, lead and copper bind-
ing by yeast was studied.

Materials and Methods
Saccharomyces pastorianus W34/78

(Hefebank Weihenstephan) and Saccha-
romyces cerevisiae (LOCK 0271) were culti-

vated from pure culture in wort broth
(Merck) for 48h at temperature 25°C. Then
biomass was harvested by centrifugation
(3000×g, 5min.) and washed twice with
deionised distilled water. Waste yeast bio-
mass was provided by a local brewery. Metal
ions solutions of cadmium, lead and copper
were made by dissolving analytical grade
Pb(NO3)2, Cd(NO3)2×4H2O and CuSO4
in deionised distilled water.

Biosorption experiments were per-
formed with shaking at 150 rpm at constant
temperature of 10°C for 30 min using 100
mL of 10 mg L-1 Cd2+ and Pb2+ solutions
and 2 g of wet biomass, which corresponded to
0.42 g of dry biomass. pH vaue of the solution
was adjusted to 6.0 or 5.0 with 0.1 mol L-1
HNO3 or NaOH. Following the cadmium,
lead and copper biosorption biomaterials
were separated by centrifugation (3000×g, 3
min.) and the concentration of residual
Cd2+, Pb2+, Cu2+ ions in the supernatant
was determined by atomic absorption spec-
trometry (AAS, GBC 932 Plus). All experi-
ments were conducted in triplicate and the
mean values were used in data analysis.

Studies on Surface Properties of Yeast Cells 
During Heavy Metal Biosorption 

E. Kordialik-Bogacka

Institute of Fermentation Technology and Microbiology, Faculty of Biotechnology and
Food Sciences, Technical University of Lodz, Wólczańska Street 171/173, 90-924
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Abstract
Biosorption of heavy metals by microbial biomass is an innovative and alternative

technology for removal of these pollutants. It is particularly promising for the treatment of
large volumes of effluents with low concentration of pollutants. The mechanism of metal
biosorption is complicated and requires further elucidation. Metal ions most likely bind
onto the cell surface by complexation, coordination, ion exchange, adsorption (electrostatic
interactions, van der Waals forces), microprecipitation or some combination of these
processes. Both properties of metal solution, environmental conditions and the type of bio-
materials (microorganism genus, species or even strain), influence the mechanism of metal
biosorption and consequently metal adsorption capacity, affinity and specificity. The cell
surface properties determine the metal-microorganism interactions to a large extent. In this
work the relationship between surface properties of yeast cells and the removal efficiency of
lead, cadmium and copper by various strains was investigated. Surface charge and hydropho-
bicity before and after biosorption were monitored. Cell surface charge and hydrophobicity
were determined using dye retention and solvent partition assays [1, 2]. There were differ-
ences in the surface charge and relative hydrophobicity among different yeast strains. The
higher adsorption capacity for more negatively charged yeast cells was observed. Biosorption
of heavy metals resulted in modifications to the surface charge and hydrophobicity of yeast
cells. Changes in the surface charge and hydrophobicity of biomass after binding of heavy
metals did not depend on the nature of the metal, initial metal concentration or solution pH
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Surface charge and hydrophobicity
before and after biosorption were monitored.
Negative cell surface charge was measured
by the degree of adsorption of Alcian Blue
dye. Alcian Blue is a phthalocyanine com-
plex that has four positively charged sites in
the molecule and is adsorbed by negatively
charged cell surfaces, especially the manno-
sylphosphate moiety (Fukudome et al.,
2003). The degree of this dye's adsorption
reflects the magnitude of the cell surface's
negative charge. Yeast cells at a concentra-
tion 5×107 mL-1 were washed twice in phos-
phate buffer (pH = 7.0) and harvested by
centrifugation at 1430×g for 5 min at 4°C.
Then yeast was suspended in 0.02 mol L-1
sodium acetate buffer (pH = 4.0) and
washed twice with the same buffer. Yeast
was incubated with 1.8mL of Alcian Blue
tetrakis-chloride solution (50mg L-1 in the
buffer for 30 min at 25°C. After centrifuga-
tion at 20,000×g for 10 min at 20°C the
supernatant was decanted and its
absorbance (A) was measured at 615 nm.
The Alcian Blue retention ratio (ABR) was
calculated according to the following formu-
la: 

ABR=(AABsolution-Asupernatant) × 100 /
AABsolution

The ABR was expressed as the mean of
three experiments. 

The relative hydrophobicity was esti-
mated by solvent partition assays (Powell et
al., 2003). Yeast cells were washed twice in
phosphate buffer (pH = 7.0) and diluted to a
concentration of 5×107 cells mL-1. 20mL of
suspension was mixed with 5 mL of xylene,
transferred to a separatory funnel, shaken for
30 s and allowed to stay for 30 min. When
two phases were completely separated, yeast
cells in aqueous layer were calculated in the

Thoma counter. The relative hydrophobicity
was expressed as the ratio of the yeast cell
number in the aqueous phase after emulsifi-
cation (Ne) to the yeast cell number in the
aqueous phase before emulsification (N). 

RH= (1- Ne/N) × 100

Results and Discussion
There were differences in the surface

charge and hydrophobicity among the
employed yeast biomass (Tables 1-4). The
negative surface charge was the highest for
S. cerevisiae and the lowest for waste yeast.
On the contrary the relative hydrophobicity
of S. cerevisiae was the lowest. There was a
strong correlation between the negative sur-
face charge of yeast cells and the relative
hydrophobicity (R2=0,999). 

The relative hydrophobicity of yeast
showed mainly the presence of hydrophilic
groups at the surface. Hydrophilic molecules
are generally polar or charged while
hydrophobic are non-polar (Laurent et al.,
2009). A lower relative hydrophobicity and a
higher negative surface charge can be related
with a better availability of polar/charged
groups such as carboxyls, mannosylphos-
phates at the yeast cell surface. It is likely
that the biggest number of negative and/or
polar sites at the yeast surface results in the
higher number of active sites for fixation of
heavy metals. And in fact the metal biosorp-
tion effectiveness was affected by the relative
hydrophobicity and the surface charge of bio-
mass (Tables 1-5). There was a relation
between the relative hydrophobicity, the sur-
face charge of yeast biomass and the capabil-
ity for sorption of cadmium, lead and copper.
The findings showed that the negative sur-
face charge and the relative hydrophobicity
of biosorbent could play a role in sorption of
heavy metals.

Table 1. The negative cell surface charge of different biomass measured after biosorption of
Cu2+, Cd2+, Pb2+ from solutions at 0.05 g L-1 and 0.1 g L-1 concentration at pH = 5.
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Table 2. The negative cell surface charge of different biomass measured after biosorption of
Cu2+, Cd2+, Pb2+ from solutions at 0.05 g L-1 and 0.1 g L-1 concentration at pH = 6.

Table 3. The relative hydrophobicity of different biomass measured after biosorption of
Cu2+, Cd2+, Pb2+ from solutions at 0.05 g L-1 and 0.1 g L-1 concentration at pH = 5.

Table 4. The relative hydrophobicity of different biomass measured after biosorption of
Cu2+, Cd2+, Pb2+ from solutions at 0.05 g L-1 and 0.1 g L-1 concentration at pH = 6.

By now the relation between the heavy
metal sorption effectiveness and the surface
charge and relative hydrophobicity of biosor-
bent was only shown for activated sludge. In
Laurent et al. study (2009) the increase of
the negative surface charge and decrease of
the relative hydrophobicity of sludge due to
sonication caused the increase of the avail-
ability of fixation sites of metal ions at the
surface of the flocs and consequently the

increase of the cadmium and copper adsorp-
tive capacity. 

Hydrophobic properties of biosorbents
were investigated when organic compounds
were bound. Hydrophobic interactions have
been described as an important mechanism
in the sorption of natural organic matter
onto organic coated minerals or organic par-
ticles in soil. A comparative study on the
biosorption capacity of phenol and
chlorophenols by acclimated residential 
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biomass at different pH values showed that
the adsorption amount of phenol and
chlorophenols was greatly correlated to their
hydrophobicity (Antizar-Ladislao and Galil,
2004).

Table 5. The heavy metal uptake capacities
of different biomass

The decrease of the negative surface
charge after biosorption of heavy metals per-
formed at pH=5 was observed for S. cerevisi-
ae. The higher metal concentration in solu-
tion the higher decrease in the negative sur-
face charge was found. The negative charge
on a surface of S.pastorianus cells did not
have a statistically significant tendency to
change due to sorption of heavy metals. In
turn, there was a growth in the negative
charge on the surface of waste yeast cells. 

When biosorption process was con-
ducted at pH=6 the lowering of the negative
charge at the surface of S. cerevisiae was also
seen. The magnitude of these changes was
not connected with the metal concentration
as it took place at pH=5. The decrease of the
negative surface charge was found for S. pas-
torianus either. And again there was the
increase in the negative charge at the surface
of a waste yeast cells, the highest after sorp-
tion of copper and lead.

The relative hydrophobicity after
biosorption of cadmium and lead by S. cere-
visiae at pH=5 increased. When copper was
removed the increase in hydrophobicity was
not statistically significant. The statistically
significant increase in hydrophobicity was
observed after metal uptake at the concen-
tration  0.05g L-1 by S. pastorianus. There
were not statistically significant changes in
hydrophobicity after biosorption by waste
yeast as well as by S. cerevisiae and S. pasto-
rianus performed at pH=6. But the lowering
of hydrophobicity of waste yeast cells was
observed after metal uptake at pH=6.

The tendency of changes in the relative
hydrophobicity and surface charge after

biosorption were not the same for yeast cul-
tivated from pure culture and waste bio-
mass. It can result from the contamination
of waste yeast.

Owing to the fact that not all the
changes in the relative hydrophobicity of
yeast cells and the surface charge were statis-
tically significant it can not be concluded
that after biosorption the decrease of the rel-
ative surface charge of yeast cultivated from
pure yeast culture and the increase of the rel-
ative hydrophobicity was seen as well as the
decrease of the negative surface charge due to
biosorption of heavy metals corresponded to
the increase in the relative hydrophobicity of
cells.

Conclusion
The higher relative hydrophobicity and

the lower surface charge of yeast cells the
lower effectiveness of removal of copper, lead
and cadmium by this biomass was found.
There were not the same changes in the rel-
ative hydrophobicity and the surface charge
after biosorption of metals for all studied
yeast biomass. 
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Introduction
Large quantities of heavy metals

released into the natural environment have
resulted in a number of environmental prob-
lems. Such pollutants are not biodegradable,
accumulate in nature and in specific limits
cause various diseases and disorders
(Friberg, 2009; Hubicki et al. 1999). Classi-
cal techniques of heavy metal removal from
solutions include such processes like precip-
itation, electrolytic methods, ion exchange,
evaporation and adsorption. Among these
methods ion exchange receives considerable
interest with high efficiency and low opera-
tional costs. The main advantages of ion
exchange over chemical precipitation are
recovery of metal value, selectivity, less
sludge volume produced and meeting of
strict discharge specifications. Among the
materials used in ion exchange processes,
synthetic resins are commonly preferred as
they are effective and inexpensive. In litera-
ture, there have been various investigations
about removal of heavy metals by ion
exchange resins. However, the presence of
the complexing agents in waste solutions
enhances the difficulty of removing heavy
metals, such as copper, zinc, cobalt, nickel,
cadmium and lead. Therefore, it is of impor-
tance taking into account the growth in the
use of the chelating agents in different
branches of industry and agriculture. It
should be stressed that the complex forma-

tion capacity of chelating agents plays an
important role in the distribution of transi-
tion metals in the aquatic environment and
in their remobilizing from the sediments.
Moreover, the negative side of the chelating
agents such as EDTA (ethylenediaminete-
traacetic acid), DTPA (diethylenetriamine-
pentaacetic acid), or HEDTA ((hydrox-
yethyl)ethylenediaminetri- acetic acid) is
their low biodegradability. Chelates have
also been implicated in eutrophication in
natural systems (Sykora et al. 2001; Fuer-
hacker, 2003; Munn et al. 2004). 

Lately more attention has been paid to
the complexing agents of new generation
characterized by much better biodegradabili-
ty (Knepper, 2003). In this group a great
attention is paid to:

IDS N-(1,2-dicarboxyethylene)-D,L-
asparagine acid,  EDDS ethylenediaminedis-
uccinic acid, GLDA N,N-bis(carboxylmethyl)-
L-glutamic acid and MGDA methylglycinedi-
acetic acid (Kołodyńska, 2010). Their structur-
al formulae are presented below:

Role of Chelating Agents of a New Generation in Sorption of Metal Ions
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Abstract
The comparison of Cu2+, Zn2+, Ni2+ and Cd2+ sorption in the presence of MGDA

on the strongly basic anion exchanger Amberjet 4400 was studied. As previously stated the
complexones of new generation such as IDS N-(1,2-dicarboxyethylene)-D,L-asparagine
acid, EDDS ethylenediaminedisuccinic acid, GLDA N,N-bis(carboxylmethyl)-L-glutamic
acid and MGDA methylglycinediacetic acid influence on the effectiveness of sorption of
heavy metal ions on different ion exchangers. Determination the effect of different chemical
conditions on the ion exchange capacity and on the kinetics of Cu2+, Zn2+, Ni2+ and
Cd2+ permitted for optimalization of heavy metal ions removal. Among others, the effects
of the phase contact time, pH, concentration of the solutions and temperature were studied.
The most representative isotherm model to describe complexes sorption and the mathemat-
ical models describing kinetics of sorption were proposed.  

Key words: Heavy metals, chelating agents, ion exchange, biodegradation, methyl-
glycinediacetic acid
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So far the influence of the above-men-
tioned complexones on the effectiveness of
heavy metal ion sorption was tested for the
strongly, weakly and medium basic poly-
styrene anion exchangers as well as the
chelating ion exchangers (Kołodyńska et al.
2008; Kołodyńska, 2009a; Kołodyńska,
2009b; Kołodyńska 2010). It was found that
the sorption depends on the type of chelating
agent used, the kind of ion exchanger as well
as on the external conditions such as con-
centration, pH, time of the treatment, inter-
fering ion presence. In the case of anion
exchanger the sorption mechanism is ion
exchange whereas for chelating ion exchang-
ers both ion exchange and chelation of metal
ions take place.

In the presented paper the evaluation
of the effects of the phase contact time, pH,
temperature, concentration of the solutions,
and regenerating agent on the ion exchange
capacity and the kinetics of Cu2+, Zn2+,
Ni2+ and Cd2+ in the presence of MGDA
on Amberjet 4400 were studied.

Materials and Methods
The strongly basic anion exchanger

Amberjet 4400 (Rohm and Haas, France)
proposed for many water treatment applica-
tions, the total anion exchange capacity of
1.40 meq/mL, the particle size of 0.58 +/-
0.05 mm, the thermal stability up to 333 K
was used. CuCl2 2H2O, ZnCl2, NiCl2
6H2O, Cd(NO3)2 were used as sources of
Cu2+, Zn2+, Ni2+ and Cd2+. MGDA
(BASF, Germany) was used to react with
appropriate solutions of these metal ions at
pH without adjustment. The stock solution
was further diluted to the required experi-
mental concentration. The other chemicals
used were of analytical grade. The adsorp-
tion performance of metal ions on a selected
anion exchanger was investigated by batch
and column tests. 250 mg of resins were sus-
pended in 25 mL solution in flasks, which
were placed in the thermostatic shaker. At a
desired temperature, the flasks were shaken
for 2 h, which proved to be enough to reach
sorption equilibrium. The solutions were fil-
trated, and the concentrations of metal ions
in the filtrate were determined by the AAS
method. The sorption capacity was calculat-
ed by the following equation:

q=(c0-ce)V/m             (1),
where: q is the adsorption capacity

[mg/g], c0 is the initial concentration of solu-
tion (mg/L), ce is the concentration after

sorption (mg/L), V is the volume of the solu-
tion used for sorption (L), and m is the mass
of the dry resin (g). 

The breakthrough curves were deter-
mined using 10 mL of the swollen anion
exchanger. The prepared solutions of com-
plexed metal ions were passed continuously
downwards through the resin beds keeping
the flow rate at 0.6 mL/cm2min. The efflu-
ent was collected in fractions to determine
the M2+ content by the AAS method.      

Results and Discussion
The heavy metal complexes 
The removal of Cu2+, Zn2+, Ni2+

and Cd2+ in the presence of organic ligands
occurs mainly due to formation of negative
complexes between the ligand and the metal
ion, which interact with the ionized func-
tional groups of the ion exchanger. In the
case of the chelating ion exchangers such as
Purolite S 920, Purolite S 930, Lewatit TP
208, Diphonix or Dowex M 4195 sorption of
simple metal ions takes place. Therefore, the
main parameter which affects their sorption
is the value of the stability constant of the
appropriate complexes. 

The complexation of IDS, DS, EDDS,
GLDA and MGDA is characterized by the
formation of stable 1:1 metal to ligand com-
plexes as the major species according to the
reaction:

Mm+ + L4- = [ML](4-m)- .   (2),      
where L=iDS, EDDS and GLDA,  

Mm+ + L3-= [ML](3-m)- ..   (3),     
where L=MGDA.
The stability constants for the forma-

tion of metal complexes can be defined as: 
Kn=[MHn-1L ][H+]/[M][HnL]    (4),  

where M is the metal concentration; L
is the acid ligand concentration and MHn-1L
is the metal organic complex concentration.
The stability constants are as follows: for
Cu2+, Zn2+, Ni2+ and Cd2+ complexes
with IDS: 13.1; 10.8; 12.2; 8.4, respectively.
For EDDS 13.1; 13.4; 16.7; 16.4, GLDA
13.1; 10.0; 10.9; 9.1 and MGDA 13.9; 11.0;
12.0, not available, respectively.  

The effect of the phase contact time
Fig. 1 shows the example of the studies

concerning the effect of the phase contact
time on the sorption capacity of Amberjet
4400 towards Cu2+, Zn2+, Ni2+ and
Cd2+ in the presence of MGDA. The sorp-
tion capacities of metal complexes increase
by increasing the phase contact time during
the first 1 h, and then they are on the whole
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constant. In general, the three main steps
involved in metal ions removal on a selected
anion exchanger can be distinguished: the
transport of the complexes from the solution
to the anion exchanger surface; sorption on
the surface and transport within the anion
exchanger. Because the sorption is a chemi-
cal process, the second step is fast. Also the
transport within the anion exchange matrix
is rapid, which indicates that the metal com-
plexes interact with functional groups of the
anion exchangers. The maximum sorption
capacities were found for Cd2+ and the min-
imum was for Ni2+. The sorption values
depend on the metal ion in questions and
follow the order:
Cd2+>Cu2+>Zn2+>Ni2+. This obser-
vation is in agreement with the stability con-
stants presented above. As follows from the
kinetic analysis the sorption can be reported
as the pseudo second order kinetic process.
Therefore the following ion exchange reac-
tion can be proposed:

2R-N+(CH3)3Cl-+[ML]2-=
R-N+(CH3)3]2[ML]2-+2Cl- (5)

Figure 1. The effect of the phase contact
time on sorption of Cu2+, Zn2+, Ni2+ and
Cd2+ in the presence of MGDA on Amber-
jet 4400.

The effect of concentration
Fig. 2 presents the effect of different

metal ion concentrations on the sorption
capacity. It was shown that in the range from
1 min. to 2 h the sorption capacity increases
with the increasing concentration of copper
complexes with MGDA from 1x10-3 M to
7x10-3 M. The similar effect was observed in
the case of other complexes.  

The sorption parameters (qe,cal)
obtained from the Langmuir equation for the
studied complexes of copper, zinc, nickel
and cadmium are equal to: 26.3 mg/g, 21.9
mg/g, 18.6 mg/g and 94.3 mg/g, respectively.
These values are almost in agreement with
the experimental sorption capacities (qe,exp).

Figure 2. The effect of concentration on
sorption of Cu2+ in the presence of MGDA
on Amberjet 4400.

The effect of pH 
Due to the protonation and deprotona-

tion of the functional groups of the ion
exchangers the sorption behaviour for metal
ions is influenced by the pH values. For
strongly basic anion exchangers the sorption
efficiency is almost constant, whereas for
medium and weakly basic ones is higher at
low pH. In the case of chelating ion exchang-
ers the effect of pH is neglectable. Therefore,
in the case of Amberjet 4400 the test was
limited to the pH range from 1.0 to 12.0 (Fig. 3).
The sorption capacities of metal complexes
in question increase by increasing pH values
within the studied range. At pH 1 only in the
case of Ni2+ complexes sorption capacity
reached the maximum value. At pH 2.0-6.0
for all metal complexes sorption capacities
reached different values depending on the
nature of metal ion used and the sorption
follows the order:
Cd2+>Zn2+>Ni2+>Cu2+.

Figure 3. The effect of pH on sorption of
Cu2+, Zn2+, Ni2+ and Cd2+ in the pres-
ence of MGDA on Amberjet 4400. 

The effect of temperature 
As follows from Fig. 4 the sorption of

metal complexes decreases by increasing
the temperature from 293 K to 333 K at the
optimum treatment time 2 h. This can be 
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explained in terms of higher stability of
formed chelates at lower temperatures as
generally observed for low molecular weight
complexes. 

Figure 4. The effect of temperature on sorp-
tion of Cu2+, Zn2+, Ni2+ and Cd2+ in the
presence of MGDA on Amberjet 4400. 

The column studies
Based on the calculated values of the

mass (Dg) and volume (DV) distribution
coefficients as well as the working (Cw) ion
exchange capacities it was found that the
affinity order of the studied complexes
towards Amberjet 4400 is as follows:
Cd2+>Cu2+>Zn2+>Ni2+. 

The obtained results are in agreement
with those obtained from the batch studies.
The breakthrough curves of Cu2+, Zn2+,
Ni2+ and Cd2+ complexes with MGDA on
Amberjet 4400 are presented in Fig. 5. 

Figure 5. The breakthrough curves of Cu2+,
Zn2+, Ni2+ and Cd2+ in the presence of
MGDA on Amberjet 4400. 

Conclusions
The sorption behaviour of Amberjet

4400 towards heavy metal complexes with
MGDA was investigated under different con-
ditions including metal ion concentration,
pH, treatment time and temperature. It was
found that this is effective for the removal of
different heavy metal ions from aqueous solu-
tions and the affinity series follows the order:
Cd2+>Cu2+>Zn2+>Ni2+. It would be

interesting to use for the economic treatment
of effluent containing the above-mentioned
metal ions. The obtained affinity for Amberjet
4400 can be explained in terms of the differ-
ences between the metal ions in questions
with respect to relative atomic size, metal ions
charge density and reactivity as well as the
ability for metal complexes to interact with the
quaternary ammonium functional groups of
the anion exchanger connected with the stabil-
ity constant of these complexes.
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Abstract

Intensive development of the atomic and thermal energetics, extension of the uranium
production, mining and treatment industry, increasing of the metallurgy of ferrous and non-
ferrous metals at the end of XXth century was connected with accumulation of the tremen-
dous quantity of different toxic wastes and also with contamination of significant territories.

The goal of our work is to investigate the possibility of removing uranium as one of the
dangerous radionuclides from waters by different efficient and economical methods [1, 2].

The natural layer silicates were used as raw materials to prepare the novel sorptive
materials by its modification for iron salts and thermal treatment and at the result obtained
special characteristics for the water purification from radionuclides, uranium specially. The
effect of thermal treatment and modification of lay silicates on the parameters of porous
structure and sorption ions uranium (VI) with water solutions were investigated by adsorp-
tion, chromatograph methods, IR-spectroscopy and X-ray analyses. 

[1] Denisova, T.I., Tobilko, V.Yu., Spasonova, L.N., Tsyba, M.M. and Kornilovych
B.Yu. J. Chemistry, Physics and Technology of Surface 15, 130-137 (2009) (in Russian). 

[2] Tobilko, V.Yu., Kornilovych, B.Yu., Denisova, T.I., Kovalchuk, I.A. and
Kravchenko, O.V. Reports of the National Academy of Sciences of Ukraine 5, 150-155 (2010)
(in Ukrainian).
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Introduction
Chromium exists in both the Cr(III) and

Cr(VI) oxidation states in the environment.
Hexavalent chromium compounds are more
soluble, mobile and bioavable compared to
sparingly soluble trivalent chromium species.
Cr(III) is essential to mammalian systems,
Cr(VI) is dangerous for humans due to its tox-
icity and carcinogenic properties. Since the
compounds of chromium especially Cr(VI)
species, are known to affect human health,
the maximum level permitted in wastewater
are 5 ppm for trivalent chromium and
0.05 ppm for hexavalent chromium Acar and
Malkoc(2004), Arslan and Pehlivan (2007).
The elimination of toxic and hazardous
chemical substances such as chromium (VI)
from waste effluents is a major concern world-
wide. Pehlivan and Cetin investigated sorp-
tion of Cr(VI) from aqueous solutions with
macroporous resins which contain quater-
nary ammonium groups (Lewatit MP 64 and
Lewatit MP 500). The optimum pH for Cr(VI)
adsorption was found to be 5 for Lewatite MP
64 and 6 for Lewatite MP 500. The maximum
Cr(VI) adsorption at pH 5 is 0.40 and
0.41 mmol/g resin for Lewatit MP 64 and
Lewatit MP 500 anion exchangers, respective-
ly. Neagu (2009) prepared the pyridine strong
base anion exchange resin. At low concentra-
tion of chromium (VI) 138 mg/dm3 in the
solution the adsorption capacity did not
depend on pH in the pH range 3-8. At the
high concentration 270 mg/dm3, the adsorp-

tion capacity decreases when the pH increas-
es. This ion exchanger shows no effect of the
temperature on the chromium adsorption
capacity in the range 20-600C. The selectivi-
ty order for the prepared ion exchanger for
common anions: CrO4

2- > SO4
2- > Cl- is

reversed for the commercially styrene anion
exchangers SO4

2-> I- > CrO4
2- > Br- >Cl-. 

Besides ion exchange method for
removal of chromates there exists photore-
duction of chromium (VI) to (III). Photore-
duction can proceed using ZrO2
Karunakaran(2009), ZnO Chakrabarti
(2009), polyoxometales PW12O40

3- or
SiW12O40

3- Gkika (2006), algae Deng
(2006), phenol and its halogen derivatives
Mytych (2004), and TiO2 Aarthi (2008). 

The investigated ion exchanger gives
both sorption and reduction processes in the
solid phase exposed to the sunlight. 

Materials and Methods
The ion exchanger used in the investi-

gation was Amberlite IRA 910. It has macro-
porous structure, styrene - divinylobenzene
skeleton with quaternary ammonium
groups (typeII), grain size 0.55 mm and sorp-
tion capacity 1.1 val/dm3. The ion exchang-
er was in the sulfate form.  The solutions of
NaOH and H2SO4 were used for pH adjust-
ment. Cr(VI) stock solution (from POCh
Gliwice Poland) was prepared from potassi-
um salt of chromate (K2CrO4)  which was
analytical grade.

Investigation of Removal of Chromium (VI) Ions from Water

G. Wójcik1, Z. Hubicki2

1Faculty of Chemistry, University of Maria Curie-Sklodowska, Department of Inor-
ganic Chemistry Pl. M. Curie-Sklodowskiej 2, 20-031 Lublin, POLAND 
grzegorzwojcikumcs@wp.pl
2Faculty of Chemistry, University of Maria Curie-Sklodowska, Department of Inor-
ganic Chemistry Pl. M. Curie-Sklodowskiej 2, 20-031 Lublin, POLAND
zbigniew.hubicki@poczta.umcs.lublin.pl

Abstract
Sorption of chromium(VI) was investigated in the batch process. The kinetic parame-

ters were calculated on the basis of static results. The parameters of Cr(VI) sorption process
on the ion exchanger were calculated based on the Langmuir and Freundlich isotherms.
Sorption of chromium(VI) was studied in the pH range from 1.5 to 7. It was stated that sorp-
tion of chromium(VI) ions depends on solution acidity. The speciation of chromium was
investigated in the studied pH range. Reduction of chromium(VI) to chromium(III) under
acidic conditions was observed. The reduction of chromium(VI) to chromium(III) in acidic
media is a very important process because it proceeds at sunlight contrary to photoreduction
of chromium(VI) ions at UV lights. The presented process proceeds without energy con-
sumption.

Key words: chromium, reduction, ion exchange
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Chromium was determined by using
three methods, colorimetric with  diphenyl-
carbazide for Cr(VI), with Arsenazo III for
Cr(III) and AAS for Cr(VI+III). All analytical
methods were necessary to determine Cr(VI)
and Cr(III) concentrations in solution during
experiment. Moreover, the DRS method was
used to trace changing of chromium (VI)
ions in time during the experiment in the
solid phase of Amberlite IRA 910. 

Results and Discussion
Kinetics
In order to investigate mechanism of

chromium (VI) ions sorption on Amberlite
IRA 910 the pseudo-first and pseudo-second
order mechanisms of sorption were calculat-
ed. On the basis of calculation, it was stated
that sorption kinetics is described better by
the pseudo-second order mechanism than
that of the pseudo-first order (Table 1).

Table 1. Values of kinetic parameter calcu-
lated by using the pseudo-second order
model of sorption. 

k2-the equilibrium rate constant of pseudo-second
order (g/mg�min)
q2-the amount of chromium(VI) sorbed at equilibrium
(mg/g)
h2-the initial sorption rate (mg/g�min)
r2-the correlation coefficients

The values of kinetic parameters indi-
cate high capacity (q2) of chromium(VI) ions
in the pH range from 1.5 to 7. The highest
values of sorption rate are at pH 3,5 but in
the whole investigated pH range from 1.5 to
7 the rate is vary fast. Moreover, the concen-
tration of chromium(III) during of
chromim(VI) ions sorption in the pH range
from 1.5 to 7 were determined. 

At pH 1.5 it was stated there occurred
the reduction of chromium (VI) ions when
the samples were exposed to the sunlight.
This effect is shown in Figure 1. As we can
see after the sorption process of
chromium(VI) ions in the phase of ion
exchanger reduction of chromium(VI) to
chromium(III) starts. Chromium(III) exists

at pH 1.5 as aqua complexes Cr(H2O)6
3+ and

does not sorb on the quaternary ammonium
groups. Reduced chromium(III) cations pass to
the external solution and are determined.
Moreover, as shown in Figure 1 the concentra-
tion of Cr(III) increases linearly in time, corre-
lation coefficient is 0.9988. Linear increase of
chromium (III) concentration vs. time is com-
patible to the zero order mechanism.

At pH 3.5 and pH 7 increase of chromi-
um (III) concentration in solution was not
observed.

The recovery factor of Cr(VI+III) was
calculated from:  

(1)

g0 is the  concentration of Cr(III+VI) in the
anion-exchanger phase (calculated as the dif-
ference in the concentration in the aqueous
phase before and after sorption).
gw is the initial concentration of Cr(IV) in
the aqueous phase.  

Figure 1. Effect of contact time on concen-
trations of chromium(VI) and chromium(III)
in solution. Cin Cr(VI) =100ppm, pH =1.5.

Figure 2. Dependence of the chromium
(III+VI) recovery factor on phase contact
time at pH 1.5. 

The results shown in Fig 2. indicate
that value of recovery factors increases and
reaches the maximum 100% at the phase
contact 30-60min and then decreases. The
recovery factors decrease because chromium
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(VI) in the solid phase is reduced  to chromi-
um (III) in the sunlight. 

The recovery factor of Cr(IV) can be
calculated from:     

(2)

g0 is the concentration of Cr(VI) in the
anion-exchanger phase (calculated as the dif-
ference in the concentration in the aqueous
phase before and after sorption).
gw is the initial concentration of Cr(VI) in
the aqueous phase.

Figure3. Dependence of recovery factor of
chromium(VI) on the phase contact  time at
the  pH range from 1.5 to 7 Cin Cr(VI)
=100ppm.

The recovery factors calculated only for
chromium(VI) ions are shown in Figure 3.
When we compare the curve course of %R in
Fig 3. with that in Fig 2. at pH 1.5 the % R of
Cr(VI) increases and reaches plateau. For pH
3.5 and 7 this is correct but for pH 1.5 reduc-
tion must be taken into account. 

For pH 3.5 and 7 the values of recovery
factors are very good and reach 100%.   

Adsorption isotherms
Adsorption isotherms were done for

two phase contact time 2h and 72h. After 2h
the reduction of chromium (VI) to (III) is
minimal but after 72h it is very effective. 

The Freundlich isotherm was calculat-
ed according to equation (3)

(3) 

where:
qe - the amount of adsorbate in the adsor-
bent (mg/g)
KF - the characteristic constant related to the
adsorption capacity (dm3/g)
n- the adsorption intensity
Ce- the equilibrium concentration (mg/dm3)

Langmuir isotherm was calculated
according to equation (4)

(4)

where:
qe - the amount of adsorbate in the adsor-
bent (mg/g)
Ce- the equilibrium concentration (mg/dm3)
b- the Langmuir isotherm constant (dm3/g)
Q0 - the maximum monolayer coverage
capacity(mg/g)

Tables  2 and 3 contain the values of
Langmuir and Freundlich constants. The
parameters in the time 2h are lower than
after 72h. The capacity Qo calculated by
using the Langmuir isotherm indicates that
sorption increases when pH decreases. In
Table 3 in the row described as 1.5R we
recalculate the results as a sum of Cr(VI+III)
ions and they are different from that calcu-
lated only for Cr(VI). In this case (1.5R) the
Freundlich model describes better sorption
of Cr(VI) ion which are reduced in the ion
exchanger phase in the sunlight and then
desorbed to the external solution as Cr(III)
ions. 

DRS
The DRS spectra were measured at pH

1.5, 3.5 and 7 after 2h and 72h.
The spectra after sorption of chromi-

um(VI) ions after 2h contain characteristic
signals at 360nm and 455nm at pH 1.5.
After the period of 72h those signals
decrease but the signal at 600nm that is
related to Cr in (III) oxidation form appears.
This phenomenon is in agreement with the
results obtained from measurements  in the
solution. 

The DRS spectra at pH 3.5 and 7 after
72h are very interesting. In this case we
observed a signal at 600nm. This is a proof
that reduction occurs at pH 3.5 and 7 but the
product of reduction exists only in the solid
phase as Cr(III) probably as chromium
hydroxide. So, at pH 3.5 and 7 there exists
equilibrium in the solid phase between
chromium (VI) and chromium (III). 

Conclusions 
The results presented in this work

prove that chromium (VI) ion sorption on
Amberlite IRA 910 in the sunlight proceeds.
The speciation of chromium form in solu-
tion after sorption is very important because
it gives information about the reduction
process, which occurs in the acidic media.
Moreover, chromium(VI) can be reduced to
chromium (III) in a simple way.
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Figure 4. The DRS Spectra of Amberlite IRA
910 with the sorbed Cr(VI) ions after 2 and
72 hours at  pH 1.5

Figure 5. The DRS Spectra of Amberlite IRA
910 with the sorbed Cr(VI) ions after 2 and
72 hours at pH 3.5

Figure 6. The DRS Spectra of Amberlite IRA
910 with the sorbed Cr(VI) ions after 2 and
72 hours at pH 7

The ion exchanger
under investigation is char-
acterized by high sorption
capacity for chromium(VI)
ions. The sorption capacity
increases with the decreas-
ing pH values. As following
from the DRS results the
reduction proceeds at pH
3.7 and 7, but product of
this reduction exists in
solid phase of ion exchang-
er and gives equilibrium
between chromium (VI)
and (III). After the sorption
process at pH 3.5 and 7
chromium can be reduced
and desorbed at pH 1.5 as
Cr(III) ion. This process is
important because chromi-
um (VI) is mobile and high-
ly toxic whereas Cr(III) is

mostly immobile and environment   friendly.
The presented process proceeds without

energy consumption and is reserved by a
patent.
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Recovery of Silver from Aqueous Solution by Enhanced Ultrafiltration
after Preconcentration on Alumina Modified with Dithizone
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Abstract

The recovery of metals from solution at low concentration is problematic and if
solved could have considerable impact on the price of metals as raw materials. Silver is a
valuable metal and is used in many applications, e.g. metal working for jewellery, in mir-
rors, in electronics and as catalysts. Silver compounds are also used in photographic film
and dilute silver nitrate solutions and other silver compounds are used as disinfectants and
micro biocides. 

The aim of this project is to investigate recovery methods for silver at low concentra-
tion (less than 5ppm). Recovery of silver ions in the trace amounts is very difficult and it is
essential to apply a preconcentration process to recovery of the metal ion. Methods include
liquid - liquid extraction, ion exchanger, evaporation and Polymer Enhanced Ultra Filtra-
tion (PEUF). None of these processes are ideal and all have some drawbacks which include:
of using large volumes of organic solvent; high energy consumption or poor selectivity.

In this study metal recovery by solid phase absorption onto coated micro particles has
been investigated. Using surface coated alumina with dithizone, the absorption dilute sil-
ver solution concentration range 1-5 ppm has been investigated. The process was found to
work well over wide range of pH (1-9) giving efficient absorption of low concentration. The
collected silver could be desorbed as a concentrated solution using thiourea. Work now
involves scaling up the process, using membrane filtration to concentrate the solids and
carrying out the desorption. The optimized process will they be applied to recovery of silver
from electronics and the waste materials 

[1] G. Absalan, A. Aghaei Goudi Separation and purification Technology 38 (2004) 209-214
[2] S. Verbych, M. Bryk, M. Zaichenko, Desalination 198 (2006) 295-302
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Poly(methylcrylate) Grafted onto Cassia Occidentalis Seed Gum:
an Effective Biosorbent for Chromium(VI)

P. Kumari

S.V. National Institute of Technology, Ichchhanath, INDIA,
premlatakumari@gmail.com

Abstract
An adsorbent was prepared by grafting copolymerization of methylacrylate onto Cas-

sia occidentalis seed gum, using ammonium persulfate / ascorbic acid as an initiator. The
conditions for the grafting were optimized and the copolymer sample having maximum
%G was evaluated for the removal of Cr(VI) and the sorption conditions were optimized.
The Cr(VI) treatment methods have attracted attention toward the use of biosorbents due
to increase cost of the chemicals and production of toxic sludge. This novel biosorbent
sample was characterized using FTIR, XRD and TGA analysis. The removal of Cr(VI) was
found to be pH and concentration dependent, pH 1.0 being the optimum value at which
from 20 mL of 100 ppm Cr(VI) solution, 16.9 mg/g Cr(VI), could be removed using 5 g/L
sorbent dose at 30 °C. The adsorption data followed both Langmuir (R2) 0.97) and Fre-
undlich isotherms (R2 ) 0.89) probably due to the real heterogeneous nature of the surface
sites involved in the metal uptake, and overall sorption of Cr(VI) on the biosorbent is com-
plex and involves more than one mechanisms. The adsorption followed second order
kinetics, the rate constant being 0.12 × 10-5 g/(mg min) at 100 mg/L Cr(VI) concentra-
tion. The biosorbent was also found efficient in Cr(VI) removal from real industrial waste-
water. Used grafted gum was recycled after stripping off the sorbed chromium with 2 M
NaOH where after each cycle a successive decrease in the binding capacity was observed. 

Key words: Graft copolymerization, biosorbent, methylacrylate, Cassia occidentalis
seed gum
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Introduction
It is assumed that the production of

nanomaterials will increase from approxi-
mately 2 300 tons produced today, up to
58 000 tonnes by 2020.3 Analyses of nano-
materials in environmental matrices can
provide important information on pollution
from anthropogenic sources such as industry
processes (e.g. nano fluids, paints or surface
sealing materials), or consumer goods. Some
of the metal(loid) and metal(loid)-oxide par-
ticles are poorly soluble and digestion labour
and material intensive as well as associated
with the risk of contamination and losses of
the analytes.4 Nanoparticle suspensions are
usually stable under the prevalent produc-
tion conditions, but may be less stable under
environmental conditions. Agglomerations
and attachments to natural surface raise the
need for direct analysis of solid samples or
slurry materials, which also includes unsta-
ble suspensions of nanomaterials with broad
size distributions.

Considering the problems associated
with sample preparation, electrothermal
vaporization inductively coupled plasma
mass spectrometry (ETV-ICP-MS) seems to
be a appropriate method for investigations of

several elements, in a single, run in environ-
mental samples.5

Materials and Methods
ETV
In this study an ETV 4000 System

(Spectral Systems, Germany) was coupled to
an XSeriesII quadrupole ICP-MS (Thermo
Fisher Scientific, Germany) using teflon tub-
ing. The ETV System was equipped with a
graphite tube and graphite boats and the
oven was loaded fully automated by an
autosampler. In order to avoid carbide form-
ing of analytes like Ti during heating freon
12 (CCl2F2) was used as a transport gas and
as halogenation additive. In order to avoid
matrix effects during vaporisation and detec-
tion a heating program using two steps
(400 °C and 2200 °C) was chosen.

ICP-MS
The XSeriesII is equipped with a hexa-

pole collision/reaction cell (CRC) and a mix-
ture of 7 % H2 in He was used for all applica-
tions presented here. All measurements
were performed in the collision mode with a
gas flow of 3 - 5 ml/min. The collision cell
was used in order to remove interferences
(e.g. on mass 27) and to protect the detector
from being overloaded on certain masses.

Quantification of Metal (Loid Oxide) Nanoparticles 
in Environmental Matrices by ETV-ICP-MS

L. Duester1, D. Rakcheev2, J.V. Bayer1, G.E. Schaumann1

1Department of Environmental Sciences, Soil and Environmental Chemistry, University
of Koblenz-Landau, Fortstrasse 7, 76829 Landau, Germany, duester@uni-landau.de
2Department of Inorganic and Physical Chemistry, Tyumen State University,
10 Semakova St., 625003 Tyumen, Russia

Abstract
Recently, a high demand has arisen for a method that is capable to quantify the ele-

mental composition of very small sample amounts (0.1 mg - 1 g, depending on the matrice)
and/or of samples which form artefacts during conventional sample preparations such as
microwave assisted acid digestion or filtration. Especially working groups from the emerging
field of nanomaterials in complex matrices need a multitude of analytical methods in order
to cross-validate results on the fate of NPs in complex environmental matrices, as previous-
ly mentioned by several authors.1 The direct analyses of nanoparticle (NP) suspensions (e.g.
Al, Ag, CuO, Sb2O3, SnO2, TiO2 or ZnO) showing broad particle size distributions, meas-
urements of single invertebrates (e.g. Daphnia) which were exposed to NPs, or different
plant parts from e.g. Myriophyllum spec. are examples for the suitable application
of graphite furnace electrothermal vaporisation coupled to inductively coupled plasma
(quadrupole) mass spectrometry (GF-ETV-ICP-QMS). The method has been established as
a multi element method to determine traces of several analytes in a single run2 and has been
applied for the above mentioned applications for trace to major amounts (pg - mg) in the
authors laboratory. 

Keywords: ETV, nanoparticle, nanomaterial, ICP-MS, environment, complex matrices
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However, the use of the collision cell is
always connected to a certain loss in signal
intensity, as displayed by Fig.1. The plasma
was run in all experiments under stable plas-
ma conditions (e.g. RF power > 1400 W,
AUX gas flow < 0.7 ml/min, sample depth >
150 mm). Quantification was carried out by
external calibration. The verification of the
results was done by analysing a certified ref-
erence material - the freshwater sediment
RTC CNS 392-050. The deviation from cer-
tified values for the analytes Ti, Sb, Zn
examined in this study was below 15 %.

Coupling of the ETV to the ICP-MS
The XSeriesII is delivered with two

inlets for sample introduction to the plasma.
Using a standard torch for GC-ICP-MS the
hardware coupling of ETV to ICP-MS can be
achieved very easily. The tuning procedure
can be performed following the standard pro-
cedures via the spray chamber with no need
for any instrument modifications, switching
from normal to ETV mode. Details concern-
ing the instrument coupling, software inte-
gration and instrument communication will
be detailed in a technical note elsewhere
(Thermo Fisher and Spectral Systems, appli-
cation note, in prep.).

Sample preparation
Five leaves of the water plant Myrio-

phyllum spec. were placed in a suspension
containing Ag, Al, Sb, Sn, Ti, Zn NPs for 22
hours at a constant vertical mixing at 10 rpm
and at 20 oC. After that, they were left in a
static vertical position for another 90 min-
utes. The set of elements used in this study
reflects the analytical demand of the authors
and those of the cooperation partner experi-
ments. A water flea (Daphnia magna) was
placed in a suspension containing only Ti
NPs for 90 minutes without additional sam-
ple preparation. All samples were then
washed ten times with laboratory water.

Blank samples were processed in the same
way but without the addition of nanoparti-
cles. All samples were dried prior to analyses
using an infrared thermal heater (T/IR, Spec-
tral Systems, Germany). 10 µl of ICP-MS
standards of Ge and Ta (CPI, USA, concen-
tration 1 mg/l) were added as internal stan-
dards to each boat.

Results and Discussion
Figure 1 displays the influence of the

CRC flow on signal intensity. However,
since the limits of detection are very low and
concentrations in the environmental sam-
ples are comparatively high, even CRC flows
up to 7 ml/min can serve satisfactorily
results on the analytes presented here. The
CRC is additional an efficient tool to avoid
the detector overload which is reached at ~ 1 µg. 

Figure 2 shows an example of the Ti
signal from a single Daphnia, exposed to
TiO2 NPs. This is compared to the signal
from 1 µg of Ti applied as ICP-MS standard
to the graphite boat and measured with a
CRC flow of 5 ml/min. In order to avoid an
overlay of the two lines the data acquisition
for the Daphnia Ti content was started with
short delay. Full quantitative results will be
available elsewhere.

In table 1 results from the Myriophyl-
lum exposure experiments are displayed for
Ag, Al, Sb, Sn, Ti and Zn and figure 3 shows
a Myriophyllum whorl with its leafs.

It was possible to identify an outliner
(based on a broken graphite tube) by the sig-
nals internal standards. In the same way it
ensured that no significant plasma suppres-
sion occurred during analyses. For all ele-
ments a significant increase in concentra-
tion was detected after 22 h of exposure and
10 washing steps with ultra pure water.
Most of the elements show an enrichment of
approximately 10 - 50 times compated to the

Figure 1. Decrease of a 0.1 µg 46Ti signal with increasing amount of He/H2 gas applied to
the collision/reaction cell.
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blank value. Ti, however, is enriched more
than 400 times. These results suggest an
overall high affinity of NPs towards leaf sur-
faces with a very high affinity of TiO2
towards the Myriophyllum surface.

Conclusion
ETV coupled to ICP-MS is suitable to

deliver, as a direct method, reliable results
on the concentration of NPs from ill defined
suspensions which are most likely to occur
in environmental samples.

Figure 2. Light coloured line 46Ti in counts per second (cps) from 1 µg Ti standard. Dark
coloured line signal from a single Daphnia magna after incubation in a toxicity test with
TiO2 NPs (left). The Daphnia measurement was started with short delay for a better visual-
isation. On the right: Picture of a water flea (Daphnia magna, provided by Andre Dabrunz).

Table 1. Concentration of 5 independent measurements of Myriophyllum leafs exposed to
six different nanoparticles.

Figure 3. Myriophyllum spec. whorls. The
"branch" like leafs were analysed by ETV-ICP-MS.
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Abstract

Trace amounts of Co are known to be essential to man, animals and plants for meta-
bolic processes [1]. It is clear that the determination of trace amounts of Co in biological
and environmental samples is important in the fields of environmental analysis, process
control, and medicine. The determination of trace amounts of Co in natural waters is of
great interest because Co is important for living species as complexed Vitamin B12.

The deficiency of Co in ruminants usually results in different types of anemia. Tox-
icological effects of large Co amounts include vasolidation, flushing, and cardiomyopathy
in humans and animals. Investigations have been extended to the biochemistry of Co in
animals, microorganisms and enzymes [2,3]. 

A simple, rapid and sensitive method has been developed for determination of trace
amounts of cobalt(II) (3-300 µg L-1) based on it's catalytic effect on the oxidation of bril-
liant cresol blue (BCB) by hydrogen peroxide in a buffer media (pH=7). The reaction is
monitored spectrophotometrically by measuring the decrease in absorbance of BCB at 633
nm by the fixed time method. The detection limit is 0.9 µg L-1 and relative standard devi-
ation for ten replicate determinations of 10, 20 and 100 µg L-1 cobalt were 1.7%, 1.5%
and 0.95% respectively. The proposed method is sensitive, accurate and tolerant to many
foreign substances and all the reagents used are stable under the conditions. Moreover,
the proposed method was successfully applied to the determination of cobalt (II) in real
samples with satisfactory results.

[1] Underwood, E.J., "Trace Elements in Human and Nutrition", 4th Edition., Acade-
mic Press, New York, (1977).

[2] Yuzefovsky, A.I., Lonardo, R.F., Wang, M., Michel, R.G., J. Anal. At. Spectrom. 9
1195-1201 (1994).

[3] Manzoori, J.L., Bavili-Tabrizi, A., Microchim. Acta 141, 201-207 (2003).
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Introduction
Cadmium is an element that occurs

naturally in the earth's crust. Exposure to cad-
mium happens mostly in the workplace
where cadmium products are made. Food and
cigarette smoke are the largest potential
sources of cadmium exposure for members of
the general population. Cadmium remains in
the body for a very long period. The tobacco
plant contains cadmium and nickel, most
probably absorbed from the soil, fertilizing
products, and pesticides. Thus, the determi-
nation of trace amounts of these metals in
various matrix samples is very important in
several fields, such as environmental analysis,
food control, and toxicology (Goudarzi,
2009). Also, cadmium exists broadly in the
environment (Li et al., 2009). It is severely
dangerous to animals and humans. Cadmi-
um mainly distributes in animal livers and
kidneys. It impairs the liver, kidney, spleen,
and so forth and induces immune suppres-
sion and cancer. There are some reports about
the determination of cadmium by atomic
absorption spectrometry. Because of frequent
low concentrations of metals in numerous
samples, the determination of these elements
generally is associated with preconcentration
steps. Moreover, since high levels of major
components usually accompany analytes, a
separation step is often required (Zeini Jahro-

mi, 2007). Some enrichment procedures have
been developed for metal determination
involving different analytical techniques such
as precipitation, liquid-liquid and cloud-point
or solid-phase extraction. Solvent microex-
traction is a type of liquid-liquid extraction in
which the analyte partitions between the bulk
aqueous phase and a very small volume of
organic solvent (Nazari, 2009). To date, the
potential of microextraction techniques has
yet to be fully exploited, in both methodology
and application. The purpose of this work was
to develop an analytical, sensitive, and simple
method for the determination of trace cadmi-
um in water by flame atomic absorption spec-
trometry after solvent microextraction and
preconcentration.

Experimental
Instrumentation
All measurements were carried out

using a Hitachi Z-2000 atomic absorption
spectrometer equipped Zeeman Effect was
employed during all experiments (Hitachi,
Japan) with a cadmium hollow-cathode lamp
for Cd operated at 7.5 mA with a spectral
bandwidth of 0.7 nm. The selected wave-
length was 228.8 nm for Cd. In order to
obtain the maximum absorbance signal,
acetylene flow rate and burner height were
adjusted during aspiration of the analyte 
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Abstract  
A simple, low cost and sensitive method based on solvent microextraction (SME) for

separation and preconcentration by flame atomic absorption spectrometry (FAAS) was pro-
posed for the determination of trace amounts of cadmium in water samples. The analytical
procedure involved the formation of a hydrophobic complex by mixing the analyte solution
with 1,10-phenantrolin and being absorbed into drop of nitrobenzen contains chelating
agent, dithizon. In suitable conditions, the complex of cadmium- dithizon formed in micro
organic phase, and thus, separation of the analyte from the matrix was achieved.

Under optimal chemical and instrumental conditions, a detection limit (3σ) of
0.01 mg L-1 and an enrichment factor of 165 were achieved. The relative standard deviation
for the method was found to be 5.8% (n=5) for 100 ppb Cd2+. The developed method has
been applied to the determination of trace Cd2+ in water samples.

Keywords: dithizon, 1,10-phenantrolin, solvent microextraction, cadmium, flame
atomic absorption spectrometry
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solution. All pH measurements were made by
a Metrohm digital pHmeter (model: 691,
Herisua, Switzerland) with a combined glass
electrode. A 10 µL Hamilton 7105 syringe
(Hamilton, Reno, NV, USA) was used to sus-
pend the drop of the acceptor phase

Reagents
All chemicals used were of analytical

grade doubled distilled, dionized water was
used throughout. A stock solution of 1000
mg/L cadmium was prepared by dissolving
0.2744 g of Cd(NO3)2�4H2O (Merck, Darm-
stadt, Germany) in 0.5 mol L-1 nitric acid and
diluting to 100ml in a volumetric flask. More
diluting solutions were prepared daily from
the stock solution. The extraction organic
phase was nitrobenzene (Merck, Darmstadt,
Germany), dithizon and 1,10-phenantrolin
(Merck, Darmstadt, Germany) were used as
complexing agents

Extraction procedure
5 mL of cadmium solution was adjusted at

pH=4 and treated with 10 µL of 0.01mol L-1
1,10-phenantrolin and 1ml NaCl 1 mol L-1
that was transferred to a 6 mL vial. Cadmium
formed a complex with 1,10-phenantrolin.
The solution was stirred by magnetic stirrer
with a 6 mm stir bar at an optimized speed of
900 rpm. A 4 µL of nitrobenzene and dithizon
as counter ion was taken by the Hamilton
syringe and its needle was used to pierce the
vial septum. The syringe was clamped in such
a way that the tip of the needle was located at
a fixed position in the sample solution as
shown in Fig. 1. The syringe plunger was
depressed to expose the drop and the stirring
commenced. After the extraction, the micro
drop was retracted and diluted to 0.5 ml by
methanol injected into the flame for determi

Figure 1. The schematic setup for liquid
phase microextraction

nations. The different parameters affecting
the technique such as solvent, pH, stirring
rate, concentration of 1,10-phenantrolin and
dithizon, and time of extraction were opti-
mized.

Result and Discussion
In order to obtain a high enrichment fac-

tor, the effect of different parameters affecting
the complex formation and extraction condi-
tions such as type and volume of organic sol-
vent, pH, concentration of chelating agent
and counter ion, extraction time and stirring
rate was optimized. One variable at a time
optimization was used to obtain optimum
conditions for liquid phase microextraction
(LPME) procedure. Enrichment factor is
defined as the ratio of concentration of cadmi-
um in the micro drop phase to concentration
of cadmium in the aqueous sample. Addition
of complexing agent and counter ion to the
cadmium solution in direct injection without
preconcentration step does not have any effect
on the signal.

Effect of type and volume of the extrac-
tion solvent

Effect of five different solvents, carbon
tetrachloride, dichloromethane, 1,2-
dichloroethane, chloroform and nitrobenzene
were evaluated for the 5 mL cadmium solu-
tion with concentration of 0.1 mol L-1.
Nitrobenzene was found to provide higher
extraction efficiency. This may be attributed
to greater polarity of nitrobenzene than the
others, which leads to the higher solubility of
the polar complex and hence higher extrac-
tion efficiency. The influence of drop size was
investigated in the range of 1-4 µL. It was
found that the absorbance increases with drop
volume in the range of 1-4 µL. When drop size
exceeded 4 µL, it became too unstable to be 

Figure 2. Effect of pH on determination
0.9 µg ml-1 Cd2+
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suspended at the needle tip. For this reason 4
µL drop volume was used for further studies.

Effect of pH
The effect of pH on the complex forma-

tion and extraction of cadmium from water
samples was studied within the range of 3.0-
9.0.

The results illustrated in show that the
absorbance is nearly constant in the range of
5.0-7.0. In order to obtain high extraction effi-
ciency and minimize diverse ions interfer-
ences, pH 4 was chosen (Fig. 2).

Effect of extraction time
Extraction time is one of the most

important factors in most of extraction proce-
dures. The dependence of extraction efficien-
cy upon extraction time was studied within a
range of 0-40 min in the constant experimen-
tal conditions. Because the mass transfer is a
time dependent process, the reaction time for
the transfer of Complex from solution into
nitrobenzene containing dithizon as com-
plexing agent was investigated. All measure-
ments were carried out with 1 ppm cadmium.
shows the absorbance of cadmium versus
extraction time. The results showed an
increase of the cadmium absorbance up to 40
min and leveling off at higher extraction time.
Therefore 40 min was used as the optimum
extraction time (Fig. 3).

Figure 3. Effect of time on determination
0.9 µg ml-1 Cd2+

Effect of 1,10-phenantrolin concentra-
tion

The influence of the concentration of
1,10-phenantrolin in the aqueous solution on
the cadmium complex formation was investi-
gated for 1 ppm solution of cadmium extract-
ed for 40 min. Different concentrations of
1,10-phenantrolin were used in the aqueous
solution and its effects on the extraction
process are shown. As can be seen, the effi-
ciency of cadmium transport increases with

increasing 1,10-phenantrolin concentration
until 0.00001 mol/L is reached (Fig. 4).

Figure 4. Effect of phenantrolin concentra-
tion on determination 1 µg ml-1 Cd2+

Effect of dithizon concentration into
the nitrobenzene drop

Different concentrations (0.128-
1.28% w/v) of dithizon as complexing agent
in the drop of nitrobenzene under the opti-
mum condition described above were inves-
tigated. The results show that by increasing
the concentration of dithizon the absorbance
increases up to 0.063% (w/v) (Fig. 5).

Figure 5. Effect of dithizon concentration on
determination 1 µg ml-1 Cd2+

Effect of stirring rate
Magnetic stirring was used to facilitate

the mass transfer process and thus improv-
ing the extraction efficiency. The stirring
rate was optimized for extraction process.
Illustrates the effects of stirring rate on the
enrichment factor that increased with
increasing of the stirring rate up to 900 rpm,
because in high stirring rate a relatively large
vortex is formed in the lower region of the
organic solvent, but instability of the droplet
limited the phenomenon, thus 900 rpm was
chosen for further experiment (Fig. 6).
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Figure 6. Effect of stirring rate for determi-
nation of 0.9 µg ml-1 Cd2+

Analytical figure of merits
On the optimum condition the experi-

mental results are summarized in Table 1.

Conclusions
The results of the presented investiga-

tion show that liquid phase micro extraction
combined with flame atomic absorption
spectrometry is a powerful technique for the
preconcentration and determination of low
levels of cadmium for analysis in a variety of
samples. Good preconcentration was
obtained easily through this method and low
detection limit was achieved with only 5 mL
of sample. The method is also simple, inex-
pensive and reproducible and applied for sea

and tap water samples. The method can also
be applied for analysis of real samples such
as biological and botanical samples.
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Abstract

The surface microlayer is a thin layer with thickness up to several hundred microme-
ters, found at the site of contact between water and the atmosphere (Estep et al. 1985 et al.,
Trojanowski et al. 2001). This layer represents a tiny part of the aquatic environment, form-
ing an independent ecotone at the boundary of the atmosphere - hydrosphere exchange
(Norkrans 1980). It is formed at the surface of all aquatic ecosystems. This surface micro-
layer of water bodies is a unique chemical and physical environment, different from subsur-
face water. Among other factors, adhesion forces, formed as a result of molecular attraction
at the boundary of the two media, i.e. hydrosphere and atmosphere, are responsible for the
stability of the surface membrane. Surface tension forces cause physical stability of the
microlayer (Norkrans 1980, Falkowska 1996). Exchange processes, variable in time and sur-
face, occur through this layer (Falkowska 1996, Trojanowski et al. 2001) and play a key role
in the aquatic environment. This exchange takes place thanks to the simultaneous biologi-
cal, chemical and radiation changes in the depths of water and in the atmosphere, as well as
transport processes in both media (Falkowska 1996). The surface microlayer affects gas
exchange and transport mechanisms from the column of water to the atmosphere and vice
versa. Dissolved substances, particles and microorganisms are transported to this unique
zone by simple diffusion, convection by gas bubbles, convection movements from bottom
deposits and subsurface water, and at the same time the surface microlayer is fed dusts and
aerosols by precipitation. All the processes mentioned here lead to the accumulation of
chemical substances like heavy metals and microorganisms (Norkrans 1980). Moreover,
heavy metals found in the surface microlayer react with the accumulating organic matter,
forming complexes, or are absorbed on organic particles (Lion and Leckie 1981). 

The aim of the study was to investigate accumulation capacity of surface microlayers
of estuarine lake water in relation to selected heavy metals, compare them with accumula-
tion capacity of sea water. Samples of surface water were collected by two methods: the Gar-
rett method (Garrett 1965) was used to collect the surface microlayer with a thickness of
0,25 - 0,30 mm and subsurface water (PW) was collected at a depth of 20 cm from the water
table by immersing a closed container to a specified depth and opening it at that depth.
Results were analyzed statistically using Statistica software.

This studies indicate that intensity of accumulation of these components in the surface
water microlayer was higher than in the subsurface water. The main source of heavy metals
like cadmium, manganese, lead, zinc in the surface microlayer is the subsurface water.

[1] Estep K., Maki J., Danos S., Remson C., 1985 - The retrieval of material from the
surface microlayer with screen and plate samples and its implications for partitioning of
material within the microlayer - Freshwater Biology 15: 15-19

[2] Trojanowski J., Trojanowska C., Antonowicz J., 2001 - Nitrogen and phosphorus
in surface microlayers of estuarine, shallow lake (north Poland) - Ecohydrobiology & hydro-
biology. 1(4): 457-463

[3] Norkrans B., 1980 - Surface Microlayer in Aquatic Enviroments - Adv. Microb.
Ecol., 4: 51-85

[4] Falkowska L.,1996 - Mikrowarstwa powierzchniowa morza [Sea surface microlay-
er] - Uniwersytet Gdański, Gdańsk, pp. 165

[5] Lion L., Leckie J., 1981: The biogeochemistry of the air-sea interface - Ann. Rev.
Earth Planet. Sci., 9(4): 49-86

[6] Garrett W., 1965 - Collection of slick forming materials from the sea surface - Lim-
nol. Oceanography, 10: 602-605
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Abstract

Some metals occurring in surface waters, such as calcium, magnesium, copper, zinc
and iron are essential for proper functioning of fishes. However, heavy metals, i.e.: lead and
cadmium commonly occurring in polluted natural waters may affect the early stages of fish
development, especially hatchability and quality of larvae [1-3]. Polluted water bodies usu-
ally contain various metals. Moreover, certain metals affect accumulation of the others in
fish. The interactions among various metals are the reason to competitive metal uptake
from the environment and different distribution in fish tissues. The effect of mixtures of two
or more chemicals is commonly referred to either as additive, synergistic or antagonistic [4].
The aim of the research was monitoring the level of selected metals in surface water supply-
ing fish hatchery in Goleniow (Poland). The analysis of water samples were performed in the
year of 2006 (once a quarter), 2007 (once a half year) and 2009 (once a 3 months). The Gole-
niow fish hatchery operates in an open loop system. Surface water from Wisniowka River
supplies gravitationally the fish hatchery apparatus through a weir, a retention pond and
mechanical filters. The used water is discharged, without treatment into the Wisniowka
River. The water samples were taken from two points, before and after mechanical filter.
The content of selected metals and heavy metals in surface water samples, i.e.: calcium,
magnesium, iron, copper, lead, cadmium, zinc as well as total alkalinity and total hardness
were analyzed and compared with requirements of the Regulations of the Polish Ministry of
Environment referring to: a) the water quality for fish in natural conditions [5] and b) the
water quality for surface water classification [6]. Apart of lead and cadmium, contents of the
remaining metals in the surface water from Wisniowka River fulfill requirements according
to the regulation [5] and [6]. It was found that the level of metal content in the water supply-
ing fish hatchery after mechanical filter is a little bit smaller that before. The obtained
results will be used for development of the water treatment technology.

[1] Dave G. Xiu R., 1991: Toxicity of Mercury, Copper, Nickel, Lead, and Cobalt to
Embryos and Larvae of Zebrafish, Brachydanio rerio. Arch. Environ. Contain. Toxicol. 21,
126-134 (1991).

[2] Ługowska K. Witeska M.,The effect of copper exposure during embryonic develop-
ment on deformations of newly hatched common carp larvae, and further consequences.
Electronic Journal of Polish Agricultural Universities,

http://www.ejpau.media.pl/volume7/issue2/art-01.htlm (2004). 
[3] Jezierska B., Ługowska K., Witeska M., The effects of heavy metals on embryonic

development of fish (a review). Fish Physiol. Biochem. 35: 625 - 640 (2009). 
[4] Ługowska K.,The effect of cadmium and cadmium/copper mixture during the

embryonic development on deformed common carp larvae. Electronic Journal of Polish Agri-
cultural Universities, http://www.ejpau.media.pl/volume10/issue4/art-11.htlm (2007). 

[5] Decree of Polish Ministry of Environment in the case of water quality for fish in nat-
ural conditions from 4th of October 2002 (Dz. U. Nr 176, poz.1455). 

[6] Decree of Polish Ministry of Environment in the case of water quality for surface
water classification from 20th of August 2008 (Dz. U. Nr 162, poz.1008).
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Abstract

In the last decades, total reflection X-ray fluorescence (TXRF) analysis was proven to
be an easy and versatile method for the determination of trace elements [1]. TXRF can be
applied to different sample types, like solids in form of micro fragments, powders, suspen-
sions, thin films or liquids.

Bioindicators are biological species used to monitor the health and integrity of an envi-
ronment or ecosystem [2-4]. Such organisms can be used as monitor for changes of metal
pollutions in surface waters and sediments. TXRF is a micro-analytical method, which
allows the analysis of individual organisms for internal contaminant concentrations. In
addition, a portable TXRF spectrometer is suitable for in-field investigations and monitor-
ing of pollutant dispersal.

This paper describes the suitability of different bioindicators and the in-field trace
metal analysis of single organisms and biofilms by TXRF:

- Zooplankton is an important bioindicator for the characterisation of the water quali-
ty and gives first information on the bio-availability of metals and their bioaccumulation
through the food chain as shown by in-field measurements of Cu and Zn in single daphnia 

- Fish eggs and embryos were exposed to metals via the water phase as well as via direct
contact with contaminated sediment particles. TXRF analysis indicated individual embryos
with dramatically enhanced exposure compared to other individuals despite uniform expo-
sure conditions on a macro scale.

- Biofilms grown on natural stones in mining drains accumulate high amounts of
heavy metals also at poor availibility of nutrients. The accumulation factor of metals in
biofilms has been investigated, showing an ascending order from Pb > Cu > Zn > other
metals. 

We conclude that TXRF is suitable for the in-field analysis of trace elements in bioindi-
cators and supports an indication of water quality.

[1] Klockenkämper, R., Total-Reflection X-Ray Fluorescence Analysis, Wiley & Sons (1997)
[2] Mages, M., Woelfl, S., v. Tümpling, W., Spectrochimica Acta, Part B 56, 2209-2217

(2001)
[3] Mages, M., v. Tümpling, W., van der Veen, A., Baborowski, M., Spectrochimica Acta,

Part B 61, 1146-1152 (2006)
[4] Mages, M., Bandow, N., Küster, E., V. Tümpling, W., Spectrochimica Acta, Part B 63,

1443-1449 (2008)
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Introduction
Since 1986, after the breakdown in Cher-

nobyl nuclear power plant, intensification of
radioecological research has emerged. In the
scientific literature many papers on behavior of
137Cs in soil and migration in vegetation
(Bergeijk 1992, Niesiobędzka 1996,
Niesiobędzka 2000, Zhiyanski 2005) have
been published. In studies conducted in
Venezuela, the transfer coefficient (TF) of
137Cs from soil to moss was estimated (La
Brecque and Rosales, 1998). TF in the Altos
area were 2.60 - 2.91, while in the La Sierra
they were only 0.59 - 0.77. The concentration
of cesium in moss and soil was correlated with
the height at which samples were taken. Other
studies (Nifontova, 2006) showed that accu-
mulation of 137Cs in mosses is correlated with
the concentration of this radionuclide in the
atmospheric precipitation. The transfer coeffi-
cient of 238U, 226Ra, 232Th, 40K and 137Cs
in mosses was studied also by Dradović
(Dragović, et. al. 2010). The relationship
between concentration ratios of radionuclides
and physicochemical characteristics of the
underlying soil was also investigated. General-

ly the highest activity concentrations were
found to be in Hypnum cupressiforme and the
lowest ones in Hylocomium splendens.

Uptake of radionuclides by vegetation at
a High Arctic location was studied (Dowdall,
et. al. 2005). Levels of 137Cs activities in vege-
tation generally followed the order mosses >
lichen > vascular plants. The uptake of 137Cs
in vascular plants showed an inverse relation-
ship with the uptake of 40K. The uptake of
238U, 226Ra and 232Th by vascular and non-
vascular plants was generally low. Uptake of
137Cs and 40K by plants was also studied by
Korobova (Korobova, et. al. 2007). The concen-
trations determined in samples of plants corre-
sponded to the regional values and varied in the
range from 31 to 140 Bq/kg d.m. Activities
increased in the main plant groups according to
their phylogenetic specificity in the following
order: grasses < alder, willow (leaves) lichens <
mosses (upper part) < mosses (lower part, lit-
ter). Mosses, and their lower brownish part in
particular, appeared to be most enriched in
137Cs, while lichens, associated with mosses
but receiving contaminants exclusively
through air precipitation, accumulated

Transfer of Cs-137 from Forest Soil to Moss Pleurozium Schreberi
A. Dołhańczuk-Śródka1, Z. Ziembik1, M. Wacławek1

1Independent Chair of Biotechnology and Molecular Biology, Uniwersytet Opolski, 
ul. Kominka 4, 45-035 Opole, tel. 774016046, agna@uni.opole.pl 

Abstract 
Moss (Pleurozium schreberi) and soil samples collected in 2009 in Bory Stobrawskie

forest were used to study the transfer factor (TF) and aggregated transfer (Tag) of radioce-
sium from forest soil to moss. This investigation also included determination of 40K activ-
ity and organic matter content in soil.

The mean 137Cs activities were 172 Bq/kg d.m. in soil samples and 202 Bq/kg d.m. in
moss. The TFCs of 137Cs from soil to moss was varied in the range from 0.1 to 3.3. The
mean surface activity was 11.2 kBg/m2. The Tag values were limited in the range from
0.001 to 0.058. Additionally the TFK values for 40K were computed.

The data analysis revealed different variables distributions. To ensure proper inference
from investigations of interrelations between variables, the values were transformed using
Box-Cox formula and logit transformation. The correlation coefficients between trans-
formed variables were calculated. Among others, it was found that 137Cs activities in soil
and moss as well as surface activity were well correlated with each other. The TF parame-
ters computed for 137Cs and 40K were correlated also. 

Principal Components Analysis (PCA) method was used to study interrelations
between groups of the transformed variables. 

It was found that the main contribution of 137Cs activity in environment originates
from soil but activities of 137Cs and 40K were usually higher in moss than in soil. It can be
supposed that the 137Cs isotope migrates to moss from its surrounding. Among others, sta-
tistically significant correlation between TF of 137Cs and activity of 40K in soil was found.
Low activity of 40K in soil conducive to the transfer of cesium to moss. The organic matter
content also affects transport of cesium and potassium between moss and soil.

Key words: transfer factor, moss, activity, 137Cs, 40K.
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radionuclides to a lesser extent.
In this work we have used moss Pleuroz-

ium schreberi to study transfer factor (TF) and
aggregated transfer (Tag) of radiocesium from
forest soil to plant.

Materials and Methods
Samples of the moss Pleurozium schre-

beri were taken in forests arround Opole
(south-western Poland). Most of them were
collected on the area of Bory Stobrawskie, in
the places located not less than 200 m from
roads.

The measurement of radionuclides
activity in moss ans soil samples were carried
out by means of a gamma-spectrometer with a
germanium detector HPGe (Canberra) of high
resolution: 1.29 keV (FWHM) at 662 keV and
1.70 keV (FWHM) at 1332 keV. Relative effi-
ciency: 21.7%. Energy and efficiency calibra-
tion of the gamma spectrometer was per-
formed with the standard solutions type
MBSS 2 (Czech Metrological Institute, Praha)
which covers an energy range from 59.54 keV
to 1836.06 keV. Geometry of calibration
source was Marinelli (447.7±4.48 cm3) with
density 0.985±0.01 g/cm3, containing
241Am, 109Cd, 139Ce, 57Co, 60Co, 137Cs,
113Sn, 85Sr, 88Y and 203Hg. Geometry of
samples container was Marinelli, 450 cm3.
Measuring process and analysis of spectra
were computer controlled with use of the soft-
ware GENIE 2000. The radiation spectrum
was recorded day and night. The measure-
ment uncertainty did not exceed 3%.

The 137Cs surface activity was deter-
mined with Canberra portable scintillation
spectrometer InSpector1000. This spectrome-
ter is an easy-to-use, hand-held, digital and
multichannel analyser ideal for the environ-
ment monitoring purposes.

Results and discussion
Values of the following parameters were

measured: 137Cs and 40K activities in moss
(aCsm and aKm respectively), 137Cs and 40K
activity in 10 cm top soil layer (aCSs and aKs
respectively), 137Cs surface activity (aCsa)
and organic matter content in top 10 cm soil
layer (OM).

From aCSm, aCSs and aCSa the transfer
factor (TF) and aggregated transfer factor val-
ues (Tag) were computed. 

The TF and Tag values are commonly
used for quantifying plant uptake of radionu-
clides. Dimensionless TF values can be conve-
niently defined as the ratio of the activity con-
centrations of plant material and the soil on
which the plant has grown:

TF = Bq/kg moss (d.w) / Bq/kg soil (d.w.)       (1)

where d.w. is abbreviation of "dry weight"
phrase.

Tag values are defined as the ratio of the
radionuclide activity concentration in an
organism (Bq/kg d.w. or w.w. - wet weight) to
the areal deposition of the nuclide in soil
(Bq/m2) and are expressed in units of m2/kg
(Dowdall, et. al. 2005):

Tag (m2/kg) = Bq/kg moss (d.w.) / Bq/m2 (2)

Table 1 shows the main statistical
parameters of the results obtained. In this
table "min" is the lowest value in data, Q1 is
lower quartile, ME is median, Q3 is upper
quartile, "max" is the highest value, xm is
arithmetic mean, respectively.

In most of the moss samples both
137Cs and 40K activities were higher in
moss than in soil. The transfer factors of Cs
and K were similar, supposing common
mechanism of ion transfer from soil to moss.
The Tag parameter values were changed in 

Table 1. Statistical parameters of the measurements results and computed parameters.
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wider range than the transfer factors.
To ensure proper inference from inves-

tigations of interrelations between variables,
the values of OM variable was transformed
using logit transformation. The remaining
variables were transformed using Box-Cox
formulas. In Table 2 the values of correlation
coefficients between transformed variables
are shown. 

The best correlation exists between
aCSs and aCSm and between TFCs and aKs.
The aCSs is well correlated with aCsa.

Table 3 shows results of eigenvalues
decomposition of correlations matrix. In this
table the principal components loadings
PC1 to PC6 and their components are
shown. The grayed rows contain the com-
puted parameters.  

The first six components, containing
above 99% of the total data variability,

should be considered in evaluation of mutu-
al relationships in data. The PC1 compo-
nent is determined by aCss, and aCSa
parameters. It might be supposed that PC1
describes the total 137Cs activity in environ-
ment, determined by aCss and aCsa. Con-
siderable contribution of TFCs and Tag is in
PC1 is the result of the relationship between
this parameters and 137Cs activities,
defined by equations 1 and 2. The PC2 com-
ponent is determined by aCsm and TFK and
OM. It might be supposed that the mecha-
nisms of Cs permeation from surrounding to
moss depends on organic matter content in
topsoil layer and is related to K ratio in moss
and in soil. The PC3 component is deter-
mined by aKm. The TFCs and organic mat-
ter content are the main components of
PC4. The aKs and Tag parameters are relat-
ed with each other in the PC5 component. 

Table 3. Results of eigenvalues decomposition and statistical parameters of PCs ordered by
decreasing variance

Table 2. Correlation coefficients between transformed variables
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Conclusions
The main contribution of 137Cs activ-

ity in environment originates from soil.
Concentration of both 137Cs and 40K was
usually higher in moss than in soil. It can be
supposed that the 137Cs isotope migrates to
moss from its surrounding. Statistical analy-
sis revealed a correlation between TF of
137Cs and activity of 40K in soil. Low activ-
ity of 40K in soil conducive to the transfer of
cesium to moss. The organic matter content
also affects transport of cesium and potassi-
um between moss and soil.
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Introduction
It is well known that conducting poly-

mers (CPs) in the oxidation process during
electro- deposition are easily doped with
small inorganic anions and consequently
exhibit anionic open-circuit sensitivity
(Bobacka at al., 2003). It was shown that the
cationic sensitivity may be enhanced and
stabilized by using a bulky, metal-complex-
ing ligands from the group of metal-
lochromic indicators as dopants (Migdalski,
2002). This provides the unique possibility
of forming CP films doped with big and bio-
logically active anions such as heparin or
adenosine triphosphate, as shown recently
by Paczosa-Bator at al., 2007). These films
may be used as biomimetic materials to
inspect processes important for membrane
potential formation or membrane transport.
In this work, a method allowing obtaining
poly(pyrrole) materials doped with heparin is

described. Heparin is a highly sulfonated gly-
cosaminoglycan constituted by disaccharic
repeating units of D-glucosamine (GlcN)
and L-iduronic acid (IdUA). It contains
many covalently linked sulfate and car-
boxylic acidic groups. The activity of heparin
is modulated by ions. The interaction
between heparin and magnesium, cooper,
zinc ions is strongly electrostatic; heparin
has the highest negative charge density of
any known biological macromolecule, carry-
ing an average of ~ 80 negative charges at
physiological pH (Desai, 2004). In this work
we present the ion binding to the heparin by
use biomimetic materials obtain by elec-
tropolymerization of poly(pyrrole) with
heparin.

Materials and Methods
Heparin sodium salt from bovine intes-

tinal mucosa (Fluka) was used as received. 
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Abstract
The interaction of biological (magnesium, calcium) and heavy metals (copper and

zinc) ions with heparin was studied by using biomimetic materials obtained by disperse this
anion in conducting polymer matrix. Heparin is a natural anticoagulant made in mast cells
and released into the blood, where in inhibits coagulation by binding to and stimulating the
anticoagulant protein antithrombin III. The interaction is strongly electrostatic; heparin
has the highest negative charge density of any known biological macromolecule. Heparin
binds very strongly to ions e.g. calcium therefore it is extremely important to understand the
interactions between cations and heparin. 

The heparin ions were introduced into poly(pyrrole) matrix during electropolymeriza-
tion. After that PPy-heparin membranes were conditioned to allow for the admission of
main cations this occurs in biological systems (Mg2+) and heavy metals (Cu2+ and Zn2+).
Close-to-Nernstian sensitivity was observed for the membranes under equilibrium. The
PPy-heparin-Mg(Cu)(Zn) membranes prepared in this way were used to study competitive
binding of calcium, magnesium, copper, and zinc ions to heparin.

Key words: Poly(pyrrole), heparin, membrane potential, magnesium, cooper, zinc, ion
binding
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Pyrrole (Merck) was purified by double distil-
lation under argon gas and then stored under
argon at low temperature and protected from
light.

The other reagents were purchased
from Fluka. All chemicals used were of ana-
lytical grade. All the solutions with a concen-
tration lower then 0.01 mol/L were prepared
just before use. Doubly distilled and freshly
deionized ELGA water (resistivity 18.2
MΩcm) was used throughout the work. 

Synthesis of polymer films on GC elec-
trodes was carried out using an Autolab gen-
eral Purpose System (AUT302N.Fra2-Auto-
lab, Eco Chemie, B.V., The Netherlands)
connected to a conventional, three-electrode
cell. The working electrode was a glassy car-
bon disk with an area 0.07 cm2. The refer-
ence electrode was an Ag/AgCl/sat.KCl elec-
trode connected to the cell via a bridge filled
with supporting electrolyte solution, and a
glassy carbon (GC) rod was used as the aux-
iliary electrode. The growth of heparin-
doped polypyrrole under potentiostatic or
potentiodynamic conditions was performed
using solutions containing 40 mg/mL of
heparin and pyrrole. The films were pre-
pared under potentiodynamic conditions by
cycling the potential between 0.0 V and
+0.8 V at scan rates of 20 mV/s. Potentio-
static growth was achieved by applying a
potential of +0.8 V. The charge passed for
PPy deposition with heparin was 480 - 840
mC/cm2.

The potentiometric measurements
were made with a 16-channel mV-meter
(Lawson Labs, Inc., Malvern, PA). The refer-
ence electrode was an Ag/AgCl/3M KCl elec-
trode (ΩMetrohm, Switzerland). 

After synthesis, the polymer mem-
branes were washed with deionized water
and then the electrodes were soaked and
stored in a solution of main ion (magne-
sium, cooper(II) or zinc(II)). As a rule, a
cationic response with a linear range within
the Mg2+, Cu2+, Zn2+ activities from
10-6 (10-5) mol/L to 10-1 (10-2) mol/L and
with a close-to-Nernstian slope was
observed for the PPy-heparin films after 1-2
weeks of soaking. 

All experiments were performed at
room temperature.

Results and Discussion
Potentiometric response of PPy-

heparin membranes 
The potentiometric response of the

poly(pyrrole) films doped with heparin was
tested in MgCl2, CuCl2 and ZnCl2 solu-
tions. The first calibration of the PPy-
heparin films was always performed without
conditioning and sensitivity towards Cu2+,
Zn2+ or Mg2+ ions was not observed, as
shown in Figure 1.

The cooper, zinc or magnesium sensi-
tivity was induced by soaking the films in
Cu(II), Zn(II) or Mg solution. After 2 weeks
of conditioning, the PPy-BL-Me films
showed a short response time (t90 about 10-15 s).

Figure 1. The Mg (a), Zn (b) and Cu (c) potentiometric sensitivity of poly(pyrrole) films doped
heparin without conditioning and after 2 weeks of conditioning in solution of main ions.

a b c



19715th ICHMET

ANALYTICAL TOOLS AND TECHNIQUES

The induced cationic sensitivity with a
close-to-Nernstian slope were very stable
during a period of 6 months (e.g. 28.92±0.74
mV/pMg in the range of 10-1 M to 10-5 M
Mg2+ activities, 27.48±1.04 mV/pZn in the
range of 10-2 M to 10-6 M ZnCl2 and
29.68±0.89 mV/pCu in the range of 10-1 M
to 10-5 M CuCl2). The representative cali-
bration plots of the PPy-BL films after 2
weeks of soaking with Mg, Cu and Zn solu-
tion are shown in Figure 1. 

Influence of interfering cations on
potentiometric response of PPy-heparin
membranes

As expected, the potentiometric
response of the PPy-heparin-Mg(Cu)(Zn)
were insensitive towards Na+ or K+ ions,
but interferences of other divalent ions were
apparent. The potentiometric response of
PPy-heparin-Mg membrane in solution that
contained interfering ions, is shown for
example in Figure 2. 

In the case of PPy-heparin-Cu mem-
branes, no sensitivity towards Na+, Ca2+
and Mg2+ ion was observed since the
heparin-Cu complex is the strongest one.
This proves that the complexing properties
of the heparin were retained in the conduct-
ing polymer matrix.

Conclusion
Heparin which was incorporated dur-

ing electrochemical deposition into a PPy
matrix retains their complexing properties
known from aqueous solution. This proper-
ty makes it possible to induce magnesium,

zinc and cooper sensitivity of PPy-heparin
membranes. After 2 weeks of soaking in
solution of magnesium, zinc or cooper the
PPy-heparin membranes exhibited sensitivi-
ty towards these cations with a close-to-
Nernstian slope. A different potential
response was observed after change of bulk
potassium, sodium, magnesium, calcium,
cooper or zinc. 

The biomimetic materials obtained on
the conducting polymer matrix can be use to
study metal binding to the heparin.

Acknowledgements
This work is supported by The Nation-

al Centre for Research and Development
(NCBiR), Grant No.
DWM/232/MATERA/2006 and is a part of
MASTRA MATERA ERA-NET project
funded under the 6th FP EU.

References
Bobacka J., Ivaska A. and Lewenstam A.

Potentiometric ion sensors based on conducting
polymers. Electroanalysis, 2003: 15, 366-374.

Desai U.R. New Antithrombin-Based
Anti- coagulants. Med. Res. Rev. 2004: 24,
151-181.

Migdalski J. Modification of potentio-
metric selectivity of polypyrrole films doped
with metal complexing ligands. Chem.
Anal. (Warsaw), 2002; 47: 595-611.

Paczosa-Bator B., Blaz T, Migdalski J.,
Lewenstam A. Conducting polymers in model-
ling transient potential of biological mem-
branes. Bioelectrochemistry 2007: 71, 66-74.

a b

Figure 2. The exemplary potential response of Mg (a) and Cu (b) potentiometric sensitivity
of poly(pyrrole) membranes doped heparin in solution of mix main and interfering ions.



210 15th ICHMET

ANALYTICAL TOOLS AND TECHNIQUES

Introduction
In general, environmental waters can

not be analyzed without sample pretreat-
ment in order of trace elements determina-
tion. A simple preparation step is necessary
to extract traces of elements from the aque-
ous medium. (Liska, 2000). For preconcen-
tration, different procedures such as liquid-
liquid extraction, co-precipitation, electro-
deposition and solid phase extraction have
been developed. Solid phase extraction tech-
niques are quite popular since they offer a
number of advantages over other methods.
One of these benefits is that sorbent materi-
al can be packed into mini-columns or car-
tridges which provide sufficient adsorption
capacity for many applications. (Uzoun et
al., 2001). In solid phase extraction, various
sorbents such as activated (Duran et al.,
2007) octadecyl bonded silica membrane
disk, silica-gel (Spivakov et al., 2006)
polyurethane foam and Amberlite XAD
resin family have been used (Kim et al.,
2005). Ameberlite XAD-4 is a non ionic
cross linked polymeric adsorbent which
derives its adsorptive properties from its
patented macro reticular structure, high sur-
face area and the aromatic nature of its sur-
face. This structure gives Amberlite XAD-4
polymeric adsorbent excellent physical,
chemical and thermal stability. Analytical
result must be validating because they are
used as a peace of valuable information for a

certain aim. Therefore, analysts are increas-
ingly impelled to validate analytical proce-
dures and to estimate the uncertainty associ-
ated to the results. Uncertainty can be
obtained by grouping all sources of uncer-
tainty. The approach proposed by Morato
calculates uncertainty in wide range of con-
centration and assume constant and propor-
tional bias may be present (Maroto et al.,
1999. In this approach recovery is estimated
with the method of averaged recovery and
constant bias with the Youden method
(Ghorbani et al, 2008). The aim of this study
was uncertainty estimation of analytical
results obtained by assessing trueness and
employing spiked samples in determination
of Fe and Co in river water samples in form
of 8-HQ complexes by SPE-ICP-OES. 

Materials and Methods
An 300 mg of XAD-4 resin (surface

area, 750 m2 g-1 and bead size, 100-150
mesh from Fluka were cleaned thoroughly
washed in the sequence of 1.0 mol l-1
NaOH, DI water, 2.0 mol l-1 HNO3, DI
water and dried in the air, was introduced
into a polytetrafluoroethylene (PTFE) mini-
column, (50×5 mm i.d.) plugged with a small
portion of glass wool at both ends. The col-
umn was preconditioned by passing a blank
solution prior to use. The performance of
proposed column was tested with model
solution prior to its application to real water 
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Abstract 
This work describes measurement uncertainty estimation for determination of Fe and

Co in natural water samples by solid-phase extraction and inductively coupled plasma opti-
cal emission spectrometry (SPE-ICP-OES). The procedure is based on the retention of ana-
lytes in the form of 8-hydroxyquinoline (8-HQ) complexes on a mini column of XAD-4 resin
and subsequent elution with nitric acid. To estimate the uncertainty of analytical result
obtained, we propose assessing trueness by employing spiked sample. Two types of bias are
calculated in the assessment of trueness: a proportional bias and a constant bias. We applied
Nested design for calculating proportional bias and Youden method to calculate the constant
bias. The results we obtained for proportional bias are calculated from spiked samples. In
this case, the concentration found is plotted against the concentration added and the slop of
standard addition curve is an estimate of the method recovery.  

Keywords: Uncertainty estimation, Solid phase extraction, inductively coupled plasma (ICP).
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samples. A 100 ml of the model solution con-
taining 10 µg each of Fe and Co ions prepared
by dilution of single element 1000 mg l-1
stock solutions ( Merck) and 100 µl of 8-HQ
solution (0.5 mol l-1, prepared in 2.0 mol l-1
hydrochloric acid), was added to form the
metal-complexes. The pH was adjusted to
desired value with the following buffer solu-
tions: Na3PO4/NaH2PO4 buffer for pH 2.0
and 3.0; NaCH3COO/CH3COOH buffer for
pH 4.0 and 6.0; Na2HPO4/NaH2PO4 buffer
for pH 7.0; NH4OH/NH4Cl buffer for pH
8.0-10.0; NaOH/NaH2PO4 buffer for pH
12.0.8-HQ (from Fluka) and controlled with
Mettler Toledo MA235 pH meter (Mettler
Toledo Instruments CO. LTD, Shanghai,
China) supplied with a combined electrode.
The sample solution was passed through a
cleaned and conditioned column at a flow rate
of 6.0 ml min-1 by using a multi-channel Hei-
dolph PD 5001 peristaltic pump. After load-
ing further washing with buffer solution
served to remove any sample still present in
the column. Finally, the metal-complexes
retained on the mini-column were eluted
with 2.0 mol l-1 nitric acid solution. The elut-
ed trace elements were measured by ICP-OES
(Optima 2100 DV inductively coupled plas-
ma optical emission spectrometer, Perkin
Elmer Instruments, Shelton, CT, USA) with
operating parameters which present in table
1. Samples used for the developing of the ana-
lytical procedure were collected from Karaj
River in the city of Karaj - Iran. All samples
were collected in pre-cleaned high density
polyethylene bottles. Collected samples acidi-
fied at pH lower than 2.0 by adding concen-
trated nitric acid in order to avoid metal
adsorption on to the inner bottles walls then
samples were filtered through a 0.45 µm poly-
carbonate membranes nucleopore filter.

Results and discussion
pH Effect: 
The influence of pH was studied in the

range of 2-12 using appropriate buffer. Each
pH value was tested more than three times. 

Quantitative recoveries were obtained
in the pH range of (6-12) for Fe and Co.

Effect of volume and concentration of
nitric acid for elution:

Two nitric acid solutions, 2.0 and 4.0
mol l-1, were simultaneously studied for
eluting volumes between 2.5-10 ml. Result
has shown those efficient metals elutions are
reached under 5-10 ml nitric acid volume
when using 2.0 mol l-1 and 4.0 mol l-1 nitric

acid. Therefore, the lowest nitric acid con-
centration (2.0 mol l-1) and the lowest nitric
acid volume (5 ml) were chosen for most of
the studied elements.

Table 1. Instrumantal and operating condi-
tions for CP-OES.

Effect of resin amount:
To test the resin amount for quantita-

tive retention of analytes, the column was
filled with different amounts of Amberlite
XAD-4 (200- 600 mg). The procedure was
applied. The quantitative recoveries for all
the examined analytes were obtained in
range of 200-600 mg resin. As a result in all
experiments 300 mg of XAD-4 was used.   

Effect of ligand concentration:
The influence of the 8-HQ concentra-

tion on the recovery of the metals was inves-
tigated in the range of 10-400 µl, 0.5 mol l-1,
8-HQ solution. The quantitative values were
obtained after 5×10-5 mol l-1 of 8-HQ. 

Effect of matrix ions:
One of the challenging principles in

preconcentration method is the elimination
of interfering ions.The matrix related prob-
lems in river water analysis are alkali and
alkaline earth metals (in the chloride form).
Which cause som e interference problems in
the analysis. Fortunately, the method used
here rejects more than 99% of the interfering
ions. The low values obtained might be due
to the washing of the column with ammoni-
um acetate solution before elution. The
interferences effects resulting from the pres-
ence of major elements are very limited in
our method.

Statistical Method
Uncertainty and validation of analyti-

cal procedures
Uncertainty can be calculated using

the information generated in the assessment
of trueness when the analytical procedure is
validated within the laboratory. Uncertainty
should then consider all the sources of error
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of the analytical results and can calculated in
a general way by grouping all these sources in
four terms:

U=[u2
precision + u2

trueness + u2
pre-

treatment + u2otherterms]1/2

In this study we calculate two first
items to estimate the final uncertainty in
precision study.

Precision study: The experimental
design we have proposed is a two-factor fully-
nested design. The use of the analysis of the
variance ANOVA provides the information
about intermediate and repeatability preci-
sions. (Ghorbani et al, 2008). 

Assessment of trueness: Trueness
should be evaluated, in terms of bias,
through the analysis of reference samples.
Analyst usually has to resort to spiked sam-
ples when the other references are not avail-
able. In the assessment of trueness, propor-
tional and constant bias is calculated from
spiked samples. (Affifi and Azin 1972; Mas-
sarat et al 1997). 

Standard addition method (SAM): cal-
culation of proportional bias and related
uncertainty:

100 ml of each river water (four sam-
ples) are spiked with analyte quantities of 2,
4, 6 µg for under study elements each spiked
sample analysed twice so the precision and
variability of results with the matrix can be
obtained. The slop of the SAM curve is an
estimate of the method recovery (R). (Expres-
sion present in Appendix A).

U(R)=[s(b(san,onc) + (R/bsc)s(bsc)2]1/2

Youden method, calculation of con-
stant bias and related uncertainty:

Youden plot can be defined as a sample
concentration curve plotted against sample
amounts and the intercept of it shows the
constant bias ( u(δct)). The uncertainty asso-
ciated to it. 

u(δct)=[s(YOU(conc))
2 + u2

condition +
u(sc)2]1/2

(Youden, 1947; Cardone, 1986).

The results of routine samples are
expressed as concentration: Concentration
of the routine samples obtained by using cal-
ibration curve. This concentration is calcu-
lated as conc=(cfound-δct)/R and the stan-

dard uncertainty of it, u, is obtained by
u=1/R[(conc x u(R))2 + u(δct) + u(cfound)2

Results and Discussion
The analysis of the spiked samples pro-

vides information about proportional bias.
Table 2 shows estimated of variance compo-
nent of variable in Nested - design and calcu-
lated result for metals.

Table 2. Estimation of variance component
of variable in Nested design.

Table 3. Recovery and its uncertainty from
SAM curve, Constant bias and its uncertain-
ty from Youden curve.

Table 4. Concentration together with its
uncertainty, obtained by two methods.

Table 3 shows the recovery calcula-
tions when results are expressed as concen-
tration found. To compare the results of this
method, recovery was calculated using the
method of averaged recovery as others do
(Maroto et al, 2001).The metals of five dif-
ferent amounts  (100- 500 mL) of Karaj River
was analyzed under intermediate precision
conditions. The analytical results were
expressed as concentration found. Table 3
also shows the constant bias and its uncer-
tainty. The variance of the residuals of the
Youden plot was compared with the variance
associated with the intermediate precision 
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of the method. Since the difference between
variances was not statistically significant, we
assume that the matrix effect was the same
for all samples and correct estimation of the
constant bias was obtained. Table 4 shows
the concentration, together with its uncer-
tainty, for all the metals and for two proce-
dures. As we can see, results of two proce-
dures are likely to be similar and the pro-
posed method provides good result.

Conclusion
The aim of this study was to estimate

the uncertainty of result obtained in deter-
mination of Fe and Co (8-HQ complexes) in
natural water sample by SPE-ICP-OES
method. The sample volume required for
this method is low and columns can be
reused for several times. Estimation of meas-
urement uncertainty for the analytical result
provides simple calculation which is in an
agreement with other uncertainty estima-
tion methods.

Appendix A
Standard deviation of the slope of the

standard addition curve.         
Standard deviation of the intercept of

the Youden curve.        
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Introduction
Despite the sensitivity and selectivity of

analytical techniques such as atomic absorp-
tion spectroscopy and inductively coupled
plasma emission spectroscopy there is a grate
necessity for the preconcentration of trace
elements prior their determination, basically
due to their low concentrations or the matrix
interference in aqueous samples (Ghorbani
etal 2008). To improve the sensitivity and
selectivity, preconcentration procedure such
as solvent extraction, co-precipitation (Doner
and Ege 2005), electro-deposition and solid
phase extraction are generally used before the
detection (Carasek etal 2002). Classical
methods of extraction ( Liquid- liquid extrac-
tion using a chelating agent)  are usually time
consuming and labor intensive and also this
technique has some other disadvantages
such as using large amounts of high- purity
solvents for extraction and the subsequent
disposal of the solvent. Dispersive liquid- liq-
uid micro extraction can be used as a suitable
method for preconcentration of elements in
aqueous media. The method is based on dis-
persion of extraction solvent in to aqueous
phase in the presence of dispersive solvent
(Bralizai etal 2009).

Lead is a nonessential heavy metal and
general toxicant. It is a multimedia pollutant
that causes pollution of soil, water and

atmosphere. Lead enters into the environ-
ment and human food chain due to its usage
in lead- based gasoline, paints, gunshot, bat-
teries and alloys. Adults absorb 5-15% of
interest lead and usually retain approximate-
ly 5% of what is absorbed. The entrance of
lead at levels > 0.5- 0.8 µg/ml into blood
causes various abnormalities. Lead accumu-
lates in the skeleton, especially in bone mar-
row. It is also neurotoxin and cause behavior
abnormalities, retarding intelligence and
mental development. Lead is classified as a
2B carcinogen by the IARC. Because of very
toxic effects, lead measurement for exposure
monitoring is very important. It is, there-
fore, very important to develop sensitive
methods for quantitative determination of
ultra trace amounts of lead (Memon etal
2005), (Anthemidis and Ionone 2006). The
aim of this study was determination of Pb by
Dispersive liquid- liquid micro extraction
(DLLME) using carbon tetrachloride as an
extraction solvent, acetone as a disperser sol-
vent and diethyldithiophosphoric acid as a
chelating agent. The determination of
extracted ions was done by electro thermal
atomic Absorption spectroscopy.

Preconcentration of Lead Ions in Natural Waters by Dispersive 
Liquid-Liquid Micro Extraction before Determination by 

Electrothermal Atomic Absorption Spectroscopy

F. Tavakolyanpour1, A. Ghorbani2, M. Nazarfakhari3

1Department of chemistry, Islamic Azad University, Science and Research Branch,
Tehran, Iran, tavakolyan_F@yahoo.com
2Department of chemistry, Islamic Azad University, Saveh Branch, Saveh, Iran,
a.ghorbani@iau-saveh.ac.ir
3Department of chemistry, Islamic Azad University, Saveh Branch, Saveh, Iran,
Mohammad.nazarfakhari@gmail.com

Abstract 
This work was investigated the preconcentration of in a Pb by Dispersive liquid- liquid

micro extraction (DLLME) using carbon tetrachloride as an extraction solvent, acetone as a
disperser solvent and diethyldithiophosphoric acid as a chelating agent. The determination
of extracted ions was done by electro thermal atomic Absorption spectroscopy. The influ-
ence of various analytical parameters including pH, extraction and disperser solvent type
and volume and concentration of the chelating agent on the extraction efficiency of analyses
was investigated. Under the optimum situation of procedure the limit of detection for ana-
lyte was 0.04 µg l-1 and the method was applied to some natural water sample in Saveh city.

Key words: Dispersive liquid- liquid micro extraction (DLLME), water analysis, Elec-
trothermal Atomic Absorption spectroscopy
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Materials and Methods
All chemicals used were of analytical-

reagent grade. Deionised water was used
throughout. Lead standard (various concen-
trations) and model solution were prepared
by dilution of single element 1000 mg l-1
stock solutions (Merck). Samples used for the
developing of the analytical procedure were
collected from Saveh tap water and River
water in the city of Saveh - Iran. All samples
were collected in pre-cleaned high density
polyethylene bottles. Collected samples acid-
ified at pH lower than 2.0 by adding concen-
trated nitric acid in order to avoid metal
adsorption to the inner bottles walls. Then
samples were filtered through a 0.45 µm
polycarbonate membranes nucleopore filter.

To 5 ml of water sample spiked with 0.5
µgl-1 of Lead with pleased in a 10 ml screw
cap polypropylene test tube with a conical
bottom (maintained at 400°C in a furnace for
removal of any organic and volatile inorganic
compound) injected rapidly 0.5 ml of acetone
(disperser solvent) containing 35 µl of carbon
tetrachloride (extractive solvent) and 5
DDTP as a chelating agent by syringe. A
cloudy solution formed and the Lead ions
reacted with DDTP and extracted in to car-
bon tetrachloride. Then, the mixture cen-
trifuge for 2 min at 5000 rpm in order to sed-
imented dispersed fine droplets of carbon
tetrachloride. Finally 20 µl of the sediment
phase were removed using micropipette and
injected into an electothermal Atomic
Absorption Spectrometer (ETAAS).

An atomic absorption spectrometer
with GF 90 plus furnace FS 95 auto-sampler
is used. The sample is collected and dis-
pensed via inert PTFE capillary with rabidly
interchangeable tips. All facilities are pro-
grammed from the atomic absorption spec-
trometer software and sampling facilities.
The temperature program used for the
graphite furnace is described in table 1.

Results and Discussion 
The influence of various analytical

parameters including pH, extraction and dis-
perser solvent type and volume, concentra-
tion of the chelating agent and interfering
ions on the extraction efficiency of analyses
was investigated.

pH Effect: 
The pH value plays an important role

in the complexation of chelating agent with
metals which form chelae complexes.

Table 1. The temperature program for Lead
determination by ETAAS.

In order to evaluate the effect of pH,
the pH values of the sample solutions were
adjusted in the range of 0.5-7 using appropri-
ate buffer solutions before the proposed
method was applied. The reason of this
range is that the diethyldithiophosphoric
acid makes an acidic pH in sample. Each pH
value was tested more than three times. The
data corresponding to these experiments
shows the higher recovery values and higher
enrichment factor in lower pH value. So,
generally pH = 4 is suitable pH for Lead ions
complex in the presence of DDTP.

Effect of extraction solvent type and
volume:

For the selection of extraction solvent
it is important to consider some properties
such as higher density than water, low solu-
bility in water  and capacity of extraction of
interested ions. Carbon tetrachloride and
chloroform were employed and compared in
the lead extraction. Also a serious of experi-
ments with different volume (25-100 µl) of
Carbon tetrachloride and chloroform were
tested. Result has shown those efficient lead
extractions (high enrichment factor) are
reached using Carbon tetrachloride and
chloroform under all volume of extraction
solvents for both of them. But because of
well stable cloudy solution in using Carbon
tetrachloride, we use carbon tetrachloride.
Therefore, the lowest volume of it 25 µl was
chosen this study.

Effect of disperser solvent type and volume:
The important criterion in selection of

disperser solvent for DLLME is its miscibility
in the organic phase (extraction solvent). For
this parameter a series of solvents (Acetone,
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acetonitril and methanol) were studied using
specific volume 0.5 ml of each disperser sol-
vent containing same amount of extraction
solvent (35 µl)  and chelating agent (5 µl)
were studied. Result shows that acetone is
the best choices for these experiments. After
finding the disperser solvent type, it was nec-
essary to find the optimum volume of it.
Various experiment were performed with
different volume of acetone in the range of
(0.2 - 1.5 µl). It was required to change the
extraction solvent volume by changing the
acetone volume in order to obtain a constant
volume the sedimented phase reminded
constant (25 µl). The result shows there is no
considerable difference in using various vol-
umes of acetone as disperser solvent. How-
ever, increase of the acetone volume, cause
increase complex solubility in water. So, we
chose the disperser solvent volume of 0.5 µl
as the best volume.

Effect of ligand concentration:
The influence of the DDTP concentra-

tion on the recovery of the lead was investi-
gated in the range of 0.02-0.5% (v/v). The
quantitative values were obtained after
0.05% (v/v) of the DDTP concentration.

Effect of matrix ions: 
One of the challenging principles in

preconcentration method is the elimination
of interfering ions. The matrix related prob-
lems in river water analysis are alkali and
alkaline earth metals (in the chloride form).
The presence of these metal ions which can
be replace with Pb in DDTP complex was
tested in by using different concentration of
Na, K, Ca and Mg. The results are presented
in table 2. Fortunately, the recovery obtained
for Lead ions with DLLME method are quan-
titative in all concentration rang of ions
which tested. 

Analytical Figure of Merit
Liner dynamic range, Limit of detection

and repeatability were calculated. The aver-
age relative standard deviations of the deter-
minations were below 7%. The limit of detec-
tion (3S, n = 10) for analyses was 0.04 µg l-1
and liner dynamic range found in the range of
0.04 - 1.2 µg l-1. The method was applied to
the analysis of trace elements in some natu-
ral water.

Conclusion
The aim of this study was determina-

tion of Pb by Dispersive liquid- liquid micro
extraction (DLLME) using carbon tetrachlo-

ride as an extraction solvent, acetone as a
disperser solvent and diethyldithiophos-
phoric acid as a chelating agent. The deter-
mination of extracted ions was done by elec-
tro thermal atomic Absorption spectroscopy.

Table 2. ffect of matrix ions in the recovery
of Pb extraction by DLLME.
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Introduction
Society's growing interest in environ-

mental issues requires the production of reli-
able information for policy-makers, stake-
holders and society in general. This informa-
tion must be based on accurate and compara-
ble results produced by qualified laboratories. 

The Marine Environment Laboratories
(MEL) of the International Atomic Energy
Agency in Monaco, have the programmatic
responsibility to provide assistance to Mem-
ber State laboratories in maintaining and
improving the reliability of analytical meas-
urement results, both in trace element and
radionuclide determinations. The Marine
Environment Studies Laboratories (MESL)
has been providing Quality Assurance servic-
es to laboratories involved in marine studies
for the past 30 years. This has included train-
ing, organization of intercomparison exercise
and production of Reference Materials (RMs)
following ISO guides recommendations. One
of the outcomes from the IAEA Coordinated
Research Project on sea food safety was the
identification of the need of producing
seafood matrix CRM with elevated level of
toxic elements. The species selected was Scal-
lops (Pecten Maximus), which is popular sea
food in many countries in the world. 

Description of the Material
A large quantity of Scallop (Pecten Max-

imus) wascollected in December 2007 and
January 2008 by scuba diving in the "Pertuis
Breton", western France. Organisms were
immediately dissected. Soft tissue (all but
adductor, muscle and gonads) were frozen,
freeze dried ground using a cutting mill

equipped with a final sieve of 250µm.
Aliquots of about 8 g were packed into glass
bottles with polyethylene screw caps and
sealed in plastic bags.

Selection of participating in the certifi-
cation process laboratories: 

The selection of participants for the cer-
tification exercise was based on results report-
ed on two previous interlaboratory compar-
isons, organised by MESL (IAEA 436 and
IAEA 158). 16 of laboratories with demon-
strated measurement performances sent all
requested information -measurement result
(value and expended uncertainty), description
of the method, result for moisture determina-
tion. The reference value for MeHg was
obtained from the results of the worldwide
interlaboratory comparison, run on the same
matrix in 2009. List of participating laborato-
ries is presented in Table 1.

Homogeneity Testing
Extensive homogeneity tests were car-

ried out on this material in order to ensure its
suitability as a reference material and to esti-
mate the uncertainty associated with homo-
geneity of the sample.

Homogeneity was determined in MESL
by graphite furnace atomic absorption spec-
trometry (Cd, As) and solid mercury analyser
for Hg. Results from duplicates or triplicates
(for Hg) sub-samples (200mg) from 15 bottles
were evaluated using one way analysis of vari-
ance ANOVA as recommended in ISO guide
35 (ISO, 2006). Obtained results for some of
investigated elements (in total 10 different
elements were tested) are presented in Table 2.

Certification Process of Trace Elements and MethylMercury
in IAEA-452 Biota Sample

S. Azemard, E. Vassileva, P. Bustamante, J. Oh, M. Betti 

International Atomic Energy Agency, Marine Environment Laboratories, 4 quai
Antoine 1er, MC 98000 Monaco, e.vasileva-veleva@iaea.org

Abstract
A new Certified Reference Material (CRM) for trace elements in Scallop (Pecten

Maximus) IAEA-452 is described and the results of the certification process are present-
ed. As, Cd, Hg and methyl mercury have been determined, and certified values on
amount content with the expended uncertainty are given. The CRM can be used for qual-
ity assurance/quality control of the analysis of trace elements in biota samples, for the
development and validation of analytical methods and for training purposes. 

Key words: trace elements, methyl mercury, biota sample, CRM, seafood safety,
certification
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Results and Discussion
17 Laboratories reported results for the

certification exercise as follows: 15 results
for Cd, 10 for As and 9 for Hg. The total
number of certified trace element in the Scal-
lop sample in this certification campaign is
12. Only results for  As, Cd Hg and MeHg
are presented in this study.

Table 1. Participants in the certification
exercise.

Stability Study
Five bottles of IAEA 452 were stored at

different temperature, -20°C, +20°C and
+60°C, just after bottling process. The first
measurement for the stability study of mate-
rial was performed 1 year after the prepara-

tion of the material and obtained results were
compared with the results from samples kept
at -20°C during this period. reveals no differ-
ence in between storage conditions (-20°C is
considered as reference T°). The stability
investigation for the evaluation of long term
stability is still ongoing. Results for Cd and
Hg are presented in Figure 1. As already
observed for other biological matrix (1) no
significant instability is demonstrated. 

Table 2 Results for between bottle ubb and
within bottle u'bb homogeneity for IAEA 45. 

Methods used by participants for the
determination of above mentioned elements
are listed in Table 4. The reference values
and  associated uncertainties are calculated
according to the ISO standard 35 (3):

u2= u2
char +u2

homo + u2
stab (1)

Obtained results for selected elements
are e presented in Table 3.

Figure 1. Stability results after 1 year. Error
bars represents one standard deviation
(n=5), start is the concentration of the mate-
rial before starting stability experiment.

Table 3 Reference values in mg kg-1for As,
Cd and Hg.



21915th ICHMET

ANALYTICAL TOOLS AND TECHNIQUES

Table 4. Analytical methods used by partici-
pants

FAAS: Flame Atomic Absorption Spectrophotometry;
GFAAS: Graphite Furnace Atomic Absorption Spec-
trophotometry; CVAAS: Cold Vapour Atomic Absorp-
tion Spectrophotometry; Solid-AAS: Solid Hg Anal-
yser; ICPAES: Inductively Coupled Plasma Atomic
Emission Spectrometry; CVAFS: Cold Vapour Atomic
Fluorescence Spectrophotometry; ICPMS: Inductively
Coupled Plasma Mass Spectrometry; NAA: Neutron
Activation Analysis; ID-MS: Isotope Dilution Mass
Spectrometry. 

Results grouped by method used for the
analysis are displayed in Figure 2, with the ref-
erence values and associated expanded uncer-
tainty (k=2), error bars represents expanded
uncertainty as reported by participants.

Selected trace elements and Methyl
Mercury

In total 20 laboratories send results for
MeHg in the frame of IAEA 452 interlabora-
tory comparison (2).  As for other elements,
selection of laboratories was made on the
bases of their previous measurement and
also on scientific judgment of the methods
used by different laboratories. The 16 results

for MeHg were obtained using a variety of
methodologies as described in Table 6. The
value is then calculated as the unweighted
mean and the associated uncertainty is cal-
culated according to the equation (1) were
uchar  is estimated as the standard deviation
of the mean. As this exercise was first an
interlaboratory comparison participants
were untitled to confidentiality. With the
exception of 3 laboratories, results of the rest
of participants in this exercise are presented
with lab codes.

All presented results are grouped by
methods and displays in figure 2, with the
recommended value and associated expand-
ed uncertainty (k=2). Error bars represents
expanded uncertainty as reported by partici-
pants, if not reported expanded uncertainty
was estimated based on the standard devia-
tion of 3 to 6 individual determinations. 

For selected trace elements certified val-
ues calculated have from 12 to 15% uncer-
tainty (k=2) which makes the material per-
fectly suitable for quality control purpose in
environment and food laboratories. The cer-
tified values are produced by including
results from 4 different techniques in the
case of As and 6 techniques in the cases of Hg
and Cd. The results from two primary meth-
ods of measurement were also included (4). 

For MeHg the certified value has a rela-
tively high uncertainty (20% k=2) compared
to other available reference material on sim-
ilar matrix and levels (SRM 2976, NIST,
USA). The certified value is obtained with a
wide range of methods, which include pre-
liminary chemical or gas chromatography
(2).followed by determination of MeHg as
organic mercury. 

Metrological traceability
Traceability of the certified values to

the International System of Units (SI) is
ensured through the set-up of the character-
isation. The participating laboratories used a
number of different methods for the sample
preparation as well as for the final determi-
nation, thus eliminating any possibility of
method dependent results. Only validated
methods were used. Different calibrants
were employed, including commercial stan-
dard solutions and CRMs. Most of the labo-
ratories also used matrix CRMs for quality
control. The values of the calibrants and QC
samples are traceable to the SI, as stated on
the respective certificates. In addition, the
agreement between the results confirms
absence of any significant method bias and
demonstrates the identity of the analytes.
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Figure 2. Results for As, Cd, Hg and CH3Hg sorted by analytical methods

Table 5. Methods for MeHg in IAEA 452

GC: Gas Chromatography; AFS: Atomic Fluorescence Spectrometry;AED: Atomic Emission Detector,ECD: Electron
Caprture Detector; ICP-MS: Induced Coupled Plasma Mass Spectrometry, ID- ICP-MS: Isotope Dilution Induced Cou-
pled Plasma Mass Spectrometry, AAS: atomic absorption spectrometry, CV: cold vapour, HPLC: liquid chromatography 
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Conclusion
This exercise allows assignment of ref-

erence values for As, Cd, Hg and MeHg with
associated uncertainties following ISO
guidelines. The produced matrix CRM is
suitable for quality control purposes of envi-
ronment and food laboratories, and has a
high level Cd as requested by experts in food
safety. 
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Abstract
Silver is introduced into the environment through both geochemical and anthro-

pogenic activities, resulting in well-known environmental pollution. The environmental
implications of silver are of increasing interest because new technologies, such as recent
advances in nanotechnologies, have rapidly increased its usage. Silver is highly toxic to a
wide range of bacteria, including some of the strains that have proven resistant to modern
antibiotics and its toxicity seems to be intensified when silver is delivered as a nanoparticle. 

This work presents an accurate and precise method developed for the determination of
Ag isotope ratio by MC-ICP-MS using Pd as an internal standard in combination with stan-
dard-sample-standard bracketing for mass bias correction. NIST SRM 978a (silver reference
standard) was used for method validation and subjected to column separation and sample
preparation processes. Significant differences in Ag isotope ratios were found among NIST
SRM 978a standard, selected commercial products (e.g. a colloidal Ag dietary supplement,
decanethiol functionalized Ag nanoparticles and X-static socks) and environmental samples
(e.g. domestic and industrial sludge, marine sediment and fish tissue liver). 

To the best of our knowledge, this is the first report on  107/109Ag variations in com-
mercial and environmental samples, and such data confirm that Ag isotope fractionation
may provide a useful tool for fingerprinting its sources in the environment and for studying
a wide variety of chemical and biological processes in nature.

Keywords: Isotope ratios, MC-ICP-MS, Isotopic fractionation, Ag, environmental samples
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Introduction
Recently there has been an increased

demand for developing methods which are
suitable for separation and trace level deter-
mination of uranium and chromium (VI)
from various types of samples including
rocks, sea water and industrial effluents. For
uranium, this demand is two-fold. Firstly, is
because of the high demand of uranium in
atomic energy programme and secondly, is
because of the toxicity of uranium in the envi-
ronment and hence the need for its removal
[Agrawal et al., 2006]. Both chromium (VI)
and uranium are pollutants capable of causing
irreversible toxities or even death if consumed

at high concentrations. For uranium, some
regulatory bodies such as US EPA set toler-
ance level of 0.03 mg/l of this contaminant in
drinking water [Anirudhan et al., 2009]
whereas the WHO, Health Canada and Aus-
tralian drinking water guidelines have set 20
µg/l as the maximum allowable concentration
of uranium in drinking water [Gilman et al.,
1998]. The uranyl ion (UO2

2+) with urani-
um in +6 oxidation state is the most toxic of
the uranium species. Both groundwater and
surface water can be polluted by uranium and
chromium (VI) which gets seeped from the
mining and milling leachates as well as from
the normal run-off from the mining sites.

Simple and Efficient Ion Imprinted Polymers for Recovery
of Uranyl Ion and Chromium (VI) from Environmental Samples

V. Pakade1, E. Cukrowska1, J. Darkwa2, N. Torto3, L. Chimuka1

1School of Chemistry, University of the Witwatersrand. P/Bag 3, WITS 2050, Johan-
nesburg, South Africa, luke.chimuka@wits.ac.za
2Department of Chemistry, University of Johannesburg, P.O. Box 524, Auckland Park
2006, South Africa. 
3Department of Chemistry, Rhodes University, P.O. Box 94, Grahamstown, 6140
South Africa.

Abstract
Uranium ion-imprinted polymer (IIP) was prepared by forming ternary complexes of

uranyl imprint ion with 1-(prop-2-en-1-yl)-4-(pyridin-2-ylmethyl)piperazine (PPMP) and
methacrylic (MAA) acid followed by thermal copolymerization with ethylene glycol
dimethacrylate (EDMA) as the cross-linking monomer  in presence of 1,1'-azobis(cyclohexa-
necarbonitrile) as initiator and 2-methoxy ethanol as porogen. Leaching of the uranyl ion
template from the IIP particles was achieved with successive stirring of the IIP particles in 5
M HCl solutions to obtain leached materials which were then used for selective rebinding of
uranyl ions from aqueous solutions. Various parameters affecting polymer performance
were investigated. SEM, IR and BET-surface area and pore size analysis were used for the
characterization of IIP materials. The extraction efficiency of the IIP and CP was compared
using a batch and SPE mode of extraction. The optimal pH for quantitative removal was 4.0-
8.0; sorbent amount of 20 mg; contact time of 20 min and the retention capacity of 120 mg
g-1 of uranyl ion of IIP. The IIP prepared demonstrated superior selectivity towards coexist-
ing cations and therefore the IIP can be used for selective removal of uranium from complex
matrices such as wastewater and coal flyash. In the case of chromium VI ion imprinted, first
a linear copolymer of 4-vinylpyridine and styrene was prepared. Thermal copolymerisation
of the 1,4-dichlorobutane-quartenised linear copolymer with 2-vinylpyridine (a functional
monomer) and ethylene glycol dimethacrylate (EGDMA) (as the cross-linking monomer)  in
presence of 1,1'-azobis(cyclohexanecarbonitrile) as initiator and methanol as porogen gave a
solid monolith. Leaching of the chromate anion template (ammonim dichromate) from the
polymer particles was achieved with successive stirring of the IIP particles in 4 M HNO3
solutions.  Characterisation and optimisation of various parameters was done as for urani-
um polymer. Optimal parameters were as follows, solution pH 3, contact time 90 min, elu-
tion of rebound chromium was effected with 10 ml of 0.1 M NaOH and sorbent amount 125
mg. Maximum retention capacity of IIP and CP was 37.58 and 25.44 mg g-1, respectively.
The extraction efficiency of the IIP and CP was compared using a batch and SPE mode of
extraction. 

Key words: Heavy metals, ion imprinted polymers, wastewater, removal
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Materials and Methods
Preparation of UO2(VI) MIP and con-

trol polymer
Both the control polymer and the ion-

imprinted polymer were prepared by thermal
polymerization using a method adapted
from Singh and Mishra (2009). The imprint
ion (0.5021 g) was complexed with 1-(prop-
2-en-1-yl)-4-(pyridin-2-ylmethyl)piperazine
(1 mmol, 0.2393 g) and methacrylic acid (9
mmol) in 10 ml ethanol for 30 minutes at
room temperature. This prepolymerization
ternary complex solution was then mixed
with 36 mmol of ethylene glycol dimethacry-
late (EDMA) and 50 mg of 1,1'-azobis(cyclo-
hexane carbonitrile). During mixing, the
polymerization mixtures were kept in ice
while continuously purged with N2 for 10
min. The reaction vessel was sealed and
thermally polymerized in water bath at 80
°C while stirring for 40 minutes. The bulk
polymers were dried at 55 °C overnight to
remove the solvent (porogen). Unreacted
monomers were removed by washing the
polymers with acetone, then acetone and
water mixture with increasing amounts of
water until only water was used. Finally, the
resulting polymer was then dried, ground
and wet-sieved to obtain the ion-imprinted
polymer represented in Scheme 2. Control
polymers (CP) was similarly prepared by
omitting the imprint ion.

Preparation of a linear polymer for
chromium (VI) (Li et al., 2005)

4-Vinylpyridine (3.154 g, 30 mmol),
styrene (4.262 g, 30 mmol) and 1,1'-
azobis(cyclohexane carbonitrile) (50 mg)
were dissolved in chloroform (12 ml) to form
a homogeneous system. The mixture was
purged with N2 for 10 minutes then poly-
merization was effected at 60 °C for 12
hours. The resulting solution was diluted
with chloroform and precipitated from
petroleum ether (30 - 70 °C fraction), filtered
and dried under vacuum to give a light
orange product (3.384 g). 

Preparation of a quaternized polymer
for chromium (VI) (Fang et al., 2007) 

A certain amount of linear polymer
(200 mg), ammonium dichromate (3 mmol)
and 1,4-dichlorobutane (18 mmol) were dis-
solved in methanol (15 ml) for 30 min.
EDMA (18 mmol), 2-VP (2 mmol) and 50
mg 1,1'- azobis(cyclohexane carbonitrile)
were added while the solution is stirred
under a stream of N2 in ice for 10 min. The
polymerization was effected at 65 °C for 48

hours.  A black solid product was obtained.
MeOH and water were used to wash unre-
acted reagents. Leaching of the chromate
was afforded by using 4 M HNO3. The prod-
uct was ground, crushed and wet sieved in
dichloromethane through 53-90 µm.  The
CP was prepared in the same manner but
omitting ammonium dichromate. The CP
polymer was also treated with similar solu-
tions used for treating IIP and both were
dried overnight at 55 °C.

Results and Discussion
Optimization of IIP quantity needed

for maximum extraction of UO2
2+

Different amounts of UO2
2+ imprint-

ed polymer (5, 10, 15, 20, 30, 35, 25 and 40
mg) were stirred for 1 hour in various sample
vials containing 30 ml aliquots of 1 µg/ml
UO2

2+ spiked water and the pH was adjust-
ed to 5 using a sodium acetate / acetic acid
buffer. A 0.45 µm filter was used to filter the
mixture and ICP OES was used to measure
the concentration of the unextracted
UO2

2+. All the experiments were conduct-
ed in triplicates and statistical methods were
utilised to determine the mean values and
standard deviations. A constant preconcen-
tration of 99.9% was achieved from 20 mg to
40 mg and hence 20 mg was chosen as opti-
mum IIP quantity needed (Figure1). 

Optimization of IIP quantity needed
for maximum extraction of Cr (VI)

Different amounts of Cr(VI) imprinted
polymer (25, 50, 75, 100 and 125 mg) were
stirred for 1 hour in various sample vials
containing 30 ml aliquots of 1 µg ml-1
Cr(VI) spiked water and the pH was adjusted
to 2.93 using 0.1 M HCl. This pH was cho-
sen based on the two earlier batch studies.
From Figure 2, CP shows a maximum con-
stant adsorption of Cr (VI) of about 98%
from 25 mg to 125 mg of the polymer used.
Hence, 30 mg can be regarded as optimum
for this type of polymer. However, the
adsorption increases steadily for the IIP and
seem to reach maximum at 125 mg. 
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Figure 1. Quantity of IIP and CP optimization.

Figure 2. Effect of sorbent dosage of IIP and CP. Solution pH 2.93; concentration of solu-
tion, 1 mg l-1; volume of solution, 25 ml; contact time, 60 min. 
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Introduction
Toxic metals are one of the oldest envi-

ronmental problems. Industrial activity dur-
ing the past years has caused a sharp
increase in the concentration of many met-
als in air, soil, and waters. Pollution of the
environment and human exposure to metal-
lic elements may occur naturally by erosion
of surface deposits of metal minerals, as well
as from human anthrophogenic activities,
such as mining of coal, natural gas, smelting,
fossil fuel combustion, and industrial appli-
cation of metals, among others, in chemical
industry, production of paper, plastics, plat-
ing and the manufacture of lubricants and
chlor-alkali industries (Friberg, 2009). Some
heavy metals such as cobalt, copper, iron,
manganese, molybdenium, vanadium,
strontium and zinc are essential to health in
trace amounts. The others are non-essential
and can be harmful to health in excessive
amounts. These include cadmium, antimo-
nium, chromium, mercury, lead, and arsenic
- the last three being the most common in
the cases of heavy metal toxicity. The toxici-
ty of heavy metals depends on a number of
factors. Specific symptomatology varies
according to the metal in question, the total
dose absorbed, the age of living organism (for

example, young children are more suscepti-
ble to the effects of lead exposure because
they absorb several times as much as the per-
cent assimilated compared with adults) and
whether the exposure was acute or chronic.
The form in which metal ions occur is also
important. The toxicology of metal ions
ranges from comparatively simple ionic salts
to organometallic compounds. All heavy
metal ions exist in surface waters in col-
loidal, particulate, and dissolved phases,
although dissolved concentrations are gener-
ally low. The colloidal and particulate metal
ions may be found as hydroxides, oxides, sil-
icates, or sulfides or adsorbed to clay, silica,
or organic matter. The soluble forms are gen-
erally ions or unionized organometallic
chelates or complexes. The solubility of trace
metals in surface waters is predominately
controlled by the water pH, the type and con-
centration of ligands on which the metal
could adsorb, and the oxidation state of the
mineral components as well as the redox
environment of the system. Drinking water
is also a significant route of exposure partic-
ularly if it includes arsenic, aluminium, iron,
manganese, cadmium, chromium and lead.
Among different types of contaminants two
are extremely toxic: hexavalent chromium 

Chromium and Arsenic Removal in the Presence 
of Complexing Agent of New Generation
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Abstract 
In the presented paper the ion exchange method for removal of chromium and arsenic

was studied. The research was carried out using ion exchangers of different types capable of
their effective removal i.e. Amberjet 4200, Amberjet 4400, Amberjet 4600, Purolite S 957,
Diphonix, and Dowex M 4195. Influence of type and stability of sorbed complexes, sorption
time, initial concentration, pH, electrophoretic mobility, surface charge density, and tem-
perature was estimated. In this process the effect of the complexing agent of a new genera-
tion - methylglycinediacetic acid MGDA was also studied. In the research there were also
applied the complementary measurement methods - scanning electron microscopy (SEM),
atomic absorption spectrometry (AAS), as well as adsorptive stripping voltammetry (AdSV). 

Key words: chromium, arsenic, sorption, ion exchange
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and arsenic3+,5+. Chromium contamina-
tion has been one of the major problems in
the environmental protection due to its
extensive use in various industries such as
metallurgical processes, pigments, electro-
plating, tanning production. Discharged
chromium compounds can have adverse bio-
logical and ecological effects. The Interna-
tional Agency for Research on Cancer
(IARC) has determined that chromium6+
compounds are carcinogenic. Water-soluble
chromate compounds are responsible for
mutagenicity, and chromosomal damage
and were found to be very active (Sharma et
al., 2008). Also arsenic is a well-known toxic
chemical that the Environmental Protection
Agency (EPA) and the World Health Organi-
zation (WHO) list as a known carcinogen.
While arsenic occurs naturally, it may be
also found as a result of a variety of industri-
al applications, including leather and wood
treatments as well as pesticides, metallurgi-
cal processes, refining petroleum, and burn-
ing fossil fuels. These industrial activities
have created a strong legacy of arsenic pollu-
tion. However, many water systems all
around the world contain arsenic concentra-
tions exceeding 10 g/L promoted by EPA or
WHO. Consumption of arsenic containing
water causes serious health-related problems
because of its toxicity. Arsenic was also
clasiffied by the IARC as a Class A human
carcinogen. The symptoms of chronic poi-
soning include skin, liver, lung, kidney, and
bladder cancers as well as nausea or vomit-
ing, abdominal pain, excessive salivation,
headache, paralysis, kidney failure etc
(Mohan and Pittman, 2007). The combina-
tion of high toxicity and widespread occur-
rence of both chromium and arsenic has cre-
ated a pressing need for their effective moni-
toring, measurement as well as removal. 

In the presented paper the ion
exchange method for removal of chromium
and arsenic was studied. The ion exchange
method is commonly applied for chromium
removal from galvanic wastewaters. The
research was carried out using ion exchang-
ers of different types capable of their effective
removal. Influence of type and stability of
sorbed complexes, sorption time, initial con-
centration, pH, and temperature was esti-
mated. In this process the effect of the com-
plexing agent of a new generation - methyl-
glycinediacetic acid MGDA, as a component
of galvanic wastewaters, was also studied. In

the research there were also applied the com-
plementary measurement methods - scan-
ning electron microscopy (SEM), UV-Vis and
adsorptive stripping voltammetry (AdSV).

Materials and Methods
The following ion exchangers were

used in the investigations: Amberjet 4200,
Amberjet 4400, Amberjet 4600, Purolite S
957, Diphonix and Dowex M 4195.
K2Cr2O7 and Na2HAsO4 were used as
sources of Cr3+,6+ and As3+,5+. MGDA -
methylglycinediacetic acid (BASF, Ger-
many) was used to react with appropriate
solutions of these metal ions at pH without
adjustment. The stock solution was further
diluted to the required experimental concen-
tration. The other chemicals used were of
analytical grade. The adsorption perform-
ance of metal ions on selected ion exchang-
ers was investigated by batch test. 250 mg of
resins were suspended in 25 mL solution in
flasks, which were placed in the thermostat-
ic shaker. At a desired temperature, the
flasks were shaken for 1 h, which proved to
be enough to reach sorption equilibrium.
The solutions were filtrated, and the concen-
trations of metal ions in the filtrate were
determined by the UV-Vis method as well as
adsorptive stripping voltammetry (AdSV). 

The sorption capacity was calculated
by the following equation:

q=(c0-ce)V/m             (1),
where: q is the adsorption capacity

(mg/g), c0 is the initial concentration of solu-
tion (mg/L), ce is the concentration after
sorption (mg/L), V is the volume of the solu-
tion used for sorption (L), and m is the mass
of the dry resin (g). 

Results and Discussion
As follows from the speciation diagrams

presented in Fig. 1a-b both chromium and
arsenic exist in the form of negative charged
species in the wide range of pH. For example,
at pH 1 chromium6+ exists in the form of
H2CrO4, while in the range 2-5, Cr2O7

2-and
HCrO4- species coexist, of which HCrO4-
predominates. As pH increases these forms
shift to CrO4

2- and Cr2O7
2-. In the case of

arsenic, at pH 1 it exists as H3AsO4, at pH 3-
6 as H2AsO4-, and at 8-11 as HAsO4

2-,
while above pH 11 as AsO4

3-.
The effect of the phase contact time and

concentration
The effect of time on the removal effi-

ciency of Cr6+ as well as Cr6+ in the presence



11315th ICHMET

WASTEWATER TREATMENT

of MGDA at different initial concentrations
on the strongly basic anion exchanger
Amberjet 4200 is shown in Fig. 2 a-b. 

Figure 1 a-b. The distribution species of
Cr6+ and As5+ as functions of pH.

Figure 2. The effect of the phase contact time
on the sorption of (a) Cr6+ and (b) Cr6+
complexes with MGDA on Amberjet 4200.

The analogous results were obtained in
the case of Amberjet 4400 and Amberjet
4600. It can be seen that the rate of Cr6+
sorption was initially quite high, followed by
a much slower subsequent removal rate. As
follows from the obtained results the sorp-

tion efficiency increases with the increasing
concentrations of the removed ions.

As for sorption of As5+ ions the
obtained results are presented in Fig. 3 a-b.
The rapid sorption of As5+ on Amberjet
4200, similarly to the Cr6+ sorption, is
attributed to the surface site initially avail-
able and is very large compared to the con-
centration of sorbed ions and consequently,
the rate of sorption was very high. Also in
this case, commonly for Cr6+ the influence
of MGDA is neglectable. The analogous
results were obtained in the presence of
EDTA by Petrov et al. (2008). It can be
explained by the fact that the studied anion
exchanger is characterized by very low affini-
ty towards MGDA ions, whereas the affinity
series for the other ions can be as follows: 

SO4
2->HAsO4

2->CO3
2->NO3

-
>Cl->H2AsO4

->HCO3
->>>H3AsO3.

Figure 3. The effect of the phase contact time
on the sorption of (a) As5+ and (b) As5+
complexes with MGDA on Amberjet 4200.

In order to investigate the sorption rate
of Cr6+ and As5+ the experimental data
were submitted to the pseudo-first and pseu-
do-second order kinetics models and the
characteristic parameters were determined.
It was found that slightly better fit was
achieved when the pseudo-second order
model was applied. Similar results were pre-
sented, among others, in the papers by An et
al (2003), Escudero et al. (2009) and Kumar
et al. (2008).
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The effect of pH and temperature
Chromium and arsenate sorption on

the anion exchangers Amberjet 4200,
Amberjet 4400, Amberjet 4600 was quanti-
fied from solutions at the pH values of 1-12.
As follows from Fig. 4a the maximum sorp-
tion capacity of Cr6+ occurs between pH 4-
12 when CrO4

2- and Cr2O7
2- are the pre-

dominant species in solution. In the case of
As5+ (Fig. 4b) the sorption capacity gradual-
ly increases and reaches the maximum val-
ues in the pH range above 9-10. In the case of
the chelating ion exchangers such as Purolite
S 957 and Diphonix the sorption efficiency is
very low because they are capable of sorption
of Cr3+ ions (Fig. 4 a-b). 

Figure 4a-b. The effect of pH on the sorption
of (a) Cr6+ and (b) As5+ on the studied ion
exchangers. 

Figure 5. The effect of temperature on the sorp-
tion of As5+ on the studied ion exchangers. 

As was indicated also the temperature
has an insignificant effect on the sorption effi-

ciency of both Cr6+ and As5+. The exam-
plary results for As5+ are presented in Fig. 5.

Conclusions 
Chromium and arsenic ions sorption on

the anion exchangers Amberjet 4200, Amber-
jet 4400, Amberjet 4600 are sorbed to a large
extent. The present study has shown that
their removal depends on the solution phase
contact time, pH, and initial ion concentra-
tion. The studied anion exchangers were suit-
able for Cr6+ and As5+ removal since their
functional groups were capable of binding
these anions by an ion exchange mechanism.
The sorption process was relatively quick and
very efficient and the anion exchange process
is likely to become an alternative to other tra-
ditional treatment processes.
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Introduction
Activation analysis is a pretty well

known analytical technique used for detec-
tion of major, minor and trace elements in
geological, environmental, biological  sam-
ples in ppb-ppm range without or with chem-
ical separation. In this method the nuclei of
the sample, exposed to a suitable radiation
field, are activated and then a subsequent or
simultaneous measurement of the secondary
particles emitted, in particular gamma - rays,
is performed. Neutron, photon or charged
particles can be used as incident radiation.
This analytical technique provides both qual-
itative and quantitative analysis. Proton acti-
vation analysis (PAA) complements the neu-
tron activation analysis (NAA), which is the
most popular among activation techniques.
PAA is not as common as neutron activation
analysis since it is consider to be more expen-
sive. Moreover, due to the complexity of acti-
vation system (presence of secondary neu-
trons, possibilities of (p,xn) reactions etc.) the
results in general may be difficult to inter-
pret. However, in some cases it seems to be a
promising and prospective technique for
trace element analysis.

One of the most important problem in
all quantitative technique is normalization.
The relative measurement appears to be the
simplest method to avoid such problems.
Nonetheless a key question in case of activa-

tion analysis is the stability of activation
flux. Ensuring the same irradiation condi-
tions for each of irradiating samples not
always can be easy to perform and some-
times requires some sophisticated resorts.

Materials and Methods
Our solution is based on rotating target

holder thanks to which samples and stan-
dards situated in plastic vials are activated
simultaneously (Fig.1).

AIC-144 isochronous cyclotron -
designed and constructed at The Niewod-
niczański Institute of Nuclear Physic Polish
Academy of Science - can accelerate protons
up to energy of 60 MeV (internal proton cur-
rent in the range of a few µA) (Bakiewicz at
al., 2003). Such energy is sufficient for (p,5n)
reaction needed to obtain 123I (T1/2=13,27
h) from stable 127I. 

A preliminary analysis was undertaken
to identify the possible channel reactions
leading to the production of radionuclides.
Particular consideration was given to the
magnitude of the reaction cross sections and
to the energy of the incident protons corre-
sponding to the maximum yield. Possible
candidate reactions are listed in Table 1. 

123I produced as a result of the decay of
123Xe nuclei can be detected using high res-
olution gamma - ray spectrometer. In this
work gamma spectra were collected using

Proton Activation Analysis Using AIC-144 Cyclotron 
as a Tool for Trace Element Analysis
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Abstract
Proton Activation Analysis (PAA) is a sensitive analytical technique. It is useful for per-

forming both qualitative and quantitative multi-element analysis of major, minor and trace
elements. To avoid some problems with normalization and stability of beam flux we propose
to use rotating target holder. This solution ensure the same irradiation conditions for all sam-
ples. The method was tested using KI solutions irradiated with protons accelerated up to the
energy of 60 MeV in AIC - 144 isochronous cyclotron. Measurements of signal from 123I
(159 keV gamma line) performed using high resolution gamma - ray detector allow to obtain
the calibration curve and determine the detection limit in specific irradiation conditions. The
detection limit of activated samples can be improve by separation of 7Be which is produced
in spallation reactions from 16O commonly presents in aqueous solutions.

Key words: Proton Activation Analysis, trace element analysis
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Figure.1. Rotating target holder with sam-
ples irradiated by external proton beam from
AIC - 144 cyclotron.

HPGe planar detector connected to multi-
channel buffer card (Silena, Milano, model
8332). Our set-up was tested using KI solu-
tions in the range from 10-1 M to 10-7 M.
Samples were prepared by successive dilu-
tion and each of the plastic vial has con-
tained 6 ml of KI solution. The rotating tar-
get holder supporting up to 8 samples is
mounted at the end of beam line. As the disk
rotates, each sample is brought in front of
the beam spot just for the time resulting
from the rotation speed (about 60 rpm). The
external beam current during irradiation
amounted to 20 nA. In turn, the irradiation
time hasn't crossed 1 hour. Measurements
were performed after 18 hours of the cooling
time and lasted 0.5 h for each of the samples.

Results and Discussion
Fig. 2 shows calibration curve obtained

during initial stage of our trials. It describes
relationship between the counts deriving from
I-123 radionuclide (which has relatively short
half-life and decays via EC; its gamma spec-
trum shows only one intense line correspon-
ding to gamma quanta of energy 159 keV
(83 %) and molar concentration of potassium
iodide both for theoretical points and those
obtained in measurements. As we see from

the curve, in this work, the use of proton acti-
vation analysis allowed us to reach the detec-
tion limit of I-123 on the level of 10-5 M. 

Conclusion
Introduction of radiochemical analyses

can improve the detection limit significantly
since at present the main limitation is due to
Compton effect from 7Be (Eγ = 478 keV,
10.52%) line.Beryllium - 7 is produced in
target aqueous solutions by 16O (p,
spall)7Be reactions (Kolsky and Mausner,
1998). Separation and removal of beryllium
from activated sample seems to be the most
important question of the present work.

Figure 2. Calibration curve obtained from
measurements of irradiated KI solutions.
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Introduction
Determination of trace metal ions in

natural waters is becoming increasingly
important because of the increase interest in
monitoring environmental pollution. For
preconcentration, different procedures such
as liquid-liquid extraction, co-precipitation,
electro-deposition and solid phase extraction
mainly using ionic exchange resins have
been developed (Liska, 2000). Among all
these procedure solid phase extraction tech-
niques are quite popular since they offer a
number of important advantages over other
preconcentration methods. One of these
benefits is that sorbent material can be
packed into mini-columns or cartridges
which provide sufficient adsorption capacity
for many applications. (Komjarowa and
Blust, 2006). In solid phase extraction, vari-
ous sorbents such as activated carbon,
octadecyl bonded silica membrane disk, sili-
ca-gel (Spivakov et al., 2006), polyurethane
foam, chelex 100 were used. Amberlite XAD
resin family has also been used for the
peconcentration of trace metal ions from
various media such as natural water sam-
ples, urine and geological samples (Kim et
al., 2005) (Doner and Ega., 2005). Amberlite
XAD-4 is a polymeric adsorbent with excel-
lent physical, chemical and thermal stability
and it is also stable at all pH range in aque-
ous solutions (Guo et al., 2004), (Singh and
Maiti, 2006). 

Materials and Methods
All chemicals used were of analytical-

reagent grade. Deionised water was used
throughout. Standard (various concentra-
tions) and model solution were prepared by
dilution of single element 1000 mg l-1 stock
solutions of Lead and Cadmium (Merck).
Nitric acid, hydrochloric acid, methanol,
sodium acetate, acetic acid and ammonia
solutions were purchased from Merck.
Amberlite XAD-4 (particle size, 0.2-0.3 nm)
was obtained from Serva. Column experi-
ments were performed with micro-particles,
prepared by crushing XAD-4 resins in a mor-
tar, subsequently sieving into fractions.
Fractions were cleaned thoroughly washed
in the sequence of 1.0 mol l-1 NaOH, DI
water, 2.0 mol l-1 HNO3 and DI water. It
was finally washed with methanol and dried
in the air. Glyoxal- bis- (2-hydroxyanil)
(GBHA) (from Merck) solution (0.01 mol l-
1) was prepared in methanol.

General procedure: 
The performance of proposed column

was tested with model solution prior to its
application to real water samples. 100 ml of
the model solution containing 2 µg each of Pb
and Cd prepared and 50 µl of GBHA solution
was added to form the metal-complexes. The
pH wasadjusted to desired value with appro-
priate buffer solution. The sample solution
was passed through a cleaned and condi-
tioned column at a flow rate of 5.0 ml min-1

Determination of Cadmium and Lead Ions in Water Sample by
AAS after Preconcentration by XAD-4/GBHD System
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Abstract 
This work was investigated the preconcentration of in a Pb and Cd ions by Atomic Absorp-

tion Spectroscopy (AAS) using solid phase extraction.  The procedure is based on the retention of
analytes in the form of Glyoxal- bis- (2-hydroxyanil) (GBHA) complexes on a mini column of
XAD-4 resin and subsequent elution with nitric acid. The influence of various analytical param-
eters including the pH, resin amount, elution factors (concentration and volume of eluting solu-
tion), volume of sample solution, and amount of ligand on the extraction efficiency of analytes
was investigated. The average relative standard deviations of the determinations were below 7%.
The limits of detection for analytes were found in the range of 0.06 - 0.50 µg l-1. The method was
applied to the analysis of trace elements in some natural waters from Birjand city of Iran.

Key words: Solid phase extraction (SPE), water analysis, Atomic Absorption spec-
troscopy (AAS)
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by using a peristaltic pump. After loading fur-
ther washing with buffer solution served to
remove any sample still present in the column.
Finally, the metal-complexes retained on the
mini-column were eluted with 2.0 mol l-1
nitric acid solution. The eluted trace elements
were measured by AAS. The column could be
used repeatedly after regeneration with
2.0 mol l-1 nitric acid solution, DI water, and
methanol and DI water, respectively.

Sample collection: Samples used for
the developing of the analytical procedure
were collected from Birjand in the city of Bir-
jand - Iran.

All samples were collected in pre-
cleaned high density polyethylene bottles.
Collected samples acidified at pH lower than
2.0 by adding concentrated nitric acid in
order to avoid metal adsorption on to the
inner bottles walls, then samples were fil-
tered through a 0.45 µm polycarbonate
membranes nucleopore filter.

Results and discussion 
Influence of analytical parameter
The influence of various analytical

parameters including the amount of solid
phase, pH, elution factors (concentration
and volume of eluting solution), volume of
sample solution, and amount of ligand on
the extraction efficiency of analytes was
investigated and after finding the optimum
situation of analyze, method was applied to
some real water sample.

Effect of pH: 
The pH value plays an important role

in the complexation of GBHA with metals
which form chelate complexes. The influ-
ence of pH on the solid phase extraction of
trace metal ions was studied in the range of
2-12 using acetic acid (2M)/ sodium acetate
(2M) and ammonia (1M)/ Nitric acid (1M)
for pH adjustment respectively. Each pH
value was tested more than three times. The
results has shown the most of the studied
metals are largely formed/retained at pH=8.
Quantitative recoveries were obtained in the
pH of (8) for Pb and 12 for Cd. 

Effect of volume and concentration of
nitric acid for elution:

In order to study the influence of eluent
in solid phase extraction of metal ions, two
nitric acid solutions, 2.0 and 4.0 mol l-1,
were simultaneously studied for eluting vol-
umes between 2.5-10 ml. Result has shown
those efficient metals elutions are reached
under 5-10 ml nitric acid volume when

using 2.0 mol l-1 nitric acid as eluting solu-
tion. Similar results have been obtained by
using 4.0 mol l-1 nitric acid. Therefore, the low-
est nitric acid concentration (2.0 mol l-1) and 5
ml nitric acid were chosen for studied elements.

Effect of resin amount: 
To test the resin amount for quantita-

tive retention of analytes, the column was
filled with different amounts of Amberlite
XAD-4 (200-700 mg). The procedure was
applied to the model solutions given above by
use of these columns. The quantitative recov-
eries for all the examined analytes were
obtained in range of 200-600 mg of resin. As a
result in all experiments 300 mg of XAD-4
was used.

Effect of sample volume:
In order to explore the possibility of

enriching low concentration of the metal
ions from large volumes, the influences of
the sample volume on the recoveries of the
investigated metal ions were examined and
maximum applicable sample volume was
determined. The recoveries of the metal ions
from different volumes of aqueous model
solution containing the same amounts of the
metal ions were tested in the range of 50-800
ml. The recoveries were found to be stable up
to 500 ml of sample volume for Pb and 700
ml for Cd. The result presents in Table 1.

Effect of ligand concentration:
The influence of the GBHA concentra-

tion on the recovery of the metals was investi-
gated in the range of 10-200 µl of 0.01mol l-1
GBHA solution using the aforementioned
model solution. The quantitative values were
obtained after 25 µl of GBHA. After this point
the recoveries were quantitative in all working
range of GBHA.

Table 1. Effect of the sample volume on recov-
eries (%) of the investigated metal ions (n=5)
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Effect of matrix ions:
One of the challenging principles in

preconcentration method is the elimination
of interfering ions. The matrix related prob-
lems in river water analysis are alkali and
alkaline earth metals (in the chloride form).

Fortunately, the method used here
rejects more than 99% of the interfering
ions. The recoveries of interfering ions (Na,
K and Mg) were less than 1% in the precon-
centration solution. The interferences
effects resulting from the presence of major
elements are very limited in our method
which makes it suitable for the determina-
tion of metals in a complex matrix such as
sea water.

Analytical figure of merit
The analytical performance of the

method can be shown for the results
obtained from AAS measurements. The
accuracy of the procedure was confirmed by
the recoveries of spiked two water samples
(100 ml of river water) with analyte quanti-
ties of 2, 4, 6 µg for Pb and Cd. As can be
seen, good recoveries were reached for all ele-
ments which confirmed the accuracy of the
procedure. The limit of detection given by
LOD=3 (S.D) were calculated, where S.D. is
the standard deviation of (n = 12) measure-
ments of blank. After preconcentration
LODs for Pb and Cd were 0.5 and 0.06 µg l-1
respectively. 

The repeatability of over-all procedure
(solid phase extraction and AAS) was
assessed by analyzing a same river water
sample three times. The average relative
standard deviation (R.S.D) was lower than
7 % respectively.  

Conclusion
In this study we used XAD-4 resin as a

sorbent material for separation and precon-
centration of Pb and Cd (GBHA complexes)
from aqueous solution. The procedure is
simple but requires very clean instrument
and high purity reagents. For this purpose a
previous washing step with 2.0 mol l-1
HNO3, is required to avoid contamination
from the XAD-4 adsorbent packing material.
Preconcentration of trace metals and elimi-
nation of matrix effects were successfully
achieved which is one of the advantages of
the method. So the proposed procedure can

be extended to the determination of the
investigated metal ions in the various sam-
ples having high salt contents as sea waters,
urine and dialysis solutions. In addition, the
sample volume required for this method is
low when comparing to other methods and
XAD-4 columns can be reused for several
times without losing of analytical perform-
ances. At last, the proposed method demon-
strated good sensitivity, precision and accu-
racy for all the analytes.
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Introduction
Lead deposits show characteristic lead

isotope compositions (Sangster et al., 2000).
In environmental sciences the 206Pb/207Pb
lead isotope ratio is often used to prove lead
contamination of different compartments of
the environment at the global scale (e.g.,
Komarek et al., 2008). Reimann et al. (2008)
have recently pointed out that the lead isotope
signature may change at the geosphere/bios-
phere interface and that the regional distribu-
tion and variation (the background) of the lead
isotopes must be documented before reliable
conclusions about the impact of human activ-
ities on global lead cycles can be drawn. Project
CZ0074 studies element concentrations (>30
elements) and lead isotope ratios in a variety of
different sample materials at the scale of the
Czech Republic.

Materials and Methods
Forest floor humus (O-horizon), moss

(Pleurozium schreberi) and grass (Deschamp-
sia flexuosa) were collected at up to 280 loca-
tions evenly spread over the territory of the
Czech Republic. The average sample density
was 1 site per 230 km2. All samples were air-
dried. The humus samples were sieved to pass

a 2 mm nylon screen. All samples were digest-
ed in triplicate in conc. HNO3 + H2O2 in a
microwave digestion system. All analyses
were carried out by inductively couple plasma
mass spectrometry (ICP-MS, Perkin Elmer
Elan 6000 DRC II). International standards
and the NIST Pb-isotope standard SRM 981
were used to check the quality and trueness of
all the results. In addition 10 samples of each
material were analysed on a high-resolution
ICP-MS (ELEMENT 1, Finnigan MAT, Bre-
men, Germany) in the laboratory of the Geo-
logical Survey of Norway in Trondheim. For
moss no isotope results are reported here
because a systematic shift towards too low val-
ues was detected.

Results and Discussion
Table 1 summarizes the analytical

results. Figure 1 shows a boxplot comparison
of the three sample materials. Compared to
moss the O-horizon shows about 20 × higher
lead concentrations; for grass this factor is
about 200. In terms of the 206Pb/207Pb lead
isotope ratio humus and grass show an identi-
cal median value while variability is slightly
larger for the grass samples.

Spatial Distribution of Lead Isotopes in Grass 
and Forest Floor Humus across the Czech Republic
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Abstract
Lead concentrations were determined in 259 - 280 samples of forest floor humus

(O-horizon), moss (Pleurozium schreberi) and grass (Deschampsia flexuosa) collected at the
same locations evenly spread over the territory of the Czech Republic. Median lead concen-
trations differ widely in the three materials (humus: 78 mg/kg, moss: 4.95 mg/kg, grass:
0.367 mg/kg). In the lead distribution maps a number of well known Pb-contamination
sources are indicated by unusually high concentrations (e.g. lead smelter at Pribram, the
metallurgical industry in the north-east of the Czech Republic and along the Polish border
as well as the metallurgical industry in Upper Silesia and the coal power plant at Bogatynia).
Lead isotope ratios (206Pb/207Pb reported here) were determined for grass and humus. The
206Pb/207Pb isotope ratios show substantial variation (ca. 1.13 - 1.18) but the same medi-
an value in both materials (1.162). The known contamination sources are usually indicated
by higher 206Pb/207Pb isotope ratios in the maps. Humus and grass show distinctly differ-
ent spatial distribution patterns of the 206Pb/207Pb isotope ratios.

Key words: biomonitoring, lead, lead isotopes, regional map, grass, moss, humus
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Table 1. Analytical results for Pb and the
206Pb/207Pb isotope ratio in the different
sample materials (MED: median, MIN:
minimum, MAX: maximum.

Figure 1. Boxplot comparison of Pb concen-
trations (top) and 206Pb/207Pb isotope
ratios in the sample materials.

The distribution maps of Pb (Figure 2)
all show that the highest lead concentrations
occur along the border between Poland and
the Czech Republic as well as in the Erzge-
birge (Ore Mountains). The metallurgical
industry in Upper Silesia and the coal power
plant at Bogatynia as well as the metallurgi-
cal industry in the north-east of the Czech
Republic are clearly indicated as the most
important Pb contamination sources on
these maps. The lead smelter near Pribram
is visible on the humus map, hardly visible
on the moss map and invisible on the grass
map. The main urban agglomerations (e.g.
Praha, Brno) and the major highways are not

indicated in the maps; traffic-related Pb-con-
tamination occurs at a more local scale and
would need a much higher sample density to
attain visibility.

Figure 2. Regional distribution of Pb concen-
trations in the three sample materials. Class
boundaries used for mapping: 0, 5, 25, 75,
95, 100 percentiles.

The distribution maps for the
206Pb/207Pb isotope ratios (Figure 3) in
humus and grass show large differences. Dif-
ferences must be expected because humus
represents the accumulated lead input over a
period of at least 60 years while grass only rep-
resents some months of the growing season
plus possible uptake effects from the soil. On
the humus map the major industrial contam-
ination sources are all marked by deviations
towards high 206Pb/207Pb isotope ratios 
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(>1.165). A prominent north-south gradient
is also visible: low isotope ratios (<1.147)
occur along the south-western part of the
map near the border with Germany and Aus-
tria, in the general area of the Bohemian For-
est. Thus a little developed, rural area is
marked by the lowest Pb-isotope ratios (and
concentrations). The map also shows that
high and low 206Pb/207Pb isotope ratios can
occur in close proximity. 

Figure 3. Regional distribution of the
206Pb/207Pb isotope ratios in the three
sample materials. Class boundaries used for
mapping: 0, 5, 25, 75, 95, 100 percentiles.

The map for grass is characterised by
an even higher spatial variability and only in
the most north-eastern corner of the map is
there a clear positive Pb-isotope anomaly,
obviously related to the metallurgical indus-
tries and coal burning in the highly industri-
alised region of Ostrava and, on the Polish
side of the border, Katowice. Again, in gener-
al, the lowest 206Pb/207Pb isotope ratios are
observed in the areas with the lowest impact

of contamination. A prominent difference
relative to the humus map is the many low
isotope ratio values observed in grass in the
south-eastern part of the Czech Republic,
where it appears that geology may have a role
in causing the observed distribution. This is
a region where extreme wind erosion of the
local soils is observed. In general the results
show that the regional variation of lead iso-
topes in the mineral soils is also needed for a
reliable interpretation of the patterns in
these maps. These data will become avail-
able within 2 - 3 months.

Conclusion
Results from this project demonstrate

the importance of mapping the regional dis-
tribution of element concentrations and iso-
tope ratios at the regional scale in order to
understand the impact of contamination
and to pinpoint the most important contam-
ination sources. The distribution maps for
the 206Pb/207Pb isotope ratio demonstrate
that in addition to contamination there are
natural processes that influence the lead iso-
tope ratios in biogenic sample materials. 
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Introduction
Nearly one third of the Czech Republic

(CZ) is covered by planted coniferous forests.
Knowledge about increased accumulation or
deficiency of biological active chemical ele-
ments in individual forest compartments is
important in order to evaluate ecological and
health risks for local forest ecosystems and the
population. Regionally different geology, geo-
morphology and climate and regional vari-
ances in the present and past atmospheric dep-
osition loads of industrial pollutants may
specifically control the distribution of ele-
ments in forest compartments at individual
forest stands (e.g., Heinrichs and Mayer
1980).

Numerous publications describe con-
centrations of nutrients and a few toxic ele-
ments in selected forest plants, humus and
soils. However, there exist only few papers
dealing with the multielement distribution of

elements in a variety of forest compartments
(e.g., Tyler 2005, Reimann et al. 2007).

In order to better recognize element con-
centrations in selected natural materials in
coniferous forest stands and variably affected
by different environmental factors operating
across the CZ, a project dealing with the inves-
tigation of the biogeochemistry of coniferous
forests (project CZ0074) was proposed and
has recently been implemented.

Materials and Methods
Samples of forest floor humus (Oh-hori-

zon), moss (predominantly Pleurozium schre-
beri), grass (predominantly Deschampsia flex-
uosa) and annual and biennial needles of Nor-
way spruce (Picea abies) were collected at 250-
280 forest plots evenly spread in the CZ. Rules
for sampling and processing the moss speci-
mens published in the European moss survey
manual (Harmens 2005) were applied. Two 
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Abstract
Distributions of 35-40 elements were determined in moss (Pleurozium schreberi),

grass (Deschampsia flexuosa), annual and biennial needles of Norway spruce (Picea abies)
and in forest floor humus at about 250 sites in planted coniferous forests across the Czech
Republic. The highest concentrations of the majority of elements were determined in forest
floor humus. Three-year old moss segments and biennial spruce needles tend to accumulate
many elements in higher amounts than annual grass leaves and spruce needles. However,
the grass leaves have considerable amounts of K, Mg, Mn, Na and Rb accumulated while in
annual spruce needles Cd, Cs, Cu, K, Ni and Rb show unusually high concentrations when
compared to other plant materials. An increased accumulation of many elements in the
investigated materials was found in the most industrialized areas, areas affected by
increased airborne dust loads caused by the extraction of raw materials or by wind erosion of
arable soil and, on a more local scale, by contamination from a variety of different industri-
al enterprises. A natural increase in concentration of some elements, most markedly Cs and
Rb, in local rock types caused also increased accumulation of these elements in all the inves-
tigated forest compartments. Deficient concentrations of Mg in spruce needles were found
in mountainous areas, mainly in the northern and eastern parts of the country. Differences
in the accumulation of the investigated elements and in element concentration distribu-
tions in all the investigated materials are briefly discussed.

Key words: multielement concentrations, coniferous forests, moss, grass, spruce nee-
dles, humus
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and half-year-old apical moss segments were
used for analyses. The average sample density
was about 1 site per 230 km2. All samples
were air-dried. The humus samples were
sieved to pass a 2 mm nylon screen. The
spruce needles were not washed neither was
the wax layer removed by any organic solvent.
All samples were digested in triplicate. For
humus loss-on-ignition (LOI) was determined
as proxy for the content of minerogenic mate-
rial and pH-H2O as well as pH-CaCl2.
Humus samples were totally digested in
HNO3 + H2O2 + HF + H3BO3 and the
plant materials were digested in conc. HNO3
+ H2O2 in a microwave digestion system.
Concentrations of 37 elements (Ag, Al, As, Ba,
Be, Bi, Ca, Cd, Ce, Co, Cr, Cs, Cu, Fe, Ga, Ge,
K, La, Li, Mg, Mn, Mo, Na, Pb, Pr, Rb, S, Sb,
Se, Sn, Sr, Th, Tl, U, V, Y, Zn) were deter-
mined using inductively couple plasma mass
spectrometry (Perkin Elmer ICP-MS Elan
6000 and Elan 6000 DRC II and Perkin Elmer
OES-ICP Optima 5300 DV). Mercury concen-
trations were determined directly in pulver-
ized samples using a Hg elemental analyser
(AMA 254 Altec). Several international stan-
dard plant materials (NIST, BCR, IAEA) and
international inter-laboratory moss and
humus standards (M1, M2, H1, H2, H3) were
used to check the quality and trueness of the
analytical results.

Results and Discussion
The analytical results showed that, with

the exception of K, Rb, and Mn, the highest
concentrations of the investigated elements
were found in humus, less in moss and com-
parable concentrations were found in grass
and spruce needles. The origins of the avail-
able elements and the mechanisms of their
uptake and adsorption differ for the individual
elements and investigated materials.

Forest floor humus returned values of
Al, Ba, Ca, Fe, K, Mg. Mn, Na and S in the
order of 102-103 mg/kg, As, Ce, Co, Cr, Cs,
Cu, Ga, La, Li, Mo, Nd, Ni, Pb, Pr, Rb, Sb, Se,
Sn, Sr, Th, U, V, Y and Zn in the order of 100-
101 mg/kg and the remaining elements in con-
centrations of 10-1 mg/kg.

Humus passively adsorbs elements for
the time of the forest age (usually up to 120
years). The exchange capacity of humus is very
high, up to 350-370meq/100g (Staaf and
Olsen 1991). Organic matter of forest floor
humus passively accumulates elements origi-
nating from a variety of sources and processes:
atmospheric deposition, release from the
decomposition of organic materials (plant

uptake) and the weathering of mineral soil
material. Bio-turbation as well as anthro-
pogenic disturbances of forest ground will also
play a role in element cycling. The distribution
of the element contents in humus (e.g., Ag,
As, Bi, Cd, Mo, Pb, S, Se, Sn, Tl, V, Zn)
showed significantly higher accumulations in
current and former industrial districts in the
NW and NE parts of the CZ. Forest humus
has archived very high concentrations of heavy
metals near former ironworks (e.g., Plzen and
Ostrava districts), smelters (e.g., the secondary
lead smelter at Pribram) which were only
recently modernized or mines, e.g., uranium
and related elements around abandoned ura-
nium pits (e.g., in SW CZ), where the current
determination of atmospheric deposition
loads (bulk deposition, moss bio-indicators)
may not indicate important deposition loads
of these elements. The accumulated concen-
trations of Cd and Pb in humus in the vicinity
of a secondary lead smelter can reach very high
values indeed (Suchara and Sucharová (2004).
In addition to areas with a high atmospheric
dust load due to industry, increased concentra-
tions of some lithogenic elements (e.g., Al, Ba,
Cr, rare earth elements, Sr, U and Y) in forest
humus were also found in areas utilised for the
extraction of raw materials (open pit mines) or
near large agricultural fields.

Figure 1 depicts the distribution of total Pb
concentrations in forest floor humus in the CZ.
The patterns show the effects of the operation of
former and present domestic and foreign indus-
trial coal burning, metallurgical and engineering
industries and traffic densities in the past.

Figure 1. Distribution of total Pb concentra-
tions in humus in the CZ.

The mean active and exchange reactions
of humus were about 3.35 and 2.40 pH units,
respectively. However, the element content in
forest floor humus is influenced by the content
of organic material. The content of minerogenic
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material in the samples (LOI) of forest floor
humus varied between 4 and 45%, and is typ-
ically 20-22%. Comparison of the total con-
centrations of elements found in humus sam-
ples with the concentrations of elements in
the organic portion of humus samples ("ash-
free samples") collected in the CZ in 1995
(Suchara and Sucharová 2000) showed similar
or even higher contents of 13 elements in the
"ash-free samples" in 1995 than the total ele-
ment concentrations determined in humus in
this study, more than 10 years later.

Moss samples usually contained 2-25
times lower concentrations of elements than
humus. However, the concentrations of K, Rb,
Mn and Zn were close to the total values of
these elements in humus. The concentrations
of Ag, Ba, Cd, Cs, Cu, Hg, Mo, Ni, S, Se, Sr, Tl
and Zn reached 10-50 % of the concentrations
in humus. For Al, As, Be, Bi, Ce, Co, Cr, Fe,
Ga, La, Li, Nd, Pb, Pr, Sb, Sr, U, V and Y val-
ues observed in moss reached less than 10 % of
the element concentrations in humus.

Moss plants are believed to adsorb ele-
ments coming exclusively from current wet dep-
osition or from dry deposition dissolved in dew.
Cations are adsorbed to pectin and cell struc-
tures in above-ground moss body segments liv-
ing up to 3 years (Brown and Beckett 1985).

Patterns of the element distribution in
moss in the CZ typically showed increased
accumulation of, e.g., Ag, As, Al, Bi, Cd, Co,
Fe, Mo, Pb, Sb, Sn in hot spots situated in
industrial regions (NW and NE parts of the
CZ) and around big individual contamination
sources (e.g., the secondary lead smelter in Pri-
bram). The Czech national moss surveys
1995-2005 (Sucharova and Suchara1998,
2004, Sucharová et al. 2008) demonstrate sig-
nificant decreases in the accumulation of
heavy metals in moss in the industrial areas
(20-50%). For Pb the decrease is 70%, due to a
general decrease of industrial production and
phasing out the use of leaded petrol in the CZ
before 2000.

An increase in atmospheric dust loads
caused by the extraction of coal and mineral
raw materials as well as large areas of open
arable soils (S Moravia) cause an increased
accumulation of typical terrigenic elements
(e.g., Al, rare earth elements, U) in moss in
these regions.

At forest sites on Cs- and Rb-rich gran-
ites all analysed materials including moss
showed increased accumulation of these two
elements. Caesium and Rb are not present in
atmospheric deposition from industrial emis-

sions in any notable amounts. They cannot be
taken up from soil by rhizoids. Thus Cs and
Rb need to enter the moss plants via the con-
tact of moss plants with eroded local litter or
humus rich in Rb and Cs and probably some
other elements.

Figure 2 documents the distribution of
As concentrations in moss in the CZ. Areas of
increased As concentrations in moss (NW part
of the CZ) are highly affected by emissions
from local coal power plants burning brown
coal rich in arsenopyrite.

Figure 2. Distribution of As in moss in CZ.

The grass Deschampsia flexuosa active-
ly accumulates mainly K and its chemical ana-
logue Rb in leaves in average concentrations,
which are 3-5 times higher than total K and Rb
concentrations in the local humus. Similar
concentrations of Mn and Mg were found in
grass and humus. However, the grass samples
showed on average half the concentrations of
S, Ca and Zn in comparison to humus and
only 1-25% of the amounts of Cd, Cs, Cu, Mo,
Ni, Sr and Na found in humus. The remaining
elements were present in the grass leaves in
even lower concentrations (less than 1% of
humus concentrations).

In the CZ, the spruce needles contained
comparable or even higher concentrations of
K, Mn, Rb and Ca than humus. About 30-
70% of humus concentrations of Mg, S, Sr and
Zn were determined in the spruce needles.
The concentrations of Cd, Co, Cs, Cu, Ga, Hg,
Li, Mo, Ni, and Tl determined in needles cor-
responded to 1-30% of the element concentra-
tions in local humus and the remaining ele-
ments were accumulated in the needles even
in lower amounts (less than 1% of the element
content in humus).

The element concentrations in annual
and biennial needles are frequently significantly
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different. Concentrations of Cd, Cu, K, Ni and
potassiums chemical analogues Cs and Rb
showed significantly higher accumulation in
annual needles than in biennial needles. The
contents of Ag, Co, Mg, Mo. S and Zn in bien-
nial and annual spruce needles were compara-
ble. The remaining elements (usually toxic
and ballast elements without known biologi-
cal functions are more accumulated in the
biennial needles than in annual needles. The
concentrations of elements in spruce needles
can be assessed as an algebraic function of
time (Wyttenbach et al. 1995). A concentra-
tion of Mg less than 700 mg/kg is considered
as deficient (Ingestad 1979) causing physiolog-
ical disorders and yellowing of the needles.
Deficient Mg concentrations in spruce needles
were found in mountain areas mainly in the
northern and eastern parts of the CZ (Fig. 3).

Figure 3. Distribution of Mg concentrations in
annual spruce needles in CZ. 

Conclusion
Investigations of the biogeochemistry of

coniferous forests in the CZ document the
ability of bioindicators to reveal current and
long-term accumulated contamination of for-
est compartments by toxic metals and reveal
the effects of local anthropogenic activities and
geochemical anomalies on element distribu-
tion in humus and biota. The positions of
main hot spots of high accumulation of ele-
ments which are toxic and a threat to forest
ecosystems and health were determined in the
CZ. Some areas with deficient contents of
some macronutrients (e.g., Mg) in spruce nee-
dles were also identified. The results of the
study should be utilised to identify sites which
are highly contaminated with metals and need
remediation or deficient in biogenic elements
and in the planning of the long-term use of the
landscape in the CZ.
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Introduction
There are few analyzers which are

capable to determine mercury at background
level in ambient air and natural gas. Mercury
analyzers used for background monitoring
have to have a low detection limit of several
ng/m3 or better. Usual methods for improv-
ing the detection limit below 1 ng/m3 are
accumulation of mercury in absorption traps
with the following determination of collect-
ed mercury, and accumulation of digital data
of concentration in PC with the following
statistical treatment. Thus, to obtain the
detection limit below 1 ng/m3, duration of
single measurement increases up to about 5
minutes. Nevertheless, there are several
practical tasks where time resolution should
be better than 5 minutes, e.g. continuous
long-term mercury determination in ambi-
ent air, natural and industrial gases without
operator's maintenance. Besides long meas-
urement time, techniques with mercury
accumulation in absorption traps also have
disadvantages related to uncontrolled
processes of aging and poisoning of
absorbents by various constituents present
in analyzed gases. 

To eliminate these disadvantages,
techniques of mercury determination with-
out intermediate stage of its collection
should be used. One such technique is Zee-
man atomic absorption spectrometry with

high frequency modulation of light polariza-
tion. Differential method of AAS is imple-
mented using direct Zeeman effect (a source
of radiation is placed in the magnetic field).
Selectivity of measurements is obtained by
comparing intensities of two beams, which
propagate through the same path and have
different but very close wavelengths - differ-
ence is about the width of atomic absorption
line. Under such conditions most of mole-
cules absorb both beams in the same way.
Both beams are scattered by solid particles
and are reflected from different surfaces in
the same way, thus no differential signal
occurs. Due to that it is possible to use mul-
tipath analytical cells, effective length of
which can reach tens of meters thus increas-
ing the sensitivity of measurements hun-
dreds of times.

Materials and Methods
Authors developed three types of mon-

itors using Zeeman spectrometer for mercu-
ry determination in ambient air, natural and
stack (flue) gases.

To reduce the detection limit, new
sources of radiation were developed too.
Improved electrodeless discharge lamp with
definite isotopic mercury mixture and argon
as a buffer gas is placed inside the magnet
which is a part of the excitation generator.
The diameter of spherical part of lamp bulb 

Zeeman AA Monitors for Determination of Background Mercury
Concentration in Ambient Air and Gases without Absorption Traps

S. Sholupov1, S. Pogarev2, V. Ryzhov3, A. Skudra4, E. Bogans5

1Lumex Ltd, St.Petersburg, Russia, hg@lumex.ru 
2Lumex Ltd, St.Petersburg, Russia, hg@lumex.ru
3Lumex Ltd, St.Petersburg, Russia, hg@lumex.ru
4Institute of Atomic Physics and Spectroscopy, University of Latvia, Skunu street 4,
Riga, LV-1050, Latvia, askudra@latnet.lv
5Institute of Atomic Physics and Spectroscopy, University of Latvia, Skunu street 4,
Riga, LV-1050, Latvia, egils.bogans@gmail.com

Abstract
At present Mercury Monitors are widely used for background monitoring of ambient

air, natural gases and flue and stack gases. Almost all of the models employ mercury accu-
mulation in absorption traps with following release of accumulated mercury and determina-
tion of its quantity by atomic absorption or atomic fluorescence. Use of atomic absorption
spectrometry with Zeeman correction of background absorption allows the authors to work
without accumulation of mercury in absorption traps and create a family of real-time mon-
itors RA-915AM that can be used for monitoring of ambient air, natural and process gases,
and for process control applications.

Key words: mercury monitor, Zeeman spectrometer, ambient air, natural gas, process
control
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is 10 mm, the diameter of capillary - about
1 mm, and the length of it - about 30 mm.
The discharges are induced applying high-
frequency (HF) electromagnetic field of
about 100 MHz frequency and power of sev-
eral watts. Such source of radiation is charac-
terized by increased brightness and practical-
ly the same relation between widths of the
emission and absorption lines, and is com-
posed into compact package.

Unlike traditional monitors, all moni-
tors of RA915AM series do not require the
use of argon, chemicals, and standard solu-
tion of mercury, because zero correction is
automatically performed by passing ana-
lyzed gas through a special absorption filter,
and span correction is automatically per-
formed with the help of a built-in test cell
with saturated mercury vapors. Absence of
consumables' cylinders with argon, chemi-
cals, solutions and absorbents allows
increasing continuous working period of
RA915AM monitors up to 6 months with-
out operator's maintenance, what is essen-
tially longer than for traditional monitors.
Detection limit for base models of
RA915AM monitors are 0.5 ng/m3 (air),
100 ng/m3 (natural gas) and 1000 ng/m3
(stack gases) ng/m3. Dynamic range of
RA915AM is more than 3 orders of magni-
tude. Dynamic range of measured concen-
trations can be easily adjusted in accordance
with the requirements of particular applica-
tion, using analytical cell of the appropriate
length.

Results and Discussion
Work with air monitors showed that

automatic span correction reduced analyti-
cal errors caused by drift of sensitivity, and
their values didn't exceed 2% of measured
concentration. Errors caused by zero drift
can be neglected if period of automatic zero
check is selected in the proper way. To
receive good results in background air meas-
urements (usually background mercury con-
centration in air is lower than 5 ng/m3), the
air monitor should be installed in air-condi-
tioned room.

As an example, Fig.1 shows the results
of three-day mercury monitoring of laborato-
ry air (11-14.06.2010). During the first two
hours of measurements concentration of
mercury in air was about 2.5 ng/m3, while
after the switching off exhaust ventilation
and closing laboratory the mercury concen-
tration in air increased up to 17 ng/m3, and
daily variation of concentration changes
caused by change of temperature in the room
could be observed. After switching on the
ventilation (14.06.2010 at 7 am) mercury
concentration in air was quickly reduced
down to 2.5 ng/m3 again. Before switching
off the monitor, the analyzed air was passed
through the absorption filter and measured
signal dropped to zero with standard devia-
tion 0.12 ng/m3. This illustrates that Zee-
man spectrometer can be successfully used
for background monitoring of ambient air
without the stage of preliminary mercury
accumulation in absorption traps.

Determination of mercury in natural
gas, which contains benzene, has definite
specificity. The results of mercury determi-
nation in natural gas, which contains ben-
zene with concentration of about 800
mg/m3, are shown in Fig.2. When natural
gas is directly entering the analytical cell
(160 - 200 sec of the Fig.2), one can see a
large response caused both by mercury and
benzene. When natural gas is passed
through a special iodine-polymer filter (the
filter is absorbing mercury and is transparent
for benzene), background signal produced by
benzene is detected (210 - 240 sec of the
Fig.2). This level is fixed as a zero level for
mercury concentration. Then, bypassing
absorption filter, analyzed gas directly enters
the analytical cell (400 - 480 sec and 550 -
650 sec of the Fig.2). It can be seen that a sig-
nal produced by mercury vapors is added to
the background level. Obtained concentration
in the natural gas (40 ng/m3) is in good 

Figure. 1. Three-days mercury monitoring of
laboratory air (11 - 14.06.2010).
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agreement with the concentration obtained
using technique with absorbing solutions.
From the considered example it can be seen
that in spite of high selectivity of Zeeman
AAS the presence of high concentration of
benzene leads to some deterioration of the
detection limit of mercury in natural gas
(benzene concentration of 1 mg/m3 pro-
duces a false response being equivalent to 2
ng/m3 of mercury concentration).

Figure 2. Mercury determination in natural
gas. Consideration in the text.

Mercury monitors with Zeeman spec-
trometers are effectively used in industry. In
some facilities, e.g. waste incinerators, bro-
mides are added to the flue gas to remove ele-
mental mercury from it. However, bromides
should not be added continuously but only
when mercury concentration exceeds the
accepted level. Response time should be bet-
ter than 1 minute to decide if it is necessary
to add bromides. Therefore, Zeeman moni-
tors of elemental mercury with fast response
can be used in the technological cycle to con-
trol the process of adding bromides to flue gas.

In the Fig.3 data of elemental mercury
determination in the incinerator plant is
shown. Right after the installation monitor

reported significant mercury concentration
in the flue gas. After some working time
measured mercury concentration decreased
to the minimum value. Reason of reduction
of mercury concentration was solid particle
deposition in a dust filter of the sampling
system. After changing the dust filter signif-
icant mercury concentration was reported
again. 

Figure 3. Determination of elemental mer-
cury in the flue gas. Monitor RA915AMFG
(18.02.10).

Conclusion
Analyzers based on Zeeman AAS

proved to be good real-time monitors of mer-
cury concentration. They are used in long-
term mercury determination in ambient air
and natural gas. Application of Zeeman
monitors in industries was successful if
appropriate sampling systems were used. 
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Introduction
In the new Directive 2008/50/EC, that

substantially confirms the planning and
management approach to air quality, PM10
limit values have been retained, however,
few things have changed which relate to
their application (Brunekreef and Maynard,
2008). The update gives indeed the possibil-
ity of skipping exceedances due to natural
sources regardless of the amount of their
contribution; therefore assessment of natu-
ral contributions to the PM10 concentra-
tion, even for small additions causing the
daily limit value exceedance, has become a
primary task for both scientists and policy
makers. Multivariate receptor models have
been developed and improved in order to
identify and quantify the contribution of
both natural and anthropogenic PM sources
(Marcazzan et al., 2003). These methods
have, in fact, the great advantage that there
is no need for a priori knowledge of emission
inventories and are based on the measured
ambient concentrations of different PM frac-
tions and components (Chio et al., 2004).
Among natural sources, the sporadic but
intense outbreaks from Saharan dry regions
have a strong impact on the Mediterranean
region (Sprovieri and Pirrone, 2008). Many

authors studied the influence of Saharan
dust in different part of Italy (Rogora et al.,
2004) and in cities such as Rome (Gobbi et
al., 2007) and Naples (Pisani et al., 2005).
Their analysis pointed out, besides, that the
Saharan dust intrusions into the Mediter-
ranean area occurs more often in summer
and with an increasing influence as the lati-
tude decreases (Meloni et al., 2007; Matas-
soni et al., 2009). As reported in the Italian
Government Decree no. 351 (Italian
Government, 1999), the air pollution pre-
vention, improvement and preservation
have been assigned to the 20 Italian admin-
istrative regions implying the elaboration of
different Regional Air Quality Management
Plans (D'Elia et al., 2009). Therefore, to effi-
ciently implement the entire process of
regional air quality planning and manage-
ment, an appropriate emission sources
assessment that fill the gap on the natural
sources burden at regional and local scale is
needed as well. Pertaining to this context,
our work have been carried out during sum-
mer 2007 to assess the Saharan dust burden
affecting PM10 levels in Calabria region,
Southern Italy. Three sampling campaigns
have been performed simultaneously at
an urban, suburban and rural background

Chemical Characterisation and Source Apportionment of Airborne
Particulate Matter in Southern Italy during Summer 2007 

M. Bencardino, F. Sprovieri, F. Cofone, N. Pirrone

CNR-Institute of Atmospheric Pollution Research, c/o: UNICAL-Polifunzionale,
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Abstract
During summer 2007 ground-based airborne particulate matter measurements were

simultaneously performed at three sampling stations located in Calabria region, Southern
Italy, in order to identify the major emission sources and their chemical tracers having a sig-
nificant influence on the levels and composition of atmospheric aerosols. PM10 samples
were collected from 18th of July to 30th of August at a Marine, Urban and High Altitude
monitoring stations using a dual channel particulate matter sampler and analysed by ICP-
MS to assess the concentrations of selected trace elements (Al, As, Ca, Cd, Co, Cr, Cu, Fe,
K, Mg, Mn, Na, Ni, Pb, Sb and V). A backward trajectory analysis complemented with chem-
ical source apportionment was performed, allowing to identify the aerosol loading as the
result of both local and long-range transported pollution. At each sampling station, the
impact on PM10 levels of air masses coming from industrial and densely populated conti-
nental Europe was negligible whereas natural sources such mineral dust showed to be the
chief factors in exceeding  the PM10 daily target. During summer 2007 the south of Italy
and in particular the Calabria region was indeed affected by intense Saharan dust intrusion.
Typical fair weather of Mediterranean summer and persisting anticyclone system at synop-
tic scale were favourable conditions to the arrival of heavily dust loaded air masses for three
period of consecutive days.

Keywords: Particulate matter, chemical composition, source apportionment, Saharan dust
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monitoring sites between July and August
2007. PM10 mass concentrations and ele-
mental chemical composition were
analysed. In order to identify the potential
natural and anthropogenic sources impact-
ing each monitoring site, a multivariate sta-
tistical technique such as PCA was applied.
The statistical analysis were coupled with
computation of back trajectories, comple-
mented with satellite derived products of
global dust distributions that were useful to
understand the dust source regions and
transport pathways.

Materials and Methods
PM10 sampling was performed simul-

taneously at three monitoring sites located
in selected areas of Calabria region charac-
terized by different prevailing meteorological
conditions (Fig.1). According to Decision
2001/752/EC and the "Criteria for
EUROAIRNET" document, the air quality
monitoring stations involved in this work
were classified as Urban, Suburban and
Rural Background Stations with regard to
the site of Rende (N39°20'0" E16°11'0"), San
Lucido (N39°19'22" E16°02'44") and Lon-
gobucco (N39°23'39" E16°36'49"), respec-
tively. PM10 samples were collected on pre-
weighed and preconditioned 47-mm Teflon
filters, over a 24h sampling period from 18th
of July to 30th of August 2007 using an EN
12341 reference high volume sampler with a
flow rate of 38 L min-1. 

37, 38 and 40 PM10 samples were
obtained at the Urban, Suburban and Rural
Background Stations, respectively. During
the sampling, conventional meteorological
parameters were routinely recorded. After
the sampling, PM10 filters were hot digested
with 5 mL of a 10% HNO3 solution and ana-
lyzed for their elemental content using an
Inductively Coupled Plasma Mass Spec-
trometer (ICP-MS, Agilent Technologies,
model 7500 CE). Concentrations of Al, As,
Cd, Cr, Co, Cu, Pb, Sb, Ni, V were deter-
mined in all samples. The Suburban Back-
ground station, due to its coastal location,
was very likely to influenced by natural
marine aerosols and therefore Na was also
determined in these samples. A parallel
analysis of blanks was carried out to quanti-
fy possible contamination. As a first indica-
tion of the relative contribution of crustal
and non-crustal sources, the enrichment fac-
tor method was applied. The Enrichment
Factors (EFs) have been calculated for each

detected element, considering Al as the ref-
erence element and using the crustal compo-
sition given by Greenwood and Earnshaw. In
order to investigate the relationships among
heavy metals in both fine and coarse  frac-
tions, the Principal Component Analysis
(PCA) was performed utilizing the orthogo-
nal transformation method with Varimax
rotation and retention of principal compo-
nents. This technique is used to explain the
statistical variance of a given data set in
terms of a minimum number of significant
components. Factor loadings indicate the
correlation of each pollutant species with
each component and are related to the
source emission composition. PCA was
applied to each dataset obtained from the
three monitoring sites to identify and esti-
mate the strength of possible sources of
PM10. The accuracy of the PCA technique
was tested plotting the model-predicted daily
PM10 concentrations with the experimental
values. In order to understand the occur-
rence of Saharan dust outbreaks and the
dynamic evolution of particulate concentra-
tions measured at the sampling sites, air
mass 72h-backward trajectories were per-
formed at different altitude (500, 1500 and
2500 m a.s.l.) to examine the whole Plane-
tary Boundary Layer Depth using the
HYSPLIT Model (Hybrid Single-Particle
Lagrangian Integrated Trajectory).

Figure 1. Map of the sampling area showing
the monitoring site locations: Suburban
Background (SB), Urban Background (UB)
and Rural Background (RB) sites.
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Results and Discussion
Daily mean PM10 levels recorded at

the three sites were 35.38 µg m-3, 38.43 µg
m-3 and 24.64 µg m-3, respectively. Pertain-
ing daily PM10 concentration and its rela-
tionship with the EU daily limit value, it was
observed that 23% of the PM10 data collect-
ed at the urban site, 16% at the suburban site
and 5% at the rural site exceeded the daily
limit value. The concentration range of each
detected element was very wide resulting in
high standard deviations from the mean
concentration. Such high standard devia-
tions are not unusual for the data obtained in
the Mediterranean atmosphere suggesting
that the ambient air concentrations varied
depending on non-local sources as probably
Saharian dust whose sporadic but intense
occurrences strongly impacted on the
Mediterranean aerosol (Sprovieri et al.,
2008). The African dust occurrences was
firstly evaluated by comparing Al and Mn
time series with PM10 levels. During these
events the concentrations of crustally
derived metals such as Al and Mn may , in
fact, reach levels in excess respect to the
background concentrations by up to one or
two orders of magnitude (Kubilay and Say-
dam, 1995; Güllü et al., 1998; Kubilay et al.,
2000; Herut et al., 2001; Herut, 2001). The
PM10 vs Al and PM10 vs Mn plots high-
lighted a good linear regression coefficient
suggesting the effective Saharan dust out-
break at each ground level monitoring site.
Back trajectories-based analysis suggested
that the highest mineral dust concentrations
were simultaneously reached at each site
during African dust outbreaks with PM10
levels higher than those observed during the
sampling period in which dust storm did not
occurs. Fig. 1 shows the average EFs obtained
for trace element concentrations at Urban,
Suburban and Rural Background station. EF
values of Mn, Na and Co were less than 10,
suggesting the dominance of natural origin,
whereas significant enrichment was identi-
fied for Cd, Cu, and Sb concentrations sug-
gesting strong anthropogenic contribution.
As, Cr, Ni and V otherwise appear to be
enriched even if to a lesser extent being prob-
ably associated to a resuspension of previ-
ously settled particles of anthropogenic ori-
gin. Using PCA technique, five Principal
Components were found for the Suburban
site and four factors for both Urban and
Rural sites. The crustal factor, with Al and
Mn as the main tracers, was common for all

sites. This source represents inputs of min-
eral particulate matter of local origin
(local/regional dust re-suspension) but also
of Saharan dust origin due to the occurrence
of African dust outbreaks in the investigated
area. Two additional sources, traffic and agri-
cultural practice, were common to both
Urban and Suburban sites. The source pro-
files labelled as oil burning and marine were
only found at the suburban site (marine sta-
tion). Glassware production was only found
as a contribution source of the urban PM10
levels, whereas rust proofing, textile manu-
facturing and farming were identified as
sources for the rural site.

Conclusion
This study provided a detailed analysis

of the PM10 elemental composition affect-
ing an urban, suburban, and a rural area in
Calabria evaluating the atmospheric trans-
port patterns and the potential source
regions affecting PM10 levels. The PCA
application showed that few number of prin-
cipal components is enough to explain over
than 75% of the total variance for each
dataset. The analysis indicated the existence
of complex processes of emission and trans-
port of trace elements from local, natural
and anthropogenic sources, but also from
remote sources. The PM10 levels at the
three monitoring sites were affected, in dif-
ferent ways, by transport, agricultural,
marine and manufacturing activities source

Figure 2. Enrichment Factors of trace ele-
ments detected at the Urban, Suburban and
Rural Background stations.

emissions, but the common source impact-
ing largely at each site was the Saharan dust.
The PM10 concentrations in each monitor-
ing site were not very high, though, some



272 15th ICHMET

HEAVY METALS IN THE ATMOSPHERE

exceedances, related just to Saharan dust
outbreaks have been detected. These events
were identified combining the information
from the PCA procedure with that from
other independent tools. Satellite data and
results of HYSPLIT Model were, in addition,
used. The identified Saharan dust outbreaks
showed at each sites a relevant contribution
with a sharp raising in PM10, Al and Mn lev-
els. This finding highlighted the importance
of the PM10 source apportionment jointly
with others integrated analytical approaches
that can be used in long-term health-impact
based studies and can support policy making
for achieving an effective air quality manage-
ment. The extent to which exposure to 'nat-
ural' PM itself is harmful to health is, in fact,
still a matter of debate (Brunekreef and May-
nard, 2005). In the absence of a single, recog-
nised standard procedure, more studies
should be conducted to assess the correct
Saharan dust impact on PM10 concentra-
tions in the Mediterranean area with a spe-
cial regard to the southern regions.
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Introduction
Similarly to vegetables, fruits composi-

tion varies significantly. Overall, fruits sup-
ply carotenoids, including those that form
vitamin A, as well as vitamin C, folate,
potassium, fiber and many other phytonutri-
ents. They are lower in calories than many
foods, therefore, they may help to lower calo-
ries intake. Among  the potential benefits of
eating fruits are those as follows: reduced
risk for heart disease, type 2 diabetes, some
forms of cancer and other chronic diseases
(Kunachowicz et al. 2004).

Metals, including such as Zn, Cu, Mn,
Fe are essential for the proper functioning of
the human body (Nabrzyski, 2007). They are
essential constituents of enzymes, but also
regulate variety of physiologic processes (eg.
oxygen transport) and are required for
growth. On the other hand, they can also
pose a threat to our health as their excess
results in pathological states (Hayes, 1997;
Rojas et al., 1999; Nabrzyski, 2007). There-
fore, it is crucial to monitor these metals lev-
els in food products with respect to environ-
mental pollution or contamination during
technological processing.

Materials and Methods
The analysed fruits' samples were

obtained from the local market in Gdańsk
(Poland). In total, 24 products (72 subsam-

ples) were analysed. Prior to analysis, the
samples were homogenized and about 10.0
(±0.0001) g products portions were weighed
and transferred to quartz crucibles. Samples
were ashed in an electric furnace at 540  C
with gradual increase in temperature. Next,
1.5 ml of 36,5 % HCl (Tracepur® Merck)
and a drop of 65% HNO3 (Suprapur®
Merck) were added to crucible with digested
sample. Subsequently, the crucible was
placed on a water bath until the evaporation
of acids. Then, 1.5 ml of 36,5% HCl (Tra-
cepur® Merck)  was added to the residue and
crucible covered with a watch glass was heat-
ed 1 min on the water bath. After digestion
every sample was replenished to 25 ml with
deionized water.

Three replicate subsamples of each
sample were processed. The levels of four
heavy metals (Zn, Cu, Mn, Fe) were deter-
mined by flame atomic absorption spec-
troscopy (FAAS) in Philips PU9100X spec-
trometer. 

The accuracy and precision of the ana-
lytical measurements were checked by
analysis of the certified reference materials
Tea (NCS DC 73351) and Cabbage (IAEA-
359). The obtained results were in good
agreement with the certified values, i.e. the
recoveries and the relative standard devia-
tions (RSD) were >88.1 and <8.0%, respec-
tively. 

Fresh Fruits' Quality in View of their Heavy Metal Composition
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Abstract
The aim of the study was to assess quality of different fresh fruits in view of their heavy

metal composition. Moreover, the human exposure to heavy metals was assessed. The ele-
ments (Zn, Cu, Mn, Fe) concentrations in different kinds of fruits obtained at retail were
analysed by flame atomic absorption spectrometry (F-AAS) using deuterium-background
correction. Reliability of the procedure was checked by the analysis of the certified reference
materials, i.e. Tea (NCS DC 73351) and Cabbage (IAEA-359). The findings concerning
metal content in the analysed products differed significantly. The determined levels of Fe,
Zn, Cu and Mn were in the range of 0,10 - 1,56, 0.02 - 0.52, 0.002 - 0.34  and 0.01 - 3.03
mg/100 g, respectively.

Key words: Heavy metals; fruits; AAS; RDA
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Correlation analysis of the data
obtained was performed using STATISTICA
7.1. for Windows (Copyright© StatSoft, Inc.
1984-2005).

Results and Discussion
The analysed products were charac-

terised by a variable content of Zn, Cu, Fe
and Mn. The average concentration of the
analysed elements were as follows: 0.16;
0.07; 0.61 and 0.36 mg/100 g, respectively.
The greatest Fe, Zn, Cu and Mn concentra-
tions were found in grapefruits (1.56 mg/100
g),  raspberries (0.52 mg/100 g), green grapes
(0.34 mg/100 g) and blueberries (3.03
mg/100 g), respectively. High levels of Zn
were also determined in blackcurrant (0.43
mg/100 g) and litchi (0.42 mg/100 g), where-
as of Fe in blackcurrants (1.46 mg/100 g) and
raspberries (1.35 mg/100 g). Fruits with the
lowest metals' concentration are cherries
(0.01 mg Mn/100 g), melons (0.002 mg
Cu/100 g), avocado (0.10 mg Fe/100 g) and
apples (0.02 mg Zn/100 g).

Similar results to obtained in this work
were reported by  Souci et al. (2002) and
Kunachowicz et al. (2005).

Based on essential elements' concen-
tration in the studied food products, the per-
centage of realization of the recommended
daily intake of each metal was estimated for
an adult person. The daily mineral intake (in
%) through consumption of 100 g of the
analysed products was calculated as DMI =
C×100/RDA; where C - element concentra-
tion (in mg) in 100 g of a particular product;
RDA (Recommended Daily Intake) - accord-
ing to the National Polish Food and Nutri-
tion Institute (Panczenko-Kresowska, Ziem-
lański, 2001) or American data (Dietary Ref-
erence Intakes 2004). 

Based on RDA, consumption of 100 g
of the analysed fruits supplies to human
body, on average, with 1.11 - 1.55% for Zn,
2.70 - 3.38% for Cu, 12.1 - 18.1% for Mn
and 3.38 - 4.06% for Fe. 

Correlations analysis has shown signif-
icant positive relationships (p<0.001)
between concentrations of Mn-Zn and Mn-
Cu.

Conclusions
The great variations in the results

obtained were noticed. In general, fruits with
high heavy metals concentration were grape-

fruits, raspberries, blackcurrants and blue-
berries. The lowest levels of the analysed ele-
ments were found in apples, melons, cher-
ries and avocados.

Based on RDA estimated for trace ele-
ments, it was concluded that fresh fruits
samples supply organism with small
amounts of metals but simultaneously it
must be remembered that this type of prod-
uct is usually used only as a dessert or ingre-
dient in food preparation. 

It was found that there is no health
hazard associated with exposure to heavy
metals via fresh fruits consumption.

Significant correlation coefficients
(p<0.01 and p<0.05) were found between
concentrations of some metals in fruits.

References
Dietary Reference Intakes. National

Academy of Sciences, 2004.
http://fnic.nal.usda.gov/nal_display/index.p
hpinfo_center=4&tax_level=3&tax_sub-
ject=256&topic_id=1342&level3_id=5140
.

Hayes RB. The carcinogenicity of metals
in humans. Canc Caus Contr 1997; 8: 371-
385.

Kunachowicz H., Nadolna I., Przygoda
B., Iwanow K. (2005). Tabele składu i wartości
odżywczej żywności. Wydawnictwo Lekarskie
PZWL, Warszawa 2005

Kunachowicz H., Nadolna I., Wojtasik
A., Przygoda B. (2004). Żywność wzbogacana
a zdrowie. Instytut Żywności i Żywienia,
Warszawa.

Nabrzyski M. Functional role of some
minerals in foods. In: Szefer P, Nriagu JO,
editors. Mineral Components in Foods,
CRC Press, Taylor Francis Group, London
New York, 2007; pp. 363-388.

Panczenko-Kresowska B, Ziemlański
Ś. Składniki mineralne - ich znaczenie w
żywieniu człowieka. In: Ziemlański Ś, edi-
tor. Normy żywienia człowieka - fizjolog-
iczne podstawy. Wydawnictwo Lekarskie
PZWL, Warszawa, 2001.

Rojas E, Herrera LA, Poirier LA,
Ostrosky-Wegman P. Are metals dietary car-
cinogens? Mutation Res 1999; 443: 157-
181. 

Souci S.W., Fachmann W., Kraut H.  Food
composition and nutrition tables. Scientific
Publishers, Stuttgart 2002.



322 15th ICHMET

ACCUMULATION IN FOODS AND CROPS

Trends of Metal Bioaccumulation from 1990 to 2005 in Germany
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Abstract

Since 1990 the UN ECE Heavy Metals in Mosses Surveys provide data on atmos-
pheric heavy metal bioaccumulation across Europe. This article focuses on the assess-
ment of spatiotemporal patterns of the metal bioaccumulation in Germany since 1990.
Additionally, the spatial variance of the metal bioaccumulation is analysed with regard
to sampling site specific and regional land characteristics as well as modelled deposition
data provided by the European Monitoring and Evaluation Programme (EMEP).

The bioaccumulation of up to 40 trace elements in mosses was determined accord-
ing to the European wide harmonised methodology. In Germany all sampling sites were
described with regard to topographical and ecological criteria as well as other aspects
seen as relevant in the mandatory guideline. The spatial structure of the metal bioaccu-
mulation was analysed and modelled by variogram analyses and then mapped by apply-
ing different kriging techniques. The statistical association of the metal bioaccumula-
tion with site specific characteristics as well as information on land use and modelled
depositions was analysed by bivariate correlation analysis and decision tree models.

The results of the quality controlled chemical analyses show a significant decrease
of the metal bioaccumulation in Germany from 1990 to 2000. From 2000 to 2005 a fur-
ther decrease can be stated for Hg, Pb and Ti. However, a significant increase for Cd, Cr,
Cu, Sb and Zn can be observed. This especially holds true for Cr (+ 160 %) that almost
reaches as high concentrations in mosses as in 1990. Hot spots are mostly found in the
urbanised and industrially influenced Ruhr Area, the densely populated Rhein-Main
region and in the industrially influenced regions of former East Germany (e.g. Halle-
Leipzig region). The spatial variance of the metal bioaccumulation can mainly be
explained by site specific (moss species, canopy drip effects) and site surrounding (land
use, depositions, emissions) characteristics.
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Introduction
Jasmine rice is a staple crop for Thai pop-

ulation and is originally from Thailand which
is a long-grain variety of rice that has a nutty
aroma and a subtle and pandan-like flavor.
The quality can vary considerably depending
on where it is grown. The northeastern and
northern regions of the country are the ideal
combination of soil and climatic conditions to
produce the best jasmine rice. As a result, jas-
mine rice has been known as major Thai rice
which exports in the world rice market. How-
ever, there was incident that Thai jasmine rice
produced from the area of Mae Sot District,
Tak Province, was found to contain markedly
elevated Cd levels [Limpatanachote, P. et al.
2009]. Moreover, Cd may pose risk to human
and animal health in the contaminated area
[Liu, J. et al. 2007]. Other metals such as Cr,
Cd and Cu are also considered as adverse effect
to human and environment as well. The
objective of this study is to evaluate and to
assess the concentration of heavy metals (Cd,
Co, Cr, Cu, Fe, Mn, Ni, Pb and Zn) which
uptake and distribution into Thai jasmine
rice-Khao Dawk Mali 105 cultivars.

Materials and Methods
Soil samples were taken and determined

the concentrations of Cd, Co, Cr, Cu, Fe, Mn,
Ni, Pb and Zn by using Inductively Coupled
Plasma-Optical Emission Spectroscopy (ICP-
OES, Optima 7300 DV, PerkinElmer) and
then seeding and heading the rice plants in
June, 2009. Whole rice plants were taken in
November; 2009.Rice plants were divided
into roots, stems and grains. Heavy metal
concentration in plant parts was determined
with ICP-OES following HNO3-HClO4
digestion procedures followed by AOAC offi-
cial method of analysis [Horwitz, W.and
Latimer,G.W. 2005]. Quality control of
analysis was conducted by using the ICP-
multi-element standard solution IV Cer-
tiPUR® (Merck, Lot.-No.HC760060) as a
spike sample and a glutinous rice reference
material which produced and certified values
by the National Institute of Metrology, Thai-
land [Yafa, C. et al. 2009]. Percent of recovery
of both spike samples and RM sample then
was determined.

Accumulation and Distribution of Heavy Metals into Thai Jasmine
Rice in Mae Sod Paddy Field, Thailand 
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Abstract
Thai jasmine rice-Khao Dawk Mali 105 cultivar in nine heavy metals uptake and accu-

mulation were investigated with soil from Mea Sod paddy field. The area had been contam-
inated with heavy metals including Cd. The soil samples and were taken and determined
the concentrations of Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb and Zn by Inductively Coupled Plas-
ma-Optical Emission Spectroscopy (ICP-OES) and then seeding and heading the rice plants
in June, 2009. Whole rice plants were taken in November, 2009.The plants were divided
into roots, stems and grains. Heavy metal concentration in plant parts was determined with
ICP-OES following HNO3-HClO4 digestion procedures. Results revealed that Pb, Cd and
Fe accumulated in roots about 82, 72 and 73 percent, respectively. In contrast, Cr, Ni and
Zn were accumulated in the aboveground parts (stems and grains) about 91, 91 and 60 per-
cent, respectively. Moreover, the ratio of polished rice and whole grains were analyzed, as
the results, Cd and Zn were among the highest ratio as 65 and 49 percent, respectively. Cr,
Ni and Co accumulation in the whole grains is about 86, 84 and 35 percent, respectively.
However, these three metals less accumulated in polished rice as 5.5, 4.6 and 4.7 percent for
Cr, Ni and Co, respectively. Alternative plants and vegetables were also investigated in
terms of uptake and accumulate metals of interest.

Key words: Heavy metals, accumulation, phytoextraction, jasmine rice
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Table 1. Glutinous rice reference material analysis.

Table 2. Distribution of Heavy Metals in Thai jasmine rice (Plant Parts, %).

Results and Discussion
Results demonstrated in Tables 1-3.

Highest concentrations of metal in soil were
Mn, Zn and Cr about 312.89, 69.38, and
34.29 mg/kg, respectively. For major concern
metal, Cd, the accumulation and distribu-
tion into jasmine rice root is about 2.76
mg/kg which is the highest concentration
that accumulated in the plant parts regarding
stem, husk and polished rice. Therefore, Cd
concentration in rice, 0.14 mg/kg, is not
exceed the maximum level in polished rice,
0.4 mg/kg, which recommended by Codex
Alimentarius Commission (CAC) of
FAO/WHO [Kikuchi, T. et al. 2008]. For
other metals, results, in Tables 2 and 3,
revealed that Pb, and Fe were preferentially
accumulated in roots about 82 and 73 per-
cent, respectively. In contrast, Cr, Ni and Zn
accumulated in the aboveground parts (stems
and grains) about 91, 91 and 60 percent,
respectively. Moreover, the ratio of polished
rice and whole grains were analyzed, as the
results, Cd and Zn were among the highest
ratio as 65 and 49 percent, respectively. Cr,

Ni and Co accumulations in the whole grains
were about 86, 84 and 35 percent, respective-
ly. However, these three metals were less
accumulated in polished rice as 5.5, 4.6 and
4.7 percent for Cr, Ni and Co, respectively.
QC and RM samples were measured in terms
of percent of recovery Results, which shown
in Table 1 and Table 3, indicated that the per-
cent of recovery of spike of 40 ppm of stan-
dard sample in soil and rice felt into 80-110
percent Moreover, the percent of recovery of
glutinous rice RM felt into 93 to 107 percent
and the analyzed values were within the
range of assigned or certified values. Also,
percent of recovery of both QC samples is in
agreement with Horwitz's recommendation
(Horwitz W. 2003).

Conclusion
The accumulation and distribution of

nine heavy metals into jasmine rice or plant
parts was revealed. Pb, Cd and Fe were prefer-
entially accumulated in roots where Cr, Ni
and Zn accumulated in aboveground parts. Zn
accumulation in polished rice is higher than
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Table 3. Heavy metal contamination in soil and rice samples.

the other eight metals. Results from this study
lead to further investigation regarding alterna-
tive plants that plausible to uptake and accu-
mulate metals in this area concerning sustain-
able environmental management. 
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of the Punjab Province of Pakistan
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Abstract

Punjab being the province of five rivers is considered to be a fertile land. This work
is related to the determination of heavy metals (mg/g of dry mass of the crops) in the major
crops (wheat, rice, corn, spinach and ladyfinger) of the three (Faisalabad, Shaikhupura and
Shakargarh) fertile but industrialized regions of the province. Because of the lack of a prop-
er waste management there has always been a risk of impurification of the irrigation water
with hazardous substances. The aim of this work was to check the effect of the industrial
effluents on the major crops of the area and the resulting contamination. During the
analyses, Hg, Pb and Ni were found to be below the detection limit for all the samples,
whereas Cr, Cd, Cu, Mn and Zn were found in considerable amounts. It was observed that
spinach was the most vulnerable to heavy metals contamination among the analyzed
crops. Results showed that crops from Sheikhupura region contained more heavy ele-
ments, like Cr (up to a maximum of 0.410 mg/g of spinach), Cd (up to 0.024 mg/g of
spinach), Cu (up to 0.074 mg/g of spinach), Mn (up to 0.153 mg/g of spinach) and Zn (up
to 0.134 mg/g of ladyfinger) than Faisalabad and Shakargarh. Except few exceptions, most
of the samples from the three sampling zones contained the toxic elements in a quantity
more than the permissible limits of WHO/EU [1, 2], threatening the health of consumers.

[1] Abdullahi, M.S. Uzairu, A. and Okunola, O.J. Quantitative determination of
heavy metal concentrations in onion leaves. Int. J. Environ. Res. Vol 3(2). 271-271
(2009).

[2] WHO/EU (1993). WHO and EU Drinking water Quality Guidelines for heavy
metals and threshold values leading to crop damage.
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Introduction
In metal extraction processes, large

amounts of various solid wastes including
flotation tailings, slags, slimes and flue dusts,
etc. are generated. These wastes become acti-
vated due to the process applied such as
grinding, leaching, roasting, smelting,
quenching, etc. (Wang and Mulligan, 2009
and Levy, 1990). Exposure of these wastes to
atmospheric oxygen and moisture results in
solubilization of toxic metals which may seri-
ously affect the water quality and biological
life in surface waters. The potential release of
toxic heavy metals from such by-products
and waste materials to the surface and
ground water are of particular concern (Giller
et al.,1998). In zinc plant located in Zanjan,
Iran, it is practiced a leach-electrolysis
process for zinc production. In this process, a
lot of filter cakes as by-product are generated
daily (Moradi, 2003). These wastes are
retained for valuable elements recovery in the
future and dumped in open stockpiles where
they may cause heavy metal pollution prob-
lems (Hakemi, 2005). In this plant three
types of wastes were produced including;
leaching filter cake, Cobalt purification filter
cake and Ni-Cd purification filter cake. All
the filter cakes have a high percent of heavy
metal.

In this study, the metal releasing poten-
tial of zinc production byproducts was inves-

tigated. The aim of this study is to discuss the
leaching behavior of heavy metal in zinc
plant residue (Co purification filter cake)
with special attention to the effects of input
pH, acid flow rate and leaching time on leach-
ability of nickel, cobalt and cadmium.

Materials and Methods
Cobalt filter cake for the leaching study

was obtained from National Lead and Zinc
Co., Zanjan, Iran. After drying, the filter
cake was ground and sieved to +23 mesh.
The chemical analysis was carried out by
AAS (Perkin-Elmer AA300atomic). The
analytical results are given in Table 1. Labo-
ratory grade sulfuric acid was used to adjust
the solution pH as required.

Table 1. Chemical composition of sample
used in the experiment (Wt.%)

For experimental design and determin-
ing the important factors which affect the
leachability of residual the conventional
methods was used. In this study columns
with 6 cm diameter and 50 cm lenght from 
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Abstract
The transport of heavy metals from mining disposal site to groundwater and surface

water is one of the most environmental problems. In this paper, results of the study on
heavy metals solubility behavior of Co filter cakes from purification of Co in Iranian Zinc
Mine Development Company (IZMDC) plants are given. The effect of acid flow rate,
input pH and time on the releasing of heavy metals (Ni, Co and Cd) into water was exam-
ined using column leaching tests. To statistically analyze the experimental results
SPSS14 software was employed. The results of SPSS 14 indicated that for the Ni, Co and
Cd dissolution, time and input pH were found respectively, the effective parameters for
the pollution in zinc leach residues.

Keywords: Heavy Metals, Zinc Leaching Plant, Co filter cake, Column leaching
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Plaxcy glass were employed. A 2-4 cm layer of
washed and dried sand with a Whatman paper
were putted at the end of each column to preg-
nant solution filtrations. Above it was filled of
1270 gr Co filter cake in each particle size range.
To uniform distribution of leaching solution a
layer of fiber-glass between two Whatman
papers were used in the top of each column.
Acid spraying time was 24 hours a day. During
this time output solution was collected in a con-
tainer to prepare reagent samples to measure-
ments Ni, Co and Cd concentration.

For each parameter except time, three lev-
els were chosen as shown in Table 2.

Table 2. Special parameters in leaching
treatment

All of tests were done with of time 30
days and sampling of the output solution
was performed on 1,3,7,13,20 and 30 days.

Results and Discussion
Effect of acid flow rate
Figs.1-3 shows the effect of flow rate on

the dissolution of Ni, Co and Cd. For simu-
lating process that happen in nature, three
flow rate: 0.5cc/min as slow flow rate,
1cc/min as medium flow rate and 2cc/min as
very fast flow rate were selected. The maxi-
mum dissolution Ni, Co and Cd were
achieved after a day and flow rate of 0.5
ml/min that was equal to 113.18 mg/l, 3.33
mg/l and 316.6 mg/l, respectively.

Figure 1. Effect of acid flow rate on the Ni
dissolution 

Figure 2. Effect of acid flow rate on the Co
dissolution 

Figure 3. Effect of acid flow rate on the Cd
dissolution 

Figure 4. Ni, Co and Cd dissolution percent
on three different of acid flow rate after 30
day.

Fig.4. shows Ni, Co and Cd dissolution
percent. The maximum dissolution percent
Ni and Cd were in flow rate of 2 ml/min and
equal to 30.82% and 25.59%, respectively.
Co had the maximum dissolution percent in
1 ml/min and was equal to 0.11%.
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Effect of input pH
The effect of input solution pH on the

dissolution of Ni, Co and Cd are shown in
Figs.5-7. Based on the pH of rain water in
Zanjan city, three input solution pH of 5, 6
and 7 were selected. The maximum dissolu-
tion of Ni, Co and Cd after a one day was
observed in input pH of 6 and equal to 77.24
mg/l, 2.2 mg/l and 247.2 mg/l, respectively. 

Figure 5. Effect of input pH on the Ni dissolution 

Figure 6.Effect of input pH on the Co dissolution 

Figure 7. Effect of input pH on the Cd dissolution 

Fig.8 shows that the maximum disso-
lution of Ni, Co and Cd for a input solution
pH of 5 were 27.83 %, 0.14% and 28.19%,
respectively.

Figure 8. Ni, Co and Cd dissolution percent
on three different of input pH after 30 day.

Conclusion
For studying of filter cake properties,

three parameters of acid flow rate, input pH
and time were studied using column leaching
tests. Statistical analysis was achieved with
the SPSS 14 software for Ni dissolution as:

R=0.081pH+0.077Q-0.641t
For the Ni dissolution, time was found

the effective parameter for the transport to
the environment. For Co dissolution the sta-
tistical analysis show:

R=-0.028pH-0.024 Q+0.863 t
For Co dissolution, time and input pH

was found respectively, the effective parame-
ters for the transport to  the environment.
Statistical analysis was resulted for Cd disso-
lution as:

R=-0.102pH-0.092Q+0.632t
For Cd dissolution, time and input pH

was found respectively, the effective parame-
ters for the transport to environment.
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Introduction
Copper is a very important and func-

tional micronutrient participating in physio-
logical plant development (Puig and Thiele,
2002). Both a deficiency and an excess of
copper cause disturbances in all plant metab-
olism processes. Copper is a redox-active ele-
ment and can generate reactive oxygen
species (ROS), causing increased oxidative
stress, leading to damage in plant cell mem-
branes and cell death (Stohs and Bagchi,
1995). A typical Cu concentration in the
environment is between 1 and 30 mg kg-1
(Gorlach and Mazur, 2002) and the easiest
uptake is in Cu2+ form (Bertinado and L'Ab-
bé, 2004). Copper sorption depends on many

factors (Mleczek et al., 2009) and detoxifica-
tion of copper ions is usually associated with
a limitation of metal uptake, plant possibili-
ty to release metals or its ability to transform
copper into nontoxic forms (Puig and Thiele,
2002). Initiation a complex defensive mech-
anism due to the influence of heavy metals
interfering with plant metabolism (Jiang et
al., 2008; Mleczek et al., 2010) results in the
synthesis and exudation of a wide range of
molecules functioning as signal substances,
attractants for pollinators, protective mole-
cules against pollutants (Borowiak et al.,
2010), or affects directly and indirectly the
solubility of essential and toxic ions.

Physiological and Morphological Changes in Salix viminalis
as a Result  of Plant Exposure to Copper

M. Gąsecka1, M. Mleczek2, Z. Magdziak3, 

K. Drzewiecka4, P. Goliński5, T. Chadzinikolau6
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Abstract
Estimation of response of Salix viminalis L. cuttings to different copper concentrations

and, as a consequence, potential application of the results in phytoremediation of water con-
taminated with heavy metal ions, was the purpose of this study. The 14-day experiment was
conducted on one-year-old cuttings of Salix viminalis L. cv. 'Cannabina'. originating from
three-year old rootstock without foliage and exposed, in a phytotrone, to six different copper
levels in hydroponic pots. The element was analysed by flame atomic absorption spectroscopy.
Sugars, salicylic acid in free and conjugated forms in leaves, as well as low molecular weight
organic acids (LMWOAs) extracted from the rhizosphere quartz sand samples were deter-
mined by high performance liquid chromatography. Total phenolics content in leaves was
measured using the Folin-Ciocalteu's method with gallic acid as a calibration standard. The
results showed that the capacity to accumulate heavy metals were of the following order: roots
> rods > shoots > leaves. The linear relationships between the accumulation efficiency of par-
ticular Salix parts were confirmed. Together with an increase in copper sorption in plants, a
decrease was observed in root biomass and the length of roots, shoots and leaves. Sugars and
total phenolic contents were Cu concentration dependent. Salicylic acid content significantly
increased in plants treated with copper and was about 10 times higher for a 3 mM Cu solution
when compared to the control. The release of LMWOAs was different under different Cu lev-
els in the solution.

Key words: Copper, low molecular weight organic acids, phenolics, salicylic acid, Salix
viminalis L., soluble carbohydrates
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The aim of this study was to estimate
the response of Salix viminalis L. cuttings to
different copper concentrations and, as a con-
sequence, to assess a potential application of
the results in phytoremediation of water con-
taminated with heavy metal ions.

Materials and Methods
One-year-old cuttings of Salix viminalis

L. cv. 'Cannabina' collected from three-year
old rootstock without foliage were used in the
14-day experiment in a climate chamber
under controlled conditions. Plants were incu-
bated in complete Knop's medium containing
copper salt at 0, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0 mM
addition levels stabilized with steamed ultra-
pure quartz sand in hydroponic pots. 

For biometric analysis the accumulative
(total) leaf surface, mean length of shoots,
roots and leaves and root biomass were meas-
ured.

Copper concentration was analysed
(after mineralization of dried material with
65% HNO3 and 30% H2O2 in a CEM Mars 5
Xpress microwave mineralization system)
with flame atomic absorption spectrometry
(FAAS) using a Varian SpectrAA 280FS spec-
trometer equipped with a Varian hollow-cath-
ode lamp (HCL).

Low molecular weight organic acids
(LMWOAs) were analysed with a Waters
Alliance 2695 Chromatograph coupled with a
Waters 2996 Photodiode Array Detector
(λ=220 nm) and a Waters Atlantis C18 col-
umn at a flow rate of 0.8 mL min-1. The
mobile phase consisted of 25 mM KH2PO4
adjusted to pH 2.5 with concentrated H3PO4
and methanol (95:5. v/v).

Glucose, fructose and sucrose contents
extracted from leaves were analysed with a
Waters Alliance 2695 Chromatograph cou-
pled with a Waters RI detector 2414 and a
Supelcosil LC NH2 column. The acetoni-
trile/water (75:25. v/v) was used as the mobile
phase at a flow rate of 1.0 mL min-1

The content of total phenolics extracted
from leaves was measured with a Cary 300 Bio
UV-Vis spectrophotometer (absorbance at
λ=765 nm) using the Folin-Ciocalteu's
method with some modifications, with gallic
acid as a calibration standard. 

Salicylic acid was analysed in leaves with
a Waters Alliance 2695 Chromatograph cou-
pled with a Waters 2475 Multi-λ Fluorescence
Detector (λ Ex=295 nm and λ Em=405 nm),
and a Spherisorb ODS2 Waters Company col-
umn with a mobile phase consisting of 0.2 M

KAc/HAc buffer, pH 5.0 and 0.5 mM EDTA at
a flow rate of 1.5 mL min-1. 

Results and Discussion
The results showed, that the highest

copper accumulation was found in Salix vimi-
nalis L. roots and rods, while they were lower
and similar in leaves and shoots (Table 1). So,
the efficiency of copper accumulation by par-
ticular Salix parts was according to the follow-
ing order: roots > rods > shoots > leaves, as it
had been confirmed earlier in studies of Pun-
shon and Dickinson (1997) and Stolz and
Greger (2002). The copper accumulation in all
analysed Salix parts significantly increased
with metal concentration in Knop's solution.
A significant correlation was confirmed
between copper concentration in the medium
and in all parts of the plant. These results
pointed at effective accumulation of mobile
copper ions in particular Salix tissues and
observed differences in copper sorption by
plants under particular solutions indicate a
significant ability of tested Salix taxa to copper
uptake from the polluted matrix. Analysis of
biometric parameters pointed at a general
decrease of their value according to an increase
in copper concentration available for plants
(Table 1). Leaf length, root length and biomass
were lower in each solution in relation to con-
trol plants. Significant differences for shoot
length was observed between 0, 0.5, 1 and 3
mM copper doses. The greatest increase was
affirmed in root biomass and length while the
weakest in total leaves surface, in each case at
the highest Cu concentration. Significant dif-
ferences in growth and biomass of roots sub-
jected to Knop's solutions only with selected
copper concentration was probably associated
with changes in root morphology. 

In the rhizosphere quartz sand solution
the release of organic acids changed between
the six combinations and corresponded to the
increasing Cu concentration in the solution
(Table 2). The dominant compounds among
the ten detected LMWOAs were: oxalic,
formic, acetic, lactic, citric and succinic acids.
The total concentration of LMWOAs under
different Cu stress levels showed a large varia-
tion and increased with Cu addition to the
nutrient solution. In the controls the total
LMWOAs concentration was 38.29 µM kg-1
DW, whereas the total LMWOAs concentra-
tion under 3.0 mM of Cu stress was found to
reach a maximum 226.85 µM kg-1 DW. 
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Table 1. Copper accumulation in Salix viminalis L. organs and biomass parameters for subsequent
levels of copper addition to the growing medium - mean values (n=3), significant (p<0.05) differ-
ence between mean values in columns according to Tukey's HDS test (MANOVA).

Table 2. The effect of copper level in the cultivation medium on salicylic acid, total phenolics, LMWOAs
and soluble sugars contents in Salix viminalisL. organs plants - mean values (n=3), significant (p<0.05)
difference between mean values in columns according to Tukey's HDS test (MANOVA).

Total phenolic content in leaves was
between 13.37 and 17.48 mg g-1DW (Table
2). The highest concentration of copper
induced the highest phenolic content. This
confirmed their protective role in plants
against heavy metals (Lavid et. al., 2001). The
contents of free, and total salicylic acid (free
and conjugated with glucose) in leaves
increased significantly for Cu-treated plants,
with the exception of free salicylic acid content
of 0.5 and 1 mM Cu in the cultivation medi-
um. The highest contents were observed in
the case of 3 mM Cu treatment, and was near-
ly 25 and 20 times higher versus the control

plants (free and total salicylic acid, respective-
ly) (Table 2). Copper addition to the cultiva-
tion medium caused enhanced biosynthesis of
salicylic acid and its accumulation in willow
leaves. Salicylic acid occurred in a free form, as
well as conjugated with glucose, probably for
storage of a locally and systemically active
acidic form (Sandermann, 2000). In willow
leaves, Cu-induced salicylic acid served most
likely as a inducer of programmed cell death -
a controlled  mechanism of plant's reaction to
oxidative stress caused by copper (Thulke
and Contrat, 1998). 
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Glucose, fructose and sucrose contents
in leaves each copper level were higher than
in the control plants (Table 2). The most
marked drop detected in fructose content
was at the 2 mM Cu dose. Then at 2.5 and 3
mM Cu dose a slight decrease in the content
of this sugar was observed. The changes in
glucose and sucrose contents were not as
strong and a decrease of their contents was
noticed up to 1 mM of Cu concentration.
Carbohydrates are necessary for growth, lig-
nification and biomass formation of tress
(Mandre et al., 1998). Their content in
organs is the physiological and structural
peculiarity of plants and depends on many
environmental factors (Mandre et al., 1998).
An increase of the analysed sugar contents
suggested disturbances in photosynthesis
and in their transport and/or an enhanced
biosynthesis of reserve polysaccharides
(Araya et al., 2010).
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Introduction
Tea is one of the most frequently con-

sumed beverages worldwide, and several stud-
ies have evaluated the contribution of this
drink to the human health ( Shen  and  Chen,
2008). Tea is made from the processed leaves
of the plant Camellia sineneis, which is grown
in acidic soil widely from tropical to temperate
regions and contains 4-9% inorganic matter
(Erdemoglu et al., 2000; Yamamoto and Tune-
ja, 1997). Taguchi based optimization tech-
nique has produced a unique and powerful
optimization discipline that differs from tradi-
tional practices (Phadke, 1989; Ross, 1996).

The goals of our work were the follow-
ing: to construct a sampling tool that does not
contaminate tea a samples with the elements
to be examined during sampling and reports
the details of the development of a standard
dissolution procedure for tea samples and
determination of copper, iron, manganese,
zinc, aluminum, sodium, cadmium, nickel,
lead and chromium in a few tea samples. The
digestion conditions were optimized using an
OA9 orthogonal array design. The Taguchi
design involves laying out the experimental
conditions using specially constructed tables
known as "orthogonal arrays" (Ghambariana
et al., 2009). The use of these tables ensures
that the experimental design is both straight-
forward and consistent. Adopting the Taguchi
approach, the number of analytical explo-
rations required to develop a robust design is

significantly reduced, with the result that both
the overall testing time and the experimental
costs are minimized. 

Materials and methods 
Instrumentation: A Varian model   Spec-

tra AA-240 (Mulgrava,   Victoria, Australia),
atomic absorption spectrometer was used with
hollow cathode lamp (Varian). 

Reagents and Standard Solutions: Supra-
pure Merck HNO3, HCl and H2O2 were used
in the treatment of tea samples and prepara-
tion of standard solutions. All reagents used in
the present study were of analytical grade
obtained from E. Merck. 

Tea Digestion Procedures: Preliminary
studies showed that mixtures of HNO3- HCl -
H2O2 are better than either HClO4 - HCl or
HCl - H2O2 in terms of complete dissolution
in a short time. A Taguchi's L9 (34) orthogonal
array design was employed to evaluate poten-
tially significant factor and screen the opti-
mum condition for digestion of tea samples.
All tea samples were digested by weighing the
sample directly about (1.5 g) into a conical
sample tube, and concentrated HNO3/HCl
were added. The samples were heated on a hot
plate.

Results and Discussion
In this work, the effect of  four impor-

tant factor including temperature, digestion
time, volume of nitric acid and volume of 

Application of Tagouchi Method in the Optimization of Sample
Preparation for Determination Trace Element in Tea Employing

Atomic Absorption Spectrometry
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Abstract 
Tea is one of the most popular beverages in the world. Many teas are being studied for

their impact on health, yet little research has examined their mineral content. Sample
preparation is the critical step of any analytical protocol, and involves steps from simple
dilution to partial or total dissolution. In this study, methods for the pre-treatment and
determination of aluminum, copper, iron, cadmium, chromium, manganese, nickel and
zinc in tea by flame atomic absorption spectrometry are developed. Taguchi method was
employed for sample preparation optimization. Tea samples were brought into solution by
using a mixture of nitric acid and hydrogen peroxide. Various parameters that influence the
sample preparation, namely temperature, digestion time and ratio of acid mixture were
studied and optimized. The optimized method has been employed to digest tea samples con-
sumed in Iran. Tea reference materials were used in order to verify the accuracy of the
method and the results were in excellent agreement with the certified values.

Keywords: Black tea; Trace elements; Taguchi; Digestion; AAS
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hydrochloric acid and each factor at three lev-
els on the digestion efficiency of tea sample
were studies using Taguchi 's method. These
experiments were carried out in real samples
to reduce the systematic error. The used level
setting values of the main factors (A-D) and
the L9 (34) matrix employed to assign the con-
sidered factors are shown in table 1 and 2,
respectively. It is noteworthy that the mean of
absorbance responses for each factor at differ-
ent levels was also calculated (Table 2). 

Table 1. Coding of factor and levels of the
orthogonal test.

L9 orthogonal array scheme adapted,
which needs 9 experiments to complete the
optimization process; however, all of the tri-
als were replicated three times to obtain suit-
able precision. 

Effect of Concentrated Hydrochloric
Acid: HCl is often added to the sample in
order to increase the dissolution in a short
time. Experiments were done with different
volume of Concentrated HCl, ranging from
4 to 8 mL. 

Effect of Temperature: Figure 1 show
the mean effects of temperature on the tea
sample digestion. With the increase of diges-
tion temperature, the amount of analyte
increased significantly for Fe, Al, Ni, and Cr,
but decreased obviously for Cu, Zn, Mn.

Table 2. Comparison of the factors effecting
dissolution of tea samples according to the
orthogonal test (a: µg g-1; b : mg g-1).

Effect of digestion time: The effect of
digestion time on the digestion efficiency of
tea sample was the next parameter consid-
ered. The results obtained (Fig.2) indicate
that 180 min digestion time is sufficient   to
complete  mineralization for Zn, Mn, Al, Cr,
and 100 min for Cu, Fe, Ni, Cd.

Effect of Concentrated Nitric Acid: Fig.
3 depicts the mean effects of digestion time
on the volume of concentrated nitric acid.
Best results were obtained with the volume
of acid 15 mL for Cu, Fe, Mn, Al, Cr, and 10
mL for Zn, Ni and Cd.

Conclusion
This study employs the Taguchi

method to calibrate a forecasting model
comprising multiple controllable factors.
The statistical analysis revealed that the
most important factors contributing to the
digestion efficiency are digestion time and
temperature, but volume of hydrochloric acid

Figure 1. The response graph illustrating the variation of the mean absorbance values plot-
ted against digestion temperature (70, 90, 110 °C).
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Figure 2. The response graph illustrating the variation of the mean absorbance values plot-
ted against digestion time (100, 140, 180 min).

Figure 3. The response graph illustrating the variation of the mean absorbance values plot-
ted against the volume of HNO3 (10, 15, 20 mL).

has no significant effect on the digestion effi-
ciency. Based on the results obtained from
the analysis, the optimum conditions for
digestion were established as: volume of
nitric acid = 10 mL, volume of hydrochloric
acid = 4 mL; temperature = 110 oC and
digestion time = 100 min, for Fe and Ni; vol-
ume of nitric acid = 15 mL, volume of
hydrochloric acid = 6 mL, temperature = 90
oC and digestion time = 180 min, for Mn
and Zn; volume of nitric acid = 15 mL; vol-
ume of hydrochloric acid = 4 mL; tempera-
ture = 110 oC and digestion time = 180
min, for Al and Cr and volume of nitric acid
= 15 mL, volume of hydrochloric acid = 4
mL; temperature = 70 oC and digestion
time = 100 min, for Fe and Ni.
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Introduction
Many elements, in trace amounts, play

a vital role in metabolic processes and are
essential for the general well being of
humans. It is now well established that their
deficiency or excess may cause disease
and/or be deleterious to health (O'Dell and
Sunde, 1997). Fermented dried leaves of the
evergreen Shrub , Camellia sinensis, family
Theaceae, is called tea, the most common
beverage world wide (Jha et al, 1996). There
are three types of tea produced: green, oolong
and black, but all come from the same plant.
Green tea is prepared from fresh leaves and
buds that are pan-fried then rolled and dried.
Oolong is made by wilting the fresh leaves in
the sun, then bruising them slightly and par-
tially fermenting them. Black tea is made by
fermenting the slightly wilted leaves (Duke,
Atchley, 1984). Tea is one of the most popu-
lar beverages in the world and its health ben-
efits have been well documented (Stagg and
Millin, 1975). Traditionally, tea was drunk
to improve blood flow, eliminate toxins, and
to improve resistance to diseases (Balentine
et al, 1997). Very recent research findings
indicate the positive and negative effects of
drinking tea on the health (AL-Oud, 2003).
A number of papers have been published
regarding the determination of the metal
content of tea (Mokgalaka et al., 2004;
Seenivasan et al., 2007).We have analysed
various tea samples coming both from Iran
and others countries: Ceylon, India and
China.

Materials and methods
Suprapure Merck HNO3, HCl and

H2O2 were used in the treatment of tea
samples and preparation of standard solu-
tions. All reagents used in the present study
were of analytical grade obtained from E.
Merck. 

A Varian model Spectra AA-240 (Mul-
grava, Victoria, Australia), atomic absorp-
tion spectrometer was used with hollow
cathode lamp (Table 1).

Tea sample was washed to remove
exogenous contaminants from the surface;
therefore each tea sample was washed with
deionized water - acetone - deionized water.
The first stage of washing tea sample was
washed with deionized water for 30 min.;
then acceton for 10 min. and end stage with
deionized water for 15 min. The tea sample
was oven- dried at 70 °C for 3 hours.

Preliminary studies showed that mix-
tures of HNO3-HCl-H2O2 are better than
either HClO4-HCl or HCl-H2O2 in terms of
complete dissolution in a short time. All tea
samples were digested by weighing the sam-
ple directly (about 1.5 g) into a conical sam-
ple tube, and concentrated HNO3/ HCl were
added. The samples were heated on a hot
plate. After digestion, the sample was dilut-
ed to final volume with deionized water.
Standard solution of each element was pre-
pared in a mixture of HNO3, H2O2 and
deionized water. Pb and Ni were determined
by additional standard method. 

Determination of Essential and Non-Essential Metals in Iranin
Consumed Tea by Atomic Absorption Spectrometry

F. Tadayon, N. Lahiji, F. Tamiji 

Department of Chemistry, North Tehran Branch, Islamic Azad University, Tehran (Iran),
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Abstract 
Tea is taken in almost every country of the world in various forms. It is the most pop-

ular drink beverages of east and west, yet little research has examined their mineral content.
In this study, methods for the pre-treatment and determination of lead, nickel, copper, iron,
aluminum, sodium, manganese, and zinc in tea samples by flame atomic absorption spec-
trometry are developed. The risk of sample contamination during the sampling and diges-
tion was minimized. Prior to analysis, tea samples were washed with acetone, water and ace-
tone again. The tea samples were digested afterward in a mixture of HNO3, and H2O2. The
FAAS method was applied to the determination of Pb, Al, Ni, Fe, Na, Cu, Mn and Zn in
twenty different tea samples. The results obtained form this analysis have shown good accu-
racy and reproducibility.

Keywords: Black tea; Trace elements; Digestion; Atomic Absorption Spectrometry
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Table1. Spectrometer operating conditions and techniques

Figure 1. Mean concentration of studied metals in black teas imported and cultivated in
Iran [A: mg.g-1 and B:µg.g-1 units]

Results and Discussion
Concentrations of lead, nickel, copper,

iron, aluminum, sodium, manganese, and
zinc in tea different tea leaves samples are
given in (Tables 2 and 3). The most abundant
heavy metal in tea leaves was Mn which, in
the present study, ranged from 0.279 to 1.046
mg g-1. In this work, after manganese, Al
(0.93 to 918mg g-1), had the highest concen-
tration in tea leaves. Al concentrations in all
the tea samples analysed are relatively high. A
high Al content in most of the tea samples
analysed is not surprising, as the tea plant is
known to be an Al accumulator. The total
contents of other metals determined in tea
leaves arranged in the following order: Fe
(0.067 to 0.415 mg g-1), Cu (3.80 to
19.4 µg.g-1), Zn (22.1 to 48.0 µg.g-1) and Na

(0.159 to 0.407 mg g-1). Figure.1 shows the
mean concentration in milligrams per gram
(Fig. 1A) and micrograms per gram (Fig. 1B) of
studied metals in tea samples imported and
cultivated in Iran. The results indicate that
the levels of Fe, Mn, Cu, Pb and Al are higher
in the Iranian tea leaves, than the levels of
these elements in the imported tea leaves. 

Conclusion
Eight elements consisting toxic metals

(Al, Pb, and Ni) and essential mineral ele-
ments (Fe, Zn, Cu, Mn, and Na) were ana-
lyzed in twenty tea samples using AAS. The
difference in metal concentrations may
therefore be attributed to the tea products
being produced in different tea estates with
varying metal concentrations in the soils 
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Table 2. Mineral analysis of  imported teas in Iran.

Table 3. Mineral analysis of  cultivated teas in Iran.

resulting in variation in elemental uptake by
the tea leaves. The present study suggests that
Tea is potentially a rich source of some dietary
metals such as manganese, zinc, iron and cop-
per. With widespread consumption of tea in the
world, for many people, tea drinking may be a
major source of dietary of essential elements.
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Introduction
The contamination of the environment

has significant implications for production of
quality food products or animal feed (Bolan et
al., 2003, Kabata-Pendias and Pendias, 2001).
The most dangerous contaminants are heavy
metals (Kabata-Pendias and Pendias, 2001).
Heavy metals have negative effects on the
growth and development of plants as well as
uptake of some micro- and macroelements
(Obata and Umebayashi, 1997; Wyszkowski,
2002).

Materials and Methods
The purpose of the present study has

been to determine the influence of soil con-
tamination with cadmium, copper and zinc
on the content of some trace elements in
plants. The experiment was carried out in a
greenhouse at the University of Warmia and
Mazury in Olsztyn (Poland) in polyethylene
pots 3.2 kg in capacity (in five replicates) on
two soils, neutral in reaction and loamy sand
(pH in  1 mol dm-3 of KCl - 6.7 unit,
exchangeable base cations (EBC) - 98.0 mmol
kg-1; cation exchange capacity (CEC) - 105.8
mmol kg-1; base saturation (BS) - 92.6%, con-
tent of: C - 11,0 g kg-1, N - 0,97 g kg-1, Ca -
1.43 g kg-1, K - 180 mg kg-1, Na - 28 mg kg-1,
Mg - 80 mg kg-1) and sandy loam (pH in 1
mol dm-3 of KCl - 6.8 unit, cation exchange-
able bases (CEB) - 80.0 mmol kg-1; cation
exchange capacity (CEC) - 85.2 mmol kg-1;
base saturation (BS) - 93.9%, content of: C -
9.9 g kg-1, N - 1.14 g kg-1, Ca - 2.21 g kg-1, K
- 168 mg kg-1, Na - 57 mg kg-1, Mg -

50 mg kg-1) in texture. The soil material used
for the trials was collected from the humic
horizon of the soils. The soils were contami-
nated with cadmium (Cd) in the following
rates: 0, 50 and 150 mg kg-1 and with zinc
(Zn) and copper (Cu) in the amounts of 0, 150
and 450 mg kg-1. The test plants were oat
(Avena sativa L.), spring oilseed rape (Brassica
napus var. oleifera) and yellow lupine (Lupi-
nus luteus L.). Cadmium, copper and zinc
were introduced to soil as aqueous solutions
of CdCl2, CuCl2 i ZnCl2. Additionally, iden-
tical quantities of nitrogen, phosphorus,
potassium and magnesium (N - 100
[CO(NH2)2], P - 35 [KH2PO4], K - 100
[KH2PO4 + KCl], Mg - 20 [MgSO4 � 7H2O]
mg kg-1 of soil) were added to the pots. Oat
was harvested during the phase of heading,
while spring oilseed rape and yellow lupine were
harvested during the inflorescence stage. Dur-
ing the harvest, samples of aerial parts of the
plants were taken for laboratory examinations. 

The samples of plant materials were cut
into pieces, dried and ground. Afterwards,
they were assayed for trace elements concen-
tration by atomic absorption spectrophotom-
etry (AAS), having been first pressure miner-
alised in concentrated nitric acid (V) of the
density of 1.40 g cm3 (at 20oC) in hermetical-
ly closed Teflon vessels HP500 in a
microwave oven MARS 5 (Microwave Accel-
erated Reaction System, manufactured by
CEM Corp.) by method from Operation Man-
ual Mars 5 (2001). Certified reference materi-
al made by Sigma Aldrich Chemie GmbH was
used for trace elements concentration 

Concentration of Some Trace Elements in Plants Growing on Soils
Contaminated with Cadmium, Copper and Zinc

M. Wyszkowski1, J. Wyszkowska2

1Department of Environmental Chemistry, University of Warmia and Mazury in Olsztyn,
Plac Łódzki 4, 10-727 Olsztyn, POLAND, miroslaw.wyszkowski@uwm.edu.pl
2Department of Microbiology, University of Warmia and Mazury in Olsztyn, Plac
Łódzki 4, 10-727 Olsztyn, POLAND, jadwiga.wyszkowska@uwm.edu.pl

Abstract
The purpose of the present study has been to determine the influence of soil contami-

nation with cadmium, copper and zinc on the content of some trace elements in plants. The
concentration of cadmium, copper and zinc in plants was very strongly correlated with their
presence as pollutants in soil, especially in the case of light soil and spring oilseed rape. Con-
centration of these trace elements in plants, and cadmium and zinc in particular, was high-
er on loamy sand than on sandy loam. Soil contamination with cadmium, copper and zinc
had a significant and positive or negative effect on the content of the other trace elements in
plants, in dependence of dose and kind of metal, kind of soil and plant species. 

Key words: Soil contamination; cadmium; copper; zinc; plants; trace elements
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determinations. The results were analysed
statistically by means of three-factor analy-
sis of variance from the Statistica 8.0 soft-
ware pack (StatSoft, Inc. 2007). The correla-
tion coefficients between the parameters in
question were calculated.

Results
Soil contamination with cadmium,

copper and zinc had a significant effect on
the content of the analyzed trace elements in
plants (Tables 1-3). The concentration of the
above three trace elements in plants was very
strongly correlated with their presence as
pollutants in soil, especially in the case of
light soil and spring oilseed rape. Notewor-
thy is the fact that the concentration of these
trace elements in plants, and cadmium and
zinc in particular, was higher on loamy sand
than on sandy loam. Besides, the highest
cadmium rates contributed to the reduction
in the content of copper and zinc in spring

oilseed rape and oat (unlike yellow lupine),
especially on loamy sand. On sandy loam,
the contamination of soil with zinc had a
demonstrably negative influence on the con-
tent of copper in all the drops but produced a
generally positive impact on the content of
cadmium (except in oat). On loamy sand,
positive relationships prevailed between
increasing soil contamination with zinc on
the one hand, and the content of cadmium
and copper in the plant on the other hand.
Rising rates of copper in soil had a significant
effect, albeit variable in the direction, on the
content of cadmium and zinc in the plants.

Conclusion
The concentration of cadmium, copper

and zinc in plants was very strongly correlat-
ed with their presence as pollutants in soil,
especially in the case of light soil and spring
oilseed rape. Concentration of these trace
elements in plants, and cadmium and zinc 

Table 1. The effect of cadmium (Cd), copper (Cu) and zinc (Zn) on the content of trace ele-
ments in above-ground parts of oats (Avena sativa L.), in g  kg-1 d.m.

LSD for: a - kind of soil, b - kind of metal, c - metal dose
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Table 2. The effect of cadmium (Cd), copper (Cu) and zinc (Zn) on the content of trace ele-
ments in above-ground parts of spring oilseed rape (Brassica napus var. oleifera), in g kg-1 d.m.

in particular, was higher on loamy sand than
on sandy loam. Soil contamination with cad-
mium, copper and zinc had a significant and
positive or negative effect on the content of
the other trace elements in plants, in
dependence of dose and kind of metal, kind
of soil and plant species.
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Table 3. The effect of cadmium (Cd), copper (Cu) and zinc (Zn) on the content of trace ele-
ments in above-ground parts of yellow lupine (Lupinus luteus L.), in g kg-1 d.m.

n.a. -  not analysed because of an insufficient amount of plant material. Other explanations under Table 1.
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Introduction
Plants are an essential component of

regular human diet. The food of plant origin
is an irreplaceable source of vitamins, miner-
als and micro and macro elements. Develop-
ing world leads to increasing levels of heavy
metals contamination in the environment.
Plants are amenable to absorb and accumu-
late heavy metal species from the soil, water
and air. Metal content must be properly bal-
anced for the proper functioning of the
human body. Intake those in too high doses
can lead to pathological changes. For these
reasons it is essential to control the level of
contaminants in vegetable diet.

Material and methods
Reagents
For the sample digestion were used

high-purity concentrated HNO3 (69-70%,
instra quality, J.T.Baker) and certified 30%
H2O2 (analytical reagent grade, BDH). Dou-
ble deionized water (Milli-Q Millipore
18,2 MΩ cm-1 resistivity) was used for all
dilutions. The element standard solutions
used for calibration were prepared by dilut-
ing a stock solution of 10mg L-1 (Cu, Ni, Zn,
Pb, Cd) supplied by Peak Performance and
1000 mg L-1 (Hg) by Inorganic Ventures.

Microwave digestion system
For microwave digestion of the sam-

ples a high performance microwave diges-
tion system Multiwave 3000 (Anton Paar)
was applied.

Apparatus
Perkin Elmer Elan DRC II inductively

coupled plasma mass spectrometer was used
for the determination of Cu, Ni, Zn, Pb, Cd.

Altec Mercury Analyzer AMA 254 was
used for the direct determination of mercury.

Sample preparation for ICP-MS
0,5 g (dry mass) of plant sample was

weighed into the digestion vessels. Then 5,0
ml of concentrated HNO3 and 1,0 ml of
30% H2O2 were added to each sample. Sam-
ples were pre-digested overnight (16 h) in a
fume hood at room temperature. Tempera-
ture control required a temperature sensor in
one vessel during the entire decomposition.
The plant samples were digested according
to the following optimized program (power
in W / time in min): 1000/28, ventilation 20
min. The internal temperature was limited
to 240°C during the last step and ventila-
tion. After cooling the entire digest were
transferred into 60 ml plastic bottles and
diluted to 50 g with double deionized water.
Reagent blanks were prepared similarly to
the samples. All sample solution was clear
and diluted 10 times before analysis.

ICP-MS measurement
The ICP-MS system was calibrated by

the method of external standards with Rh,
Re as the internal standard. The reagent
blank solution contained 1% of concentrated
HNO3. Mixed standard solutions contain-
ing 5 elements, Cu, Ni, Zn, Pb, Cd were pre-
pared in reagent blank solutions. The back
ground interferences from the plasma gases,
air entrainment and solvent were corrected
by subtraction of reagent blank signals. The
isobaric spectral interferences originating
from the polyatomic ion species involving
the sample matrix elements maybe elimi-
nated by selecting a suitable isotope, correct-
ed or reduced by applying interference cor-
rection equations.

Determination of Cu, Ni, Zn, Pb, Cd by ICP-MS and Hg by AAS 
in Plant Samples

J. Retka1, A. Maksymowicz2, D. Karmasz3

Polish Geological Institute - National Research Institute, Central Chemical Laboratory,
Rakowiecka 4 Str., 00-975 Warsaw, Poland, 1jacek.retka@pgi.gov.pl, 
2anna.maksymowicz@pgi.gov.pl, 3dorota.karmasz@pgi.gov.pl

Abstract
The heavy metals were determined in plant samples. Samples were digested by the wet

method in a mixture of nitric acid and hydrogen peroxide with the closed-vessel microwave
system. Inductively coupled plasma mass spectrometry (ICP-MS) was used for the determi-
nation of copper, nickel, zinc, lead and cadmium. Atomic absorption spectrometry (AAS)
after collection on gold amalgamator trap was used for the direct determination of mercury.
Good accuracy was assured by the analysis of standard reference materials.

Keywords: heavy metals; ICP-MS; AAS; plant samples
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Table 1. Operating parameters Mass Spectrometer ICP-MS Elan DRC II.

AAS measurement
AMA 254 was calibrated by the

method of external standards. The reagent
blank solution contained 1% of concentrated
HNO3 and 0,01% K2Cr2O7. Mercury Ana-
lyzer is designated for the direct mercury
determination in solid samples without a
need of sample chemical pre-treatment.

Results and discussion
This paper presents the main parame-

ters of two measurement methods, precision
and accuracy were estimated. After the

microwave digestion good reproducibility for
ICP-MS measurements for all elements was
observed indicating that the microwave
digestion of the samples was complete.
According to the results it could be conclud-
ed that microwave digestion is an appropri-
ate technique for digestion of plant samples. 

The accuracy of the method was evalu-
ated by means of heavy metals determina-
tion in SRMs. The achieved results were in
good agreement with certified values.

Additionally, the uncertainties of the
methods were defined. 

Table 2. Chosen isotopes, employed mathematical correction, potential interferences and
limit of quantification for chosen elements in plants samples.
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Table 3. Operating parameters Mercury Analyzer AMA 254.

Figure 1. Comparison of our results (CLCh) with reference values for sample IPE
2009.4.1 (Potato).
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Conclusion
The use of the closed-vessel microwave

digestion system in plant samples with a
mixture of HNO3 and H2O2 provides a
good, safe and clean method of sample
preparation. None of the elements tested
were lost in the digestion. Recovery studies
show that the digestion method used in this

study are satisfactory and reproducible for
analysis of plant samples.

Direct determination of mercury using
of the AMA 254 analyzer is simple, rapid
and suitable method for the analysis in a
variety of plant samples.

The accuracy of the methods was
checked and confirmed by SRMs and inter-
laboratory comparisons.

Figure 2. Correlation between ICP-MS and ICP-OES values for Ni determination in
moss samples.

Figure 3. Correlation between ICP-MS and ICP-OES values for Cu determination in moss
samples.
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Introduction
The impoundment of large hydroelec-

tric reservoirs causes significant although
temporary increases in fish total mercury (Hg)
concentrations. In the La Grande complex
reservoirs, developed in the late 1970s in
Northern Québec, Canada, fish Hg concen-
trations peaked 5 to 9 years after impound-
ment in non-piscivorous species and after 15
years in piscivorous species, then gradually
decreased to background levels after 10 to 30
years for most fish species, depending on
reservoir characteristics (Lucotte et al., 1999). 

The development of the Sainte- Mar-
guerite-3 (SM 3) hydroelectric facility required
the impoundment of a 315 km2 reservoir on
Québec's North Shore region, which was filled
from 1998 to 2002. The reservoir is located
about 90 km from the city of Sept-îles and the
native Innu communities of Uashat and
Mani-Utenam. This project was subjected to
an Environmental Impact Assessment (EIA)
and public hearings. The building permits
were awarded with the following conditions :
regular monitoring of fish mercury levels; dis-
tribution of fish consumption guides devel-
oped with local public health institutions;

evaluation of the effectiveness of consump-
tion guides; determination of mercury expo-
sure and of fish consumption habits of local
populations before and after the reservoir
development. 

As predicted by the project's EIA, the
monitoring of fish mercury levels revealed 6
to 8 fold increases in Hg levels in the main
fish species. Indeed, average mercury concen-
trations in 400-mm Lake Whitefish increased
from 0.10 to 0.78 µg g-1 (ww), 7 years after the
beginning of impoundment, and then
decreased to 0.60 µg g-1 after 10 years. In 700-
mm Northern Pike, average mercury concen-
trations regularly increased from 0.30 to 1.52
µg g-1 after 7 years, and to 1.89 µg g-1 after 10
years. Fish consumption guides, produced in
collaboration with local public health institu-
tions, were distributed to local populations to
ensure their Hg exposure remains below lev-
els recommended by the World Health Orga-
nization (WHO).

This paper presents the impacts of the
SM 3 project on fish consumption and mercu-
ry exposure of the local populations. 

Impact of the Sainte-Marguerite 3 Hydroelectric Reservoir 
on the Mercury Exposure of Local Fish Consumers

R. Schetagne1, M. Plante2, D. Castonguay3

1Environment Department, Hydro-Québec Production, Montreal, Québec, Canada,
Schetagne.Roger@hydro.qc.ca
2Health and Safety Department, Hydro-Québec Production, Montreal, Québec, Canada,
Plante.Michel@hydro.qc.ca
3Castongay, Dandenault et Associés Inc. Environmental Consultants, Québec, Canada,
cda@qc.aira.com

Abstract
The Sainte-Marguerite-3 hydroelectric generating station, with an installed capacity of

882 MW, required the impoundment of a 315 km2 reservoir, of which 262 km2 consisted of
flooded land. As expected, 7 years after the impoundment of the SM 3 reservoir, fish mercury
levels increased by factors ranging from 6 to 8 according to the main fish species. Total mercu-
ry concentrations reached 0.78 µg g-1 (ww) in 400-mm Lake Whitefish and 1.89 µg g-1 (ww)
in 700-mm Northern Pike. In partial fulfillment of the authorization conditions, Hydro-
Québec, in collaboration with provincial and federal public health authorities, carried out fish
consumption and mercury exposure surveys in 1997, before impoundment and in 2006, 8
years after flooding. Compared to pre-impoundment conditions, non-native fishers consumed
significantly more local fish on a monthly basis, while native Innu fishers consumed signifi-
cantly less fish, for reasons unrelated to the mercury issue. The average hair mercury concen-
tration remained unchanged for the non-native fish consumers at 0.9 µg g-1, while it decreased
significantly from 0.9 to 0.5 µg g-1 for native fish consumers. For both native and non-native
women of child-bearing age, the average hair mercury levels remained unchanged at 0.4 µg g-1. 

Key words: Mercury exposure, public health, mercury, fish consumption, hydroelectric
reservoirs
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Materials and Methods
The study protocol was approved by

provincial and federal public health authori-
ties and was submitted to an independent
Health ethics review board (Institutional
Review Board Services of Toronto, Canada),
which approved the overall protocol, the ques-
tionnaire on fish consumption habits, the
hair sampling protocol, the consent forms, as
well as the information distributed.

The fish consumption habits question-
naire contained 26 questions and 98 sub-
questions related to fish species captured,
fishing sites, as well as the consumption fre-
quency (of fish captured) during the previous
12 month period. This questionnaire was
administered before (in 1997) and 8 years
after the impoundment of the SM 3 Reservoir
(in 2006). It was administerd to 188 partici-
pants (77 native Innus and 177 non-natives)
in 1997, and to 125 participants (35 Innus
and 90 non-natives) in 2006. The 2006 sur-
vey focused on the land users fishing in the
area and consuming their catches. For both
surveys, men and women of different age
classes were targeted : 18 to 34, 35-44, 45-54
and 55+.

Mercury exposure were determined by
total Hg hair measurements, expressed in
µg g-1 ww. A total of 136 hair samples were
thus obtained in 1997 (56 Innus and 80 non-
natives), and 112 hair samples were collected
in 2006 (33 Innus and 79 non-natives).

Total Hg concentrations in hair samples
were determined by the Toxicology Center of
the Québec Institute of Public Health, using
the standard CVAAS method. Three separate
hair segments of 1 cm were analysed on each
hair sample. Results presented in tables 2 and
3 correspond to the arithmetical means
obtained for the 3 segments.

The results of separate hair segments
were analysed using student's t test after veri-
fying homogeneity of varance. Statistical
analysis also included ANOVA and SNK
Multiple comparison tests, using a p-value
< 0.05 to assess statisticaly significant differ-
ences.

Results and Discussion
Table 1 shows the average number of

fish meals per month consumed by local pop-
ulations before, and 8 years after the
impoundment of the SM 3 Reservoir. The
local Innu population living in Uashat and
Mani-Utenam communities showed a slight,
although significant, reduction in fish con-
sumption after impoundment, with an aver-
age of 2.1 fish meals per month in 2006, com-
pared to 2.3 meals per month in 1997. This
reduction was not related to the presence of
the reservoir or to the issue of mercury but
was due to a general reduction in traditional
hunting and fishing activities typical of native
communities in Québec.

For the non-native population of Sept-
Îles, consumption of fish captured in the area
increased significantly after impoundment, to
an average of 2.6 meals per month, compared
to 1.8 meals per month in 1997. This
increase may be due to enhanced brook trout
availability following the stocking of this
highly prized species in selected natural lakes
surrounding the reservoir, as a mitigation
measure. 

For both populations, the prefered
species remained brook trout, and there were
no differences in fish consumption between
men and women. In 2006, there was also no
significant differences between age classes
surveyed.

Table 1. Average number of local fish meals consumed per month by local populations,
before and after the impoundment of the SM 3 Reservoir.

*  Standard deviation
** Significant difference (p-value < 0.05)
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Table 2 shows the mercury exposure of
the local populations before and after the
impoundment of the SM 3 Reservoir, as
obtained by hair mercury analysis. It shows
that mercury exposure of the non-native pop-
ulation of Sept-Îles remained unchanged, with
a mean hair total Hg concentration of 0.9
µg g-1 (ww). For the Innu population of
Uashat and Mani-Utenam, mercury exposure
actually decreased after impoundment, to 0.5
µg g-1 total Hg (hair concentration), compared
to 0.9 µg g-1 in 1997. These values are all well
below the recognized threshold of health
effects for adults in general, of 50 µg g-1 total
Hg hair concentration (WHO, 1972; 2004).

The mercury exposures obtained for
both local populations are comparable to
those measured in other native and non-
native populations of fishers in Québec and
Labrador, for which mean values vary from
0.4 to 1.6 µg g-1 total Hg hair concentration,
with maximum values ranging from 2 to
13.9 µg g-1.

Table 3 shows that mercury exposure
obtained after the impoundment of the SM 3
Reservoir (in 2006) also remains low for
women of child-bearing age for both popula-
tions surveyed.

Indeed, a mean value of 0.4 µg g-1 total
Hg hair concentration was measured, with

individual values ranging from <0.1 to 1.3
µg g-1. These values are also well below recog-
nized threshold of health effetcs for the fetus
of 14 µg g-1 maternal hair total Hg (WHO,
1972; 2004).

Our results show no increases in mercu-
ry exposure of local populations after the
impoundment of the SM 3 Reservoir, despite
6 to 8 fold increases in fish total Hg levels.
They also show that the simple application of
fish Hg increase factors is clearly not useful to
predict future Hg exposure of local fish con-
sumers. Health risk assessment methods
related to the consumption of fish in the con-
text of hydroelectric reservoir projects must
also take into account fish consumption
habits, preferred fish species and fisher inten-
tion of exploiting reservoir fishes (Schetagne
et al., 2008).

In the case of the SM 3 Reservoir facili-
ty, the preferred fish species of the local popu-
lations remain brook trout, a species that does
not prosper in large reservoir habitats, where
large predators such as Northern Pike are
abundant. Mitigation measures were also
applied to increase the fishing success of
brook trout in lakes surrounding the reser-
voir. 

Table 2. Mercury exposure of local populations before and after the impoundment of the SM
3 Reservoir (Total Hg in 3 cm hair segments, in µg g-1 ww).

*  Significant difference (p-value < 0.05)

Table 3. Mercury exposure obtained after the impoundment of the SM 3 Reservoir (in 2006)
for women of both populations surveyed (Total Hg in 3 cm hair segments, in µg g-1 ww).
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Conclusion
The SM 3 development did not

increase mercury exposure of local fish con-
sumers. Mercury exposure remained well
below recognized threshold of health effects
for adults in general and for the fetus.

Local populations can continue to prof-
it from the health benefits of regular fish
consumption by following fish consumption
guides that were produced in collaboration
with local public health institutions.

Although the temporary increases in
fish mercury levels represent a theoretical
health risk, fish consumption habits in
Québec make its occurrence highly improba-
ble.

Communication programs and fish
consumption guides developed with local
public health institutions show that the
potential health risk can be managed effi-
ciently.
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Introduction 
Baihua Reservoir (BR) is located approx-

imately 16 km northwest of Guiyang,
Guizhou Province, southwest China. It is an
important impoundment providing valuable
water resources (e.g. drinking water, irrigation,
and fisheries) for the local communities. The
ecosystem of BR has become increasingly vul-
nerable due to various environmental prob-
lems (e.g. eutrophication) including direct
mercury (Hg) contamination from Guizhou
Organic Chemical Plant, which used Hg in the
production of acetic acid (Feng et al., 2004;
Yan et al., 2008). As part of a sino-swiss proj-
ect, we investigated Hg biogeochemical cycling
in BR with a focus on Hg
methylation/demethylation processes and
bioaccumulation of monomethyl mercury
(MMHg) in benthic organisms. Here, we pre-
sented results of the first year study, which
gave an overall distribution of Hg speciation in
the water column, sediment, and biota of BR,
and offered some insights of factors influenc-
ing the bioaccumulation of MMHg in BR fish.

Materials and Methods
During June 16-26, 2009, sediment,

water, and biota (plankton and fish) samples
for Hg species and their related parameters

were collected at three sites (Y, M, and D) in
the upper, middle and down reach of the
pelagic part of the reservoir. The chemical
plant is ~20 km upstream of site Y. Due to the
persistent oxycline of BR (anoxic below 4 m in
this study, and remained stratified between
April and October (Wang et al., 2005), chi-
ronomid larvae samples were only available
from sites Y-S and D-S in the littoral zone of
BR. Water samples for the Hg analysis were
made using a go-flo bottle, filtered (0.45 µm)
and acidified (HCl, 0.5% v/v) on board the
ship. Sediment cores were taken using a grav-
ity corer. Within a few hours of collection,
sediment cores were sectioned (2-cm incre-
ments) in a N2-glovebox. Porewater for the
Hg analysis were obtained via centrifugation,
followed by filtering (0.45 µm) and acidifica-
tion (HCl, 0.5% v/v) in a laboratory by the
reservoir. 

Samples were analyzed within 3
months of collection. All the analysis was
done in Guiyang using established methods
(Yan et al., 2008), except for total Hg (THg)
and MMHg in sediments, chironomids and
plankton, which were done in the Swiss lab-
oratory, where THg were analyzed using
thermal combustion method (AMA 254,
Leco®), while MMHg were analyzed using 

A Puzzle in a Hg Contaminated Reservoir - Biogeochemical 
Factors of Hg Bioaccumulation in the Fish of Baihua Reservoir

B. Liu1, H. Yan2, Q. Li3, C. Wang2, S. Guédron1, X. Feng2, J. Dominik1

1Institute F. -A. Forel, University of Geneva, Route de Suisse 10, C.P. 416, CH-1290
Versoix, Switzerland, Bian.Liu@unige.ch, Stephane.Guedron@unige.ch,
Janusz.Dominik@unige.ch
2State Key Laboratory of Environmental Geochemistry, Institute of Geochemistry,
Chinese Academy of Sciences, China, 
yanhaiyu@vip.skleg.cn, fengxinbin@vip.skleg.cn, cuiping-w@163.com  
3Guizhou Normal University, Guizhou Mountain Environment Key Laboratory,
qiuhua2002@126.com  

Abstract 
Baihua Reservoir (BR), Guiyang, China, is a reservoir historically contaminated by

direct discharge from an organic chemical plant which used Hg in its production of acetic
acid. There is a growing need for investigating Hg dynamics in BR as the Hg contamination
level is high. As part of a sino-swiss project which focuses on the biogeochemistry of Hg in
this reservoir, we measured total Hg (THg) and monomethylmercury (MMHg), along with
ancillary parameters (e.g. organic carbon, sulfide, and anions) in both water column and sur-
face sediments (0-10cm) in June, 2009. Our results show that despite of the elevated levels
of Hg found in the water column (0.6 to 16 ng L-1) and sediments (600 to 8000 ng g-1 dry
weight), MMHg levels in fish collected in the reservoir were well below the guild lines value
(0.5 mg kg-1 wet weight) in the European Community. Here we discuss the role of biogeo-
chemical factors such as Hg speciation, anoxia, and eutrophication in controlling the bioac-
cumulation of MMHg in the fish of BR. 

Key words: mercury, methylmercury, bioaccumulation, reservoir
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HNO3 leaching/CH2Cl2 extraction followed
by ethylation, GC separation, and detection
by Tekran® (Model 2500). The average rela-
tive standard deviations (RSD) of replicates
were below 10% for the dissolved Hg species
and THg in solid samples, and below 17% for
MeHg in solid samples. The recoveries of cer-
tified reference materials for THg (BEST-1)
and MMHg (CC580) in the solid samples
were 91% ±9% and 97%±13%, respectively. 

Results and Discussion
Concentrations of THg in sediments

(Fig. 1) tend to decrease with increasing dis-
tance from the Guizhou Organic Chemical
Plant (i.e. Y>M>D), suggesting that the spa-
tial distribution of sediment THg in the reser-
voir is primarily influenced by Hg discharge
from this known point source. Mainly driven
by the spatial distribution of THg, %MMHg
(%MMHg = MMHg / THg × 100%) showed a
sharp increase along the direction of the water
flow (i.e. Y<M<D). The spatial distribution
of MMHg is less straightforward.  Site M had
the highest MMHg concentrations (12.3±1.9
ng g-1) followed by Y (8.3±7.3 ng g-1) and D
(5.7±1.0 ng g-1). No significant correlation
between MMHg and THg was found, suggest-
ing that other factors (e.g. bioavailable Hg2+,
microbial activities, and demethylation
processes) are more important in determining
the net MMHg production in these sediments.
In the sediment porewater, the highest
MMHg was found at site Y (1.8±1.8 ng L-1)
followed by M (0.4±0.4 ng L-1) and D
(0.2±0.2 ng L-1). The spatial pattern of pore-
water MMHg is consistent with the distribu-
tion of dissolved organic carbon (DOC),
where Y site had the highest level (11.2±0.7
mg L-1) among the three sites. 

In the water column, both dissolved
THg and MMHg (i.e. THgD, MMHgD),
showed higher concentrations in the anoxic
layer (>4m) than in the oxic layer (Fig. 2).
The medians of THg and MMHg in the anox-
ic layer were approximately 1.4 and 13 times
higher than in the oxic layer, respectively. In
the anoxic zone, the highest MMHg was
found at M (0.7±0.8 ng L-1). MMHg at Y was
substantially lower than the other two sites,
in contrast to the spatial trend of porewater
MMHg.  At both M and D, MMHg peaked
close to the bottom layer of the water column,
possibly due to sediment diffusion of MMHg
and/or in situ methylation in the anoxic bot-
tom water.  

Despite of the high Hg levels found in
the water column and sediments, MMHg in
biota samples were not elevated. MMHg lev-
els (25.4±20.7 ng g-1 wet weight, n=12) in
fish (mostly carp, n=8) were well below the
guideline value (500 ng g-1 wet weight in the
European Community). MMHg in chirono-
mid larvae (9.6±7.0 ng g-1 dry weight) and
plankton (4.8±2.3 ng g-1 dry weight) were also
low. For both the chironomid larvae and
plankton, %MeHg was below 5%. 

Based on the physiochemical profiles of
THg and MMHg in BR, we suggest three
main possible explainations of the low bioac-
cumulation of MMHg in the fish of BR:  i) dis-
connection of high MMHg zone (i.e. anoxic
bottome water and sediment-water interface)
from the aquatic food web where fish, chi-
ronomid, planktons were normally found (i.e.
oxic layer); ii) relatively simple food web struc-
ture of carps (e.g. short food chain, fast growth
rate); iii) reduced MMHg uptake by fish due to
biodilution effect from algal bloom in this
eutrophic reservoir. 

Figure 1. Depth profiles of MMHg and THg in the sediments and porewater (MMHgsed,
THgsed, MMHgpw) from sites Y, M, and D in Baihua Reservoir, summer 2009.
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Conclusions 
From the 2009 campaign, it is clear

that the levels of THg and MMHg were ele-
vated in the sediment and in the anoxic layer
of the water column of BR. Despite of the
high Hg levels found in the water column
and sediments, MMHg levels in biota sam-
ples (mostly carp) were intriguingly low,
which is likely mainly due to the separation
between the zone of high MeHg and the zone
of high bio-activity (i.e. the living space of
fish, benthic organisms, and planktons), and
the relatively simple food web structure in
this eutrophic reservoir. 
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Abstract

The Venice lagoon sediments are contaminated with mercury (Hg) and
monomethylmercury (MMHg) [1]. Although both species are known to be bioaccumulat-
ed in marine food webs [2] this phenomena is poorly described in benthic fauna of the
Venice Lagoon [3]. This biogeochemical study aims to establish the in situ bioaccumula-
tion kinetics and possible effects on growth of Chironomus salinarius larvae, exposed to
Hg and MMHg at the water-sediment interface in solution and in (re)suspended particles
transported by tides. In situ sediment bioassays consisted in introducing laboratory-
reared organisms in cages inserted into surface sediments. Two sets of cages were
designed to enable suspended particles.

[1] Bloom, N. S., Moretto, L. M., Scopece, P., and Ugo, P., Mar. Chem. 91, 85-99
(2004)
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Introduction
A particle in which at least one of the

dimensions does not exceed 100 nm is classi-
fied as a nanoparticle. Nanoparticles are char-
acterized by high ratio of surface area to vol-
ume or weight, what strongly influences
physical and chemical properties of nano-
sized materials (Aitken et al., 2004).
Nanoproducts find applications in many
fields of daily life. Many products, e.g. fillers,
opacifiers, catalysts, pharmaceuticals, lubri-
cants or cosmetics are based on the nanopar-
ticles (Nel et al., 2006).  The increasing imple-
mentation of nanotechnologies brings a grow-
ing risk of creating a new generation of waste
- nanowaste (Bystrzejewska et al., 2009). As a
consequence, investigation of interaction of
nanoparticles with different compartments of
environment becomes important.

The aim of this study was to asses the
uptake and accumulation of aluminum and
platinum by mustard plants Sinapis alba L.,
which were cultivated in the presence of
nanoparticles of aluminum oxide and
nanoparticles and soluble salt of platinum.

Materials and Methods
Seeds of Indian mustard (Sinapis alba

L.) plants were sown into perlite and seedlings
at cotyledon stage were transferred to the con-
tainers with Knopp nutrient solution or to the
pots with typical garden soil. Plants in the
hydrponics were cultivated in the precence of:
nanoparticles of aluminum oxide, nanoparti-
cles of platinum or soluble Pt(II) salt
([Pt(NH3)4](NO3)2) (final concentration of
Al and Pt was 0.5 g L-1 and 0.5 mg L-1 respec-
tively). Soil was contaminated with nanopar-
ticles of aluminum oxide (final concentration
of Al was 17 g kg-1). Indian mustard (Sinapis
alba L.) plants were cultivated in growth
chamber for 10 and 21 days for hydroponics
and soil cultivation respectively. After finish-
ing the cultivation, plants were collected and
roots were washed three times with deionized
water. In case of soil cultivation, separation of
roots from the soil was imposible, so roots
were not taken for further analysis. The
plants were divided into particular organs,
oven-dried, grounded and homogenized. 

Total amounts of aluminum and plat-
inum in particular plants organs were deter-
mined by mass spectrometry with inductively
coupled plasma ICP MS after microvave
digestion of plant material. 

Uptake and Bioaccumulation of Aluminum and Platinum 
Nanoparticles by Mustard Plants Sinapis alba L.
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Abstract
The aim of the study was to investigate the uptake and accumulation of aluminum and

platinum by Indian mustard Sinapis alba L. plants, cultivated in the presence of aluminum
oxide and platinum nanoparticles and soluble platinum salt. Plants were cultivated under
hydroponic conditions or in the soil. Total amounts of aluminum and platinum in plants
were determined by mass spectrometry with inductively coupled plasma. 

The highest concentrations of platinum were found in plants cultivated hydroponical-
ly with the addition of platinum salt, but very efficient uptake and translocation of platinum
to above ground organs were also observed when platinum nanoparticles were added to the
solution. Highest aluminum amounts, in comparison with control samples, were found also
in plants cultivated hydroponically or in soils in the presence of Al2O3-nanoparticles.

It was stated that Indian mustard plants took up and accumulated platinum and alu-
minum oxide nanoparticles.

Key words: nanoparticles, Al2O3-nanoparticles, Pt-nanoparticles, plants
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Results and Discussion
In all investigated plant organs, alu-

minum or platinum content was higher then
in control samples. 

The highest concentrations of platinum
were determined in plants hydroponically cul-
tivated in the presence of platinum in form of
soluble salt (Fig. 1). Efficient platinum accu-
mulation and translocation to above ground
organs was also observed for plants from cul-
tivations with nanoparticles. Platinum con-
centration in roots was only 50% lower in
comparison with hydroponics, but it was
probably a consequence of strong adsorption
of Pt nanoparticles on the roots surface.
Transport of platinum from roots to shoots in
case of nanoparticles is less efficient, but still
about 10% of determined platinum was found
in above ground organs of Indian mustard. In
additional experiments, extraction of plat-
inum from plant material (using 25 mmol L-1
Tris, pH=8) was performed. Platinum was
found only in the extracts from plants culti-
vated in the presence of platinum salt, what
could prove - indirectly - accumulation of Pt
as nanoparticles in plant tissues.

Nanoparticles of aluminum oxide were
also taken up by the investigated plants. The
highest concentration of aluminum was
found in roots of plants cultivated hydroponi-
cally, nevertheless about 10% of total alu-
minum was present in above ground organs of
investigated plants. Aluminum content in
plants cultivated in soil was relatively low.

The highest aluminum concentration was
observed in the first leaves (leaves I) and in the
stems. In younger leaves (leaves II) aluminum
content was two times lower. It can indicate
that accumulation of aluminum in plants
takes place from the beginning of cultivation.

Conclusion
Indian mustard plants efficiently uptake

and accumulate aluminum oxide and plat-
inum nanoparticles. Under hydroponic con-
ditions, about 10% of platinum or aluminum
can be found in above ground organs. Simul-
taneously, any negative effects of the nanos-
tructures on the plants were not observed.
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Figure. 1. Platinum and aluminum content in particular parts of Indian mustard plants.
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Introduction
The pace of nanotechnologies imple-

mentation rapidly increased in last two
decades, bringing a growing risk of creating a
new generation of waste (nanowaste) and new
potential threats to environment (Bystrzejew-
ska et al., 2009). Nanoparticles (NPs) may be
up to 100 nm large and they have unique
physicochemical properties resulting from
high ratio of surface area to volume or weight.
Nanoparticles are incorporated into many
commonly used products (e.g. catalysts, phar-
maceuticals, cosmetics, fillers, electronic
devices) (Nel et al, 2006). Rising production
and use of engineered nanomaterials increas-
es the likelihood of environmental exposure
(Scheringer, 2008). As nanoparticles often
contain toxic metals, their degradation in the
environment may result in toxicity and soil
contamination. Toxicological studies of
nanoparticles should take into account the
significance of metal ions released during
degradation. 

The present study investigated the
impact of earthworms on degradation of

nanoparticles containing aluminium, titani-
um and zinc. Earthworms are abundant in
soils and are crucial in building soil structure
(Scott-Fordsmand et al., 2008). They uptake
the soil particles and process them in alimen-
tary canal, improving organic matter degrada-
tion; they also mix soil layers and increase
aeration (Edwards and Bohlen, 1996). 

This study was undertaken to compare
metal oxide and metallic NPs dissolution to
their reference microparticles (MPs) and the
influence of earthworms on the bioavailabili-
ty of metals released from NPs and MPs. We
assessed changes in elements bioavailability
caused by earthworms, by comparing release
of metal (Al, Zn, Ti) ions from nano- and
microparticles to the soil with and without
earthworms and by measuring accumulation
of the metals in earthworms. 

Materials and Methods
Earthworms were introduced into soil

samples in glass boxes, containing 800 g of the
garden mixed with 10 g of specific nanoparticles 

Influence of Earthworms on Bioavailability of Metals Released 
from Nanostructures in Soils Polluted 

with Al2O3, TiO2, Zn and ZnO Nanoparticles
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Abstract
The study was undertaken to investigate changes in elements bioavailability as a result

of earthworms activity. For this purpose, garden soil was contaminated with nanoparticles
(NPs) of Al2O3, TiO2, Zn and ZnO, and with microparticles (MPs) of Al2O3. Adult earth-
worms Dendrobeana sp. were introduced to half of the samples. Concentration of the met-
als was determined in soil eluates (water and EDTA), and in the earthworms before and after
gut cleansing. 

Interaction of nanosized Al2O3 and TiO2 with soil caused increase of extractability of
metals while presence of earthworms abrogated this effect. Extractability of Al from the soil
with Al2O3 microparticles was insignificant. The highest bioavailability and mobility was
observed for Zn with negligible effect of the earthworms. Investigated elements were not
substantially accumulated in the earthworms tissues. 

It was shown for the first time that earthworm presence moderates the consequences
of the increased soil concentration of metals released from nanostructures.

Key words: nanoparticles, Al2O3-nanoparticles, TiO2-nanoparticles, earthworm,
metal bioavailability
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(Al2O3 < 10µm, Al2O3 < 50 nm, Zn < 50
nm, ZnO < 100 nm and TiO2 < 100 nm) at
the final concentration 32 g kg-1 of dry mass.
To each box 200 mL of water was added. pH of
the soil averaged 5.5.

Three experimental variants were per-
formed for each nanoparticle. In variant A,
soil samples were obtained for further analy-
sis immediately after completion of prepara-
tion. In variant B, the boxes were left for 10
days under room conditions. In variant C, 15
adult earthworms (Dendrobeana sp.) were
added, averaging 1,625 ± 0,198 g per animal,
and the boxes were left for 10 days at room
conditions. Each experimental variant includ-
ed a control, comprising a box with soil with-
out any nanoparticles and microparticles. 

After 10 days the earthworms were
hand collected, rinsed in distilled water, and
either analyzed directly or kept in plastic Petri
dishes with moist filter paper for 3 days to per-
mit complete evacuation of the gut contents.
The earthworms were killed by freezing, oven
dried and ground. The soil samples were like-
wise dried and ground. 

Metals were extracted from soil samples
using water and 0.05 mol L-1 EDTA (1.00 g of
sample was mixed with 10 mL of extracting
agent and shaken on a reciprocating shaker
for 1 h at room temperature). Afterwards the
suspension was filtered and centrifuged. Con-
centration of metals in earthworms (after
microwave digestion) and soil extracts was
measured using ICP MS. 

Results and Discussion
10 day incubation of soil (variant A ver-

sus B) resulted in more aluminium extracted
with water from the control samples (by 65%)
and for the soils treated with Al2O3 -MPs (by
21%) and NPs (by 278%) (Fig. 1). Smaller par-
ticle size and large surface area-to-volume
ratio of the NPs intensify dissolution of
Al2O3 from the surface of the NPs compared
to that of the MPs. EDTA extraction was also
greater in these conditions for NPs than for
MPs (Fig. 1), increasing during 10 days by
40%. After incubation with earthworms, less
aluminium could be extracted with water,
compared to samples left alone. The amounts
were comparable to the amounts obtained
from non-incubated samples. It proves that
speciation of aluminium is changed in the gut
of earthworms. Earthworms activity increases
level of organic carbon in the soil (Wen et al.
2004). Possible complexing of aluminium
with organic ligands may reduce the alumini-

um phytoavailability, significantly reducing
aluminium toxicity for plants by earthworms. 

Our results confirmed also influence of
particle size on the bioavailability of the met-
als. MPs are considerably larger than NPs and
specific surface area of NPs is significantly
higher than that of MPs. As observed, effi-
ciency of extraction in case of nanoparticles
was clearly higher than for microparticles. 

Changes in metals bioavailability, as a
consequence of NPs-soil interaction and
earthworms presence, were much more evi-
dent in case of TiO2 nanoparticles. Titanium
extractability with water (Fig. 2) greatly
increased after 10 day incubation, but did not
change for EDTA. Earthworm presence was
associated with reduction of water soluble
titanium in soil by 80% (variants B and C).
Likewise, titanium extractability with EDTA
was lessened by 49%, and with acetic acid by
68%. These results point to importance of
earthworms in reduction of bioavailable tita-
nium (ionized), and also phytoavailable tita-
nium (chelated), possibly by relatively stable
binding of titanium to proteinous structures,
mediated by earthworm's digestive juices. 

The highest bioavailability was
obtained for Zn. Zinc extractability with
water did not change (150.2 ± 18.0 and
115.3±38.0 mg kg-1, variants A and B respec-
tively) after 10 day incubation for soils treated
with Zn-NPs<50 nm, but significantly less-
ened (from 1006 ± 50 to 285.2 ± 22.3 mg kg-1)
for soils treated with ZnO-NPs<100 nm,
irrespective of earthworms presence. As could
be expected, zinc oxide is a better source of
ionized zinc complexes than metallic zinc,
independently of the nanoparticle size. Earth-
worm presence only marginally affected zinc
speciation in soil. 

According to our results, earthworm
presence moderates the consequences of the
increased soil concentration of metals
released from nanostructures. Earthworms
actively influence chemical and physical
properties of soil affecting heavy metals frac-
tionation, and thus impacting mobility,
bioavailability, entrance to food chain, trans-
port, and toxicity of the metals. In the diges-
tive tract of earthworm Me-complexes are
formed and their activity significantly
changes fraction distribution of heavy metals.

In comparison with relatively high con-
centration of nano- and microparticles in the
soil, a very low level of investigated metals in
the earthworm's bodies indicates a very
low accumulation of metals or very effcient 
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Figure 1. Water and EDTA-extractable Al contents of the soil samples (mg kg-1). A - soil
without earthworms, no incubation; B - soil without earthworms, incubation period 10
days, C - soil with earthworms, incubation period 10 days. 

Figure 2. Water and EDTA-extractable Ti contents of the soil samples (mg kg-1). A - soil
without earthworms, no incubation; B - soil without earthworms, incubation period 10
days, C - soil with earthworms, incubation period 10 days. 

evacuation of metals from the alimentary canal.
In spite of high NPs and MPs contents

in the soil, all earthworms remained in good
condition during experiments, and no nega-
tive effect was noticed during 3-days obser-
vation post-exposure (during gut evacua-
tion), as evidenced by observed high behav-
ioral activity.

Conclusion
Earthworm activity substantially affected

speciation of aluminium and titanium in soil,
and to a lesser extent, speciation of zinc. Repeat-
ed ingestion, digestion, and excretion of soil by
earthworms apparently resulted in reduced
phytoavailability of the metals. The study
shows for the first time a strong dependency
between size of Al2O3-praticles and the level of
aluminium extractable by water and EDTA. 
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Introduction 
The toxicological meaning of heavy

metals results mainly from their perma-
nence in the environment, of the accumula-
tion and selective working on some tissues
of organisms. Plants are an essential link in
the migration of metals from soil and air to
the animals and the man. Some species of
plants can be bioindicators of environmental
pollution. Abilities of plants can also be used
for removing and the detoxification of heavy
metals for cleaning and monitoring the land
and water environmental - fitoremediation
techniques.

Environmental samples are very diverse
research material, both on account of the
place of taking a sample, the type of the
matrix, as well as the possible spectrum of
analytes. The preparation for analysis of
plant samples is a usually complicated task.
The operations and processes being included
in this stage can be with both the cause of the
loss and the source of additional contamina-
tion (Namieśnik et al., 2000). The majority
of analytical methods require conducting
samples to solution, as well as sometimes
allocating, dividing and concentrating of ana-
lyte. Conducting analysed samples to solu-
tion most often reaches through the mineral-
ization. We can distinguish two main ways of
the mineralization: "on wet"  and "on drily".

The most popular method of the "on
wet" mineralization of the plant material is a
microwave mineralization (Sardas and
Penuelas, 2006; Baldantoni and inn., 2009;
Lafabrie et al., 2009). It is most often miner-

alization with acids, in the closed arrange-
ment, under the increased pressure with the
application of the microwave energy. This
method apart from many virtues (short time
of analysis, simplicity of the method, little
reagent's consuming etc.) has two funda-
mental faults: price of apparatus to the min-
eralization and need to apply small amount
of analysed samples.

The second method of the "on wet"
mineralization is warming plant samples
with oxidizing acids under the manoeu-
vrable radiator (Rashed, 1995; Lavid et al.,
2001; Kara, 2009). This method is charac-
terized by a possibility of the use bigger
amount of analysed samples. The fault of
the  method is long time of analysis (often
necessary to repeat with reason of not com-
plete mineralization).

The most popular of the "on drily" min-
eralization is incineration. This method con-
sists of the slow decomposition of organic
matter in the oven in the temperature 5500C
on ash mainly composing from carbonates
and oxides, which next are dissolute in right
acid or mixture of acids (Ostrowska et al.,
1991; Isildak et al., 2004; Aberoumand et al.,
2009). The time of analyse is long, however
the method is very good for appointing non-
volatile elements (total spreading of organic
matter, eliminating it from the matrix, elimi-
nation of interference).

Materials 
The samples for examinations were

terrestrial grass and aquatic plants. 

Determining Trace Elements in the Land and Water Plant Material

G. Dembska1, G. Sapota, M. Bogdaniuk, Ł. Zegarowski, 

S. Wiśniewski, A. Flasińska, B. Aftanas

Maritime Institute in Gdańsk, Department of Environmental Protection, Długi Targ
41/42, 80-830 Gdańsk POLAND, 1grazyna.dembska@im.gda.pl

Abstract
The aim of the work was devising the method of the mineralization and determination

trace metals in the land and water plants. As part of the work a method of the mineraliza-
tion (reducing to ashes) of land and water plants samples was working out. The measuring
parameters of determining chosen trace elements on the PERKIN-ELMER spectrometer
ICP-OES Optima 2000DV with excitation in plasma were optimized. The method valida-
tion was conducted, uncertainties of the method were estimated for individual elements,
and a correctness of method was tested in the comparing investigations (intercalibration).

The devised method was used for indicating the content of metals in growing grass
around hearth waste sites and water plants from the Gulf of Gdansk.

Key words: Heavy metals, land and water plant material, ICP-OES, Baltic Sea, Gulf of
Gdansk, Puck Bay
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The terrestrial grass was taken in
November 2009 near hearth landfill sites in
Rewa (R4, R 5, R6, R7, and R16), Letnica
(L1, L5) and Przegalina (P11, P22, P24, KP
and WG - soil-forming layer). Species com-
position of samples weren't established.

The aquatic plants were taken in
November and December 2007. The Sea-grass
(Zostera marina) was collected in the Gulf of
Gdansk close to dripping breakers - Orłowo
area (O/I/1, O/II, O/III, O/V, O/VI/1, O/VI/2). 

The Pondweed (Potamogeton sp.),
Horned pondweed (Zannichellia palustris)
and Baltic stonewort (Chara baltica) were
collected around exploitation hollows in the
Puck Bay (I, II, III, IV, V, VI,  IV-V/w, VI/w) -
fig. 1. The air-dried samples were stored in
polythene bags in the room temperature
until the time of analysis.

Description of examined species
Division: Green algae (Chlorophyta)
Class: Charophyceae 
Order: Charales
Family: Characeae
Genus: Chara 
Species: Chara baltica (Baltic stonewort) 
The Baltic stonewort can tolerate salinities
up to 18 PSU but it more frequently occurs
in lower salinities (to less than 1 PSU). How-
ever, it does seem to require some salt, even
if only carried to the site by the wind.

Division: Angiosporous (Magnoliophyta
Cronquist)
Class: Monocotyledonus (Liliopsida Brongn.) 
Order: Alismatales
Family: Potamogetonaceae Dumort.
Genus: Potamogeton L. 
Species: Potamogeton sp. (Pondweed) 
The pondweeds are high underwater plants
constituting the team usually farthest dis-
tant from the shoreline of the lake with the
sludgy bottom. They are also found in brack-
ish waters e.g. in the Puck Bay.

Division: Angiosporous (Magnoliophyta
Cronquist)
Class: Monocotyledonus (Liliopsida Brongn.) 
Order: Alismatales
Family: Zannichelliaceae Dumort.
Genus: Zannichellia L.
Species: Zannichellia palustris (Horned
pondweed) 
The horned pondweeds most often grow in
the dispersion in shallow waters (to 1 m
depth). It is a species threatened with
becoming extinct, also in Polish waters. 

Division: Angiosporous (Magnoliophyta
Cronquist)
Class: Monocotyledonus (Liliopsida Brongn.) 
Order: Alismatales
Family: Zosteraceae
Genus: Zostera L.
Species: Zostera marina (Sea-grass) 

Figure 1. Location of the sampling stations in the Puck Bay  (the Baltic Sea) - (Kruk - Dowgiałło and
Opioła, 2009).
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In Poland the sea-grass is provided with the
rigorous species protection and put in the
group of extinct species (treat category: E) on
the Red List of Plants and Mushrooms of
Poland (Mirek et al., 2006).

Methods
The incineration method in the oven

(5500C) was selected for plants samples
(Polish Norm PN-R-04014:1991). In miner-
alizated samples the concentration of heavy
metals (Pb, Cu, Zn, Ni, Cd, Cr) were deter-
mined using atomic spectrometry emission
with excitation in plasma inductive coupled
(ICP-OES) on the spectrometer Optima
2000 DV,  PERKIN - Elmer.

The concentration of Hg (in non - min-
eralizated samples) was determined using
the atomic absorption after the thermal
decomposition on the spectrometer MA- 2,
Nippon Corporation Instrument. The dry
mass was determined according to the norm
PN-R-0401: 1998.

The method was validated and uncer-
tainty of each analysed element was calculated.

Results and Discussion
The methodology of determining met-

als in terrestrial grass and aquatic plants was
drawn up with method ICP-OES, after incin-
eration the sample. The measuring parame-
ters of determining selected elements on
spectrometer OPTIMA 2000DV, PERKIN -
ELMER and MA-2 Nippon Corporation
Instrument were optimize. The method was
validated and the limit of detection, limit of
determination, working scope, precision in
limit of the repetitiveness, accuracy, linearity
and selectivity were determined. The stan-
dard and extended uncertainty of the method
was estimated for the extending coefficient
k= 2, by the probability level 95% - tab.1.

The concentrations of heavy metals in
investigated plant samples were determined.
It is stated that hearth waste gathered on
investigated dumps didn't influence nega-
tively to the content of metals in grass grow-
ing around them. The grass (according to
Institute of Soil Science and Plant (IUNG)
guidelines of Puławy - Kabata-Pendias,
1993) is suitable for fodders in the state fresh
and dried off. 

The highest concentration of mercury
was stated in Sea-grass samples  collected
between the southern and centre bar and
between the centres and northern bar. The
highest concentrations of Zn, Pb, Cu, Cd, Cr
and Ni  were determined in samples collect-
ed behind northern bar. The low concentra-
tions of analysed elements were in samples
taken in the centre bar area - fig.2. 

The high concentrations of Pb, Cu, Zn,
Ni, Cd and Cr in examined aquatic plants
were stated in Zannichellia palustris and Hg
in Potamogeton sp - fig. 3. The low concen-
trations of examined metals were observed
in Chara baltica.

The conducted investigations of aquat-
ic plants had pilot character. In order to state
whether examined species are bioindicators
of pollutants in the given area, we should
compare concentrations of metals from
more samples with the results of sediments
and water from the given area.

Reference
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(2009) 2,116-119.
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2009, Macro- and trace- element concentra-
tions in leaves and roots of Phragmites 101, 

Table1. Results of validation and extended uncertainty determining trace elements in the
land and water plant material ICP-OES methods, after reducing to ashes and AAS methods
(Hg) after the thermal decomposition on the spectrometer MA- 2. 
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Introduction
Conventional remediation/risk manage-

ment options for contaminated sediments
include no action, monitored natural recovery,
institutional controls (land use restrictions,
etc.), in situ treatment and management, ex
situ treatment and management, and passive
capping. Traditional efforts to manage contam-
inated sediments often focus on removal and
ex situ management including dredging or dry
excavation followed by off-site management
(including treatment) of the removed sedi-
ments. The limitations of dredging include
releases during implementation, risks to work-
ers during construction and transportation,
community impacts (accidents, noise, odor, air
emissions), disruption of use and enjoyment of
the resource, disruption of benthic ecology,
impacts on fish and wildlife, impacts of con-
taminated residuals (inside and outside of the
remedial area), and risk of releases at the final
disposal location.

In situ management of contaminated
sediments is potentially less expensive and
risky than ex situ management, but there are
relatively few alternatives for in situ treatment

and some are still under development. Among
the more promising alternatives for in situ
treatment are active capping technologies.
However, apart from the types of amendments
to be used in active capping, little is known
regarding amendment application techniques,
application rates, and amendment combina-
tions that will maximize sequestration, immo-
bilization of contaminants, and resistance to
erosion. A selected set of active capping treat-
ment technologies has been demonstrated in
the field as part of the Anacostia Active Cap-
ping Demonstration Project (Reible et al.,
2006) and at the Savannah River Site (Knox et
al., 2009).  Knox's field deployment (Knox et
al., 2009) showed that active amendments
such as apatite or organoclay can effectively
immobilize contaminants but are subject to
erosion in dynamic stream environments.

The design of sediment caps must con-
sider a wide variety of factors, including the
mobility of the contaminants, burrowing
habits of potential receptors, erosive forces act-
ing on the surface of the cap, and geotechnical
characteristics of the native sediment (Palermo
et al., 1998). 

In Situ Remediation of Contaminated Sediments - Active Capping
Technology

A.S. Knox1, J. Roberts2, M.H. Paller1, D.D. Reible3

1Savannah River National Laboratory, Aiken, SC 29808, USA, Phone: 803 725 7021,
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Abstract
Active capping is a relatively new approach for treating contaminated sediments. It

involves applying chemically reactive amendments to the sediment surface. The main role
of active caps is to stabilize contaminants in contaminated sediments, lower the bioavail-
able pool of contaminants, and reduce the release of contaminants to the water column. 

Metals are common contaminants in many marine and fresh water environments as a
result of industrial and military activities. The mobile, soluble forms of metals are general-
ly considered toxic. Induced chemical precipitation of these metals can shift toxic metals
from the aqueous phase to a solid, precipitated phase which is often less bioavailable. This
approach can be achieved through application of sequestering agents such as rock phos-
phates, organoclays, zeolites, clay minerals, and biopolymers (e.g., chitosan) in active cap-
ping technology. Active capping holds great potential for a more permanent solution that
avoids residual risks resulting from contaminant migration through the cap or breaching of
the cap. In addition to identifying superior active capping agents, research is needed to opti-
mize application techniques, application rates, and amendment combinations that maxi-
mize sequestration of contaminants. A selected set of active capping treatment technologies
has been demonstrated at a few sites, including a field demonstration at the Savannah River
Site, Aiken, SC. This demonstration has provided useful information on the effects of
sequestering agents on metal immobilization, bioavailability, toxicity, and resistance to
mechanical disturbance. 

Key words: Active caps, metals, sediments, in situ remediation, erosion
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Consideration of the preceding facts
suggests that there is a need for capping tech-
nologies that can sequester organic and inor-
ganic sediment contaminants and create a
reliable, stable, and long-lasting cap in a
range of aquatic environments. Current
technologies typically produce caps with
limited physical stability that are suitable
primarily for low-energy, depositional aquat-
ic environments. However, depositional
environments can become erosive as a result
of unpredictable natural events such as
floods and storms as well as anthropogenic
actions such as boating and construction
activities. Under such conditions, caps can
be rapidly compromised resulting in the
mobilization of contaminated sediments. In
recognition of this limitation, we tested
innovative active capping materials offering
containment, treatment, and erosion resist-
ance. The primary objective of this study
was to evaluate promising sequestering
materials for the construction of active caps
that stabilize inorganic and organic sedi-
ment contaminants and are resistant to
physical disturbance.

Materials and Methods
In this study the effects of active caps

on metal immobilization and erosion resist-
ance were evaluated in pilot-scale experi-
mental active caps in Steel Creek, at the
Savannah River Site near Aiken SC, USA.
There were eight plots with four treatments:
two controls consisting of uncapped sedi-
ments; two caps composed of apatite and
sand; two caps composed of a layer of
biopolymer/sand slurry over a layer of apatite
and sand; and two caps composed of a top
layer of biopolymer/sand slurry, a middle
layer of apatite and sand, and a bottom layer
of organoclay and sand (Figure 1). 

The monitoring of active caps in Steel
Creek was conducted for twelve months.
The effectiveness of the active caps was
determined on the basis of contaminant
immobilization, amendment impact on ben-
thic organisms (toxicity tests), and cap
resistance to erosion. In this paper only the
effects of active caps on metal immobiliza-
tion and erosion resistance are presented.
Metal immobilization was evaluated by
analysis of metal concentrations in pore
water.

Cap erosion was evaluated based on
visual observations, sediment core charac-
terization for integrity of the cap layers, and

Figure 1. Three types of caps were tested in
the field deployment.

measurement of erosion rates and critical
shear stresses by an Adjustable Shear Stress
Erosion Transport (ASSET) flume (Roberts
et al., 2003). Seven months after cap deploy-
ment, sediment cores were collected from
the apatite cap plot, the
biopolymer/apatite/organoclay cap plot, and
the untreated plot. All cores were analyzed
by the ASSET flume (Figure 2).

Results and Discussion
Metal concentrations in pore water

samples collected from untreated sediment
outside of each cap and sediment located
beneath each cap 12 months after cap place-
ment are presented in Figure 3. For the
apatite cap the clearest reductions of metal
concentrations were observed for As, Cd, Cr,
Mo, Pb, and Zn. Reduction of metal concen-
trations in pore water were less clear for the
caps composed of biopolymer, apatite,
organoclay, and sand, especially twelve
months after cap placement (Figure 3).
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Figure 2. The coring tubes and sediment cores used for evaluation of erosion resistance by an ASSET flume.

Figure 3. Effect of cap materials on metal concentrations in pore water twelve months after
cap placement.
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Figure 4. Erosion rate ratio - comparison of
material types: native material (control plot -
samples 1 and 2), biopolymer/apatite/organ-
oclay material (samples 3, 4, and 5) and
apatite/sand material (samples - 6, 7, and 8).

Reduction of metal concentrations in
pore water was related to the sequestering
agents and to changes in pore water chem-
istry resulting from the caps. Parameters
modified by cap placement included oxida-
tion-reduction (redox) potential and pH
(Knox et al., 2009). These parameters may
have major effects on metal speciation in
pore water.

The data from the ASSET analysis is
presented as erosion rates and critical shear
stresses for the initiation of erosion as a
function of depth from the sediment surface
(Figure 4). The results indicated that the cap
most resistant to erosion was the cap with
apatite and biopolymer, which became
increasingly harder to erode with depth.
These results, using samples collected from
the field, were consistent with the laboratory
evaluation of biopolymers (Knox et al.,
2009). Both studies showed that guar gum
cross-linked with xanthan (Kelzan) initially
increased cap erosion resistance, but erosion
resistance decreased after two months. The
application of xanthan/guar gum in the field
as the top layer of active caps is beneficial for
a short time for erosion resistance. Another
benefit of biopolymer was that it reduced

sediment suspension during cap construc-
tion and caused the rapid settling of other
amendments that were placed below the
biopolymer layer. A third benefit of biopoly-
mer addition was an increased pool of carbon
in the sediment beneath the cap and lower
release of metals and other elements, espe-
cially P, in comparison with apatite only.
However, more research is needed on the
type of biopolymers applied to caps and
methods for delivering biopolymers to the
cap. A three layer cap composed of biopoly-
mer on the top, apatite in the middle, and
organoclay on the bottom does not appear to
be ideal for biopolymer interaction with
other amendments, which could serve as
cross-link reagents.
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Introduction
There are no simple soil remediation

methods to destroy or remove contaminants
from soil, especially when soil is contami-
nated with both organic and inorganic sub-
stances. 

Thermal treatment and soil washing
are the conventional techniques used for
remediation of organic and inorganic con-
taminants, respectively. These techniques
can be applied sequentially to treat soil with
mixed contaminants. First, organic sub-
stances are destroyed by a thermal treatment
or incineration. During the process, fine soil
particles (e.g. <0.125 mm) are separated
from the coarser particles. The coarse frac-
tions can be further treated by soil washing
or chemical extraction, while the fine frac-
tion, in which inorganic pollutants are con-
centrated, is disposed off with or without fur-
ther stabilization. 

Thermal treatment effectively removes
organic compounds, but impact on trace ele-
ments needs further investigations. Previous
research showed that soil alkalinisation (i.e.
pH increase) occurs after thermal treatment,
the mobility of arsenic (As) and chromium

(Cr) increases, while leaching of copper (Cu)
decreases (Nordmark, 2008). This, in turn,
can be exploited in soil washing process, i.e.
the removal of contaminants during soil
washing can be optimised by altering soil
properties during thermal treatment. 

Various additives can be mixed in
before thermal treatment to modify the
mobility of trace elements. The purpose of
this is to (i) reduce the leaching of trace ele-
ments in fine fractions, i.e. stabilize the trace
elements before landfilling and (ii) increase
the trace element solubility in coarse frac-
tions, which would facilitate the further soil
washing or chemical extraction.

The aim of this study was to modify
properties of thermally treated soil by adding
industrial by-products with qualities likely
to alter the leaching of Cr, Cu and As in con-
taminated soil. 

Materials and methods
Soil samples from a former industrial

wood impregnation site in Northern Sweden
contaminated with chromated copper arsen-
ate and traces of creosote were mixed before
thermal treatment either with gypsum (waste
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Abstract
Thermal treatment effectively removes organic compounds from contaminated soil,

but impact on co-present trace elements needs further investigations. The aim of this study
was to modify properties of thermally treated soil by adding industrial by-products with
qualities likely to alter the leaching of Cr, Cu and As. Soil samples from a former industrial
wood impregnation site contaminated with chromated copper arsenate and creosote was
mixed either with gypsum (waste of gypsum boards), magnetite (steel processing residue,
69% Fe2O3), steel abrasive (Fe0) or fly ash (all 5 wt%) before thermal treatment at 800 °C.
The addition of by-products followed by thermal treatment had a minor effect on Cr, Zn and
Cu leaching, while all amendments stabilized As after thermal treatment compared to the
non-amended thermally treated soil. Nevertheless, As leaching from thermally treated soil,
whether amendments were used or not, was considerably higher than in soil without ther-
mal treatment. Further solid state analyses can help to identify reasons for changed As
mobility after thermal treatment of soil amended with industrial by-products.

Key words: arsenic; contaminated soil; zerovalent iron; leaching
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of gypsum boards), magnetite (a steel pro-
cessing residue, 69% Fe2O3), steel abrasive
(97% Fe0) or fly ash from wood and coal
burning. All amendments were added at 5
wt% amounts. Soil sample was divided into
two particle size fractions (<0.125 mm and
>0.125 mm) to simulate the particle separa-
tion in commercial thermal treatment facili-
ties. The samples were heated at 800 °C for
20 minutes in stagnant air using a Carbolite
Furnace (CSF 1200).

The effect of thermal treatment on the
leaching of As, Cr and Cu was assessed using
the one-step batch leaching test at a liquid to
solid ratio of 10 L kg-1 (L/S 10) EN 12457-2
(CEN, 2002). Thermally untreated and
treated soil samples with and without
amendments were agitated for 24 h in
deionised water, filtered through 0.45 µm
membrane filters and analysed for trace ele-
ments using ICP-OES (Perkin Elmer Optima
2000 DV).

The total element concentration in
untreated and thermally treated soil was
determined by digesting 1 g of soil in 10 ml
of aqua regia (HCl:HNO3 = 3:1 v:v) using a
microwave digester (CEM Microwave Sam-
ple Preparation System, Mars 5).

Coarse particles (>0.125 mm) of ther-
mally treated soil containing added Fe0 were
used to make two-dimensional X-ray fluo-
rescence (XRF) maps with recorded As and
Fe fluorescence.

Table 1. Main soil properties (+D, n-3)

* - Determined for bulk soil

Figure 1. Leaching of As, Cr and Cu in two
fractions of soil before and after thermal
treatment at 800 oC, and with and without
soil amendments. 

Results and discussion
Main properties of the two soil frac-

tions (<0.125 mm and <0.125 mm) prior to
the treatment are given in Table 1. There
was no clear enrichment of As, Cr and Cu in
any of the fractions.
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The amendment that had decreased
the leaching of arsenic in fine fraction
(<0.125 mm) and increased in the coarse
fraction (> 0.125 mm) after thermal treat-
ment was fly ash (Fig. 1). Gypsum decreased
As leaching in fine fraction the most of all
amendments, even though the leaching in
coarse fraction also decreased. Nevertheless,
in all soil-amendment mixtures and in soil
without additives, in particular in fine frac-
tions, As leaching was significantly higher
after thermal treatment of soil. Thurnau &
Fournier (1992) reported similar findings
where As leaching increased 2- to 12-fold in
a contaminated soil thermally treated at
temperatures between 832 and 994 °C.

Arsenic in soil is often associated with
poorly crystalline Fe oxyhydroxides that dur-
ing thermal treatment transform to more
crystalline iron oxides having smaller active
surface area for As sorption (Sorensen et al.,
2000, Cornell & Schwertmann, 2003, Dixit
& Hering, 2003). Consequently, initially
sorbed As can be repelled from Fe oxide par-
ticles causing increased As leaching. 

The increase in soil pH from 4.9 to 7.1
in <0.125 mm and from 5.1 to 6.4 in
>0.125 mm fraction after thermal treat-
ment, caused by the formation of alkaline
oxides, may also enhance As leaching. In fly
ash and iron amended soil the increase in pH
was even larger; e.g. in <1.025 mm fraction
pH was 7.7 in ash containing soil, and 8.5 in
magnetite and metallic iron containing soils.
The sorption of As is pH-dependent and
decreases with increasing pH. Due to the
amphoteric nature of Fe oxides, their posi-
tive surface charge decreases with increasing
pH (Pierce & Moore 1982; Evans, 1989),
which explains the enhanced As desorption
in thermally treated and alkalinised soil.
Arsenic solubility can increase up to eight
times by increasing soil pH from 5 to 8
(Masscheleyn et al., 1991).

XRF images show Fe and As distribu-
tion in coarse particles (>0.125 mm) of ther-
mally treated soil containing additional 5%
Fe0 (Fig. 2). Lighter areas represent spots
with the higher concentrations of the ele-
ments. Iron is concentrated on the surface of
several particles, while As is scattered all
over the sample. Although As in soil is often
associated with Fe oxides no clear associa-
tions of As with Fe could be seen comparing
these two images (Fig. 2, a and b). Initial As
compounds might undergo break down upon
heating the soil. However, X-ray diffraction

analysis of soil samples was not able to give
any conclusive results on As mineral distri-
bution in untreated and thermally treated
soil. Further solid state analyses, e.g. using
synchrotron based spectroscopy, can help to
identify reasons for changed. As mobility
after thermal treatment of soil amended
with industrial by-products.

Leaching of Cr also increased signifi-
cantly in soil-ash mixture compared to soil
without additives in both fractions (Fig. 1).
Seeing as the fine fractions would be dis-
posed off at a landfill, such an increase is
highly unfavourable. All other amendments
reduced Cr leaching to the levels that are
below the leaching limits for inert waste in
EU countries (i.e. 0.5 mg/kg).

a).

b). 

Figure 2. X-ray fluorescence images (XRF
mapping) of (a) Fe and (b) As distribution in
thermally treated soil (>0.125 mm) amend-
ed with 5% Fe prior to heating. 
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Copper leaching was significantly
lower in all incinerated samples and the
additives had no significant impact on Cu
mobility. Gypsum reduced the Cu leaching
in the fine fraction to the undetectable lev-
els. Thermally treated soil fulfils require-
ments for Cu leaching in inert waste (i.e.
<2).
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Introduction 
Water pollution by heavy metals from

chemicals, fertilizers, biological and toxic
wastes can make water resources unpalat-
able and reduces the availability of fertile
farm land by leaching of nutrients. Thus,
nutrient leaching and eutrophication of
water ways has become a worldwide problem
(Karunaratne et al, 2003). 

This research proposes a solution by
extracting such dissolved heavy metals from
polluted water using aquatic plants. The
organism proposed for the project is the
aquatic plant Phragmites Australis Cav (PA)
also known as Reed Plant. PA plants in their
seedling stage can extract and accumulate
large quantities of various heavy and toxic
metals such as Cadmium, Copper, Lead, Sil-
ver and Zinc (Zurayk et al, 2001). This
research also proposes to extract heavy met-
als to either recycle or dispose of safely then
to use the resultant biomass for the manu-
facture of nanoparticles such as Silver (Ag)
and Copper (Cu) which are used in medi-
cine, electronics and other industries
(Huang, Li et al, 2007, Lanson, Marcus et al.
2008). 

Phytoremediation is a process that
uses plants for containment, degradation or
extraction of xenobiotics from water or soil
substrates creating the opportunity to be
used as an economic and non-destructive
method to remove pollutants. The heavy

metal group is one of the major pollutants
which contain elements with an atomic den-
sity greater than 6g/cm3. 

Materials and methods 
This project involves laboratory tests

using analytical methods such as transmis-
sion electron microscopy, UV/VIS/NIR spec-
troscopy, X-ray fluorescence spectroscopy,
flame atomic absorbance spectroscopy and
energy dispersive x-ray spectroscopy. The
research addresses relevant and specific
issues like pollutant sources and concentra-
tion levels; chemistry and toxicity of con-
tamination, solubility; transportation,
adsorption, dispersion and volatility of pol-
lutant compounds and detection, determi-
nation and monitoring of heavy metals accu-
mulation. 

Laboratory experiments in the first
phase are carried out with 50 ppm to 500
ppm heavy metals quantity in the water with
and without using a nutrient solution. 

Two laboratory trials were conducted
as part of this ongoing doctoral research proj-
ect using different concentrations of heavy
metals and control samples to measure the
extraction. 

Experiment 1
These experiments were carried out to

measure the initial effects of different heavy
metals on Phragmites Australis (PA). Heavy
metals effects are compared those of with 

Phytoremediation of Waterways Using Reed Plants

K. Al-Akeel, A.J. Reynolds, A.J. Choudhary

Experimental Techniques Centre, Brunel University, Kingston Lane, Uxbridge, Lon-
don, UB8 3PH (United Kingdom)

Abstract 
This research project addresses the challenging problem of heavy metals found in

scarce water resources. The main applications of the project include the use of plant tech-
nology, phytoremediation and nanotechnology. The use of phytoremediation is a non-
destructive method of heavy metal removal from water and soils. A reed plant (Phragmites
australis), normally found in habitats around the world, has the ability to extract heavy met-
als through its roots, stem and leaves. Two laboratory trials were carried out with different
concentrations of heavy metals in solution. Plants were grown in metal solutions ranging
from 50 ppm to 500 ppm concentrations. The heavy metals absorbed by the plants were
extracted, and the concentration of metal measured by flame atomic absorption (FAA), fol-
lowing microwave digestion. The heavy metals are first extracted and the resultant "clean"
biomass utilized for manufacture of metallic nanoparticles by a green technology route. The
subsequent recovery of the heavy metal, followed by metallic nanoparticles production uti-
lizing the clean biomass adds value to the use of this plant. 

Key words: Water pollution, Reed plants, Heavy metals, Phytoremediation, Nanopar-
ticles, Biomass 
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normal growth when seedlings of PA are kept
in water sample with the addition of metal,
plain distilled water was used as a control.
The heavy metals; copper, lead, and zinc are
used. Metals were made available to plant
seedlings in the form of high concentrations
solutions of CuNO3, Pb(NO3)2 and ZnSO4. 

Effects are measured through the
increase or decrease in the length of roots,
stems and number of leaves of PA seedlings.
Six identical PA seedlings are selected for
each metal solution. Each plant is kept sepa-
rately in the solution and effect is measured
at equal time intervals for better compari-
son, for example, on day 1, Week 1 and Week
2. Charts 1, 2 and 3 show the changes in root
and shoot growth during the period of expo-
sure.

It can be summarized from the graphs
shown below that Cu has the highest nega-

tive effect on the PA plants. Whereas two
other metals Pb and Zn has either allowed
the growth of PA plants or in two weeks just
made the growth process stagnant Water is
easily absorbed as known and maximum
growth in length and number of leaves can
be seen. 

Experiment 2
Second set of experiments were carried

out using Hoagland nutrient solution to
maintain the PA seedlings growth during the
accumulation while continue to extract
heavy metal. Hoagland solution consists of
plant nutrients such as nitrates and sul-
phates of Potassium, Calcium, Iron and
Manganese. The rest of the procedure for
measurement of length of root, stem and
number of leaves in PA plants was same as
first experiment. 

Chart 1. Root length                          Chart 2. Stem length

Chart 3. Leaf length 



432 15th ICHMET

HEAVY METALS IN SEDIMENTS AND REMEDIATION TECHNOLOGIES

The findings from the experiments 1
and 2 are as follows: 

a. Seedlings could sustain the highest
concentrations of these metals for two
weeks. 

b. Pb and Zn have not restricted the
growth of the seedlings of PA for two weeks
that leads one to conclude that these two
metals can be absorbed more by PA plants
compared to Copper which has the highest
negative effects on growth. 

c. If seedlings of PA which are very
small and not grown plants can extract met-
als from the solution then fully grown plants
of PA can be really useful in removing heavy
metals for water purification.   

d. In the second experiments, Copper
has higher effects compared to other metals
as in the previous case. Zinc has positive
growth effects and with addition of
Hoagland solution to their concentration,
they acts as nutrient to PA seedlings showing
considerable growth and no decrease in
measurements over one week exposure. The
major finding of this set of experiments is
that Hoagland is proved to be very significant
in providing required strength to PA
seedlings against all heavy and toxic metals.
The concentrations of these heavy metals
are used at their highest level of toxicity and
Hoagland solution has shown to be effective
in maintaining growth at these concentra-
tions. 

The results show that PA can be sued
as an effective means of removing metals
from solution in both oligotrophic and
eutrophic conditions.

Results from the nanoparticles
Silver and gold nanoparticles can be

produced from aerial parts of flowering
plants such as C.Camphora (Huang, Li et al,
2007). Nanoparticles manufactured from M.
Arabica and Festuca sp have following char-
acteristics: 

Medicago Arabica leaf extract and a
Festuca sp grass extract both can manufac-
ture nanoparticles.

Festuca sp grass extract may produce
nanoparticles at a faster rate than M. Arabi-
ca. Nanoparticles from grass extracts of FEs-
tuca sp are of larger size with a wide spread
around the particle mean diameter com-
pared to half size of M. Arabica.   

Electron microscopic diffraction shows
both nanoparticles of metallic type and little
particle aggregation. 

Following images are of diffraction pat-
terns of these silver nanoparticles. 

Electron diffraction patterns of silver
nanoparticles in Festuca sp 50 nm and 20. 

Electron diffraction patterns of silver
nanoparticles in M. Arabica 50 nm and 20 nm.

Manufacture of nanoparticles
To test the ability of grasses to manu-

facture metallic nanoparticles, an extract of a
common grass Fetsuca sp (FS) was made by
boiling the leaves in distilled water and filter-
ing the supernatant.   The extract was mixed
with silver nitrate solution at 30°C in a water
bath.  UV/vis absorption spectra were
acquired at intervals to monitor the produc-
tion of silver nanoparticles.   A comparison
the ability of this C3 grass and a C3 higher
plant Medicago arabica (MA) to manufacture
silver nanoparticles was carried out to inves-
tigate differences between grasses and higher
plants using the same biochemical pathways.

Preliminary results suggests that both
plants manufacture silver nanoparticles,
however the rate of synthesis was faster in FS
than in MA (Chart 4).

These experiments will be repeated to
test the ability of PA to manufacture Ag
nanoparticles.

Conclusion 
Empirical results suggest that PA

plants can extract high quantities of heavy
metals in their leaves, stem and roots
through absorption process. A major advan-
tage of using PA plants is their availability in
various common habitats from deserts to
coasts and to mountains around the world
which increases the chances of commercial
application. 
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The nest stage of this thesis is to grow
PA in a hydroponic system using single and
combinations of toxic metals and to monitor
metal accumulation using FAA and to also
prepare samples for transmission electron
microscopy to track the fate of the metals in
the plant tissues. 
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Abstract

Bioavailability can be defined as the potential for uptake of a chemical by living organ-
isms, expressed as a 'bioavailable fraction' of the total amount. Analysis of plant material
can therefore be a useful tool for monitoring environmental quality, and in mineral explo-
ration (`phytogeochemical prospecting'). Phreatophyte trees are particularly useful for eval-
uating groundwater quality, as, in those species which translocate metals to foliage, relative
substrate quality and bioavailability of constituent metals can be determined from evalua-
tion of the elemental composition in leaves. Whereas groundwater and soil monitoring pro-
vides an instantaneous measure of water quality, foliar analysis provides an integrated
measure acquired during the leaf lifespan, which ranges from weeks to years depending on
species. However, there are constraints to the use of plants as indicators of substrate quali-
ty. Plant species differ genetically in their ability to absorb and translocate metals: whereas
some exclude most ions, others reach equilibrium with the substrate solution, and some can
even concentrate metals. Individuals of the same species also differ in uptake depending on
season, local conditions, age and size. 

We describe metal translocation to wood and leaves in five species of trees growing on
polluted as well as non-impacted groundwater, and cycling of contaminants from groundwa-
ter to leaf litter and thus sub-canopy top soils. Saline and acid rock drainage (ARD) from gold
and uranium mine tailings has contaminated shallow unconfined aquifers in the South
Africa. Maximum concentrations in the mining-impacted aquifer system were in the order
of 50,000 mg/l total dissolved solids, 9,000 mg/l sulphates, 18,000 mg/l chlorides, 1800 mg/l
Mg and 12,000 mg/l Na. Concentrations of metals were also elevated. Groundwater in the
vicinity of `off-plume' trees contained only 570+154 mg/l TDS, 19+14 mg/l sulphates,
103+48 mg/l chlorides, 25+5 mg/l Mg and 85+26 mg/l Na. The foliage of trees reflected
groundwater quality, with `on-plume' trees containing higher concentrations of metals and
anions than `off plume' trees in species-, age- and seasonal-specific patterns. The concentra-
tions of metals associated in all species were in the order of foliage > bark > wood > fruit.
Overall, the foliage of `on plume' trees contained up to 7 times more S, 6 times more Mg, 5
time more Cl, 4 times more Fe & U, and 3 times more Al, Cr & Zn. Top soils beneath the
canopy of `on plume' trees showed significant enrichment with metals, sulphur and chlo-
ride. We attributed this to a combination of leaf litter deposition and hydraulic lift during the
dry season (when evapotranspiration exceeds precipitation by 2.5 times in this region).
Phreatophyte trees are therefore abstracting metals from contaminated groundwater, and
translocating these to the canopy in a species-specific fashion. There is potential for dissem-
ination of accumulated metals via leaf litter under some species, as evidenced by surface soil
enrichment. Tree uptake of metals represents both a risk, and an opportunity for extracting
sulphates and some metals from shallow groundwater.



43515th ICHMET

HEAVY METALS IN SEDIMENTS AND REMEDIATION TECHNOLOGIES

Introduction
Electrodialytic remediation (EDR) of

soil is a method developed for removal of
heavy metals from soils. The method is close-
ly connected to electrokinetic remediation
since the cleaning agent of both methods is a
direct current applied to the soil. The electro-
dialytic remediation method differs from elec-
trokinetic remediation in the use of ion
exchange membranes for separation of soil
and solution in the electrode compartments.
The main purpose for using ion-exchange
membranes is that ions are hindered in enter-
ing the soil from the electrode compartments,
which means that the current is carried main-
ly by ions that were originally in the soil.
Therefore no current is wasted for carrying
ions from one electrode compartment to the
other (Ottosen et al., 1997). 

The electrodialytic method was origi-
nally used for treatment of stationary and
water saturated soil (as in electrokinetic reme-
diation), but recently it has been shown that
the method also can be used for treatment of
soil fines in suspension. The overall idea in
the latter case is to combine the method with
soil washing and to develop a continuous
process for heavy metal removal from the fine
fraction. Larger debris or soil particles coarser

than 5 cm are separated out by the washing
procedure before the electrodialytic treatment
begins. The soil portion containing sand
needs only initial rinsing treatment because
contaminants do not strongly adhere to the
sand particles. The silt and clay fractions need
more extensive remedial treatment because
contaminants are easily sorbed by this fine-
grained fraction, and consequently are more
difficult to desorb (Semer and Reddy, 1996).
In such case the highly polluted fine fraction
is separated during the soil washing and the
electrodialytic treatment is only used for
remediation of the fine fraction. The soil in
the present investigation is an industrially Cu
and As polluted soil sampled from a wood
preservation site. For decades soil contamina-
tion at old wood preservation sites caused by
the inorganic pollutant CCA (chromated cop-
per arsenate) has attracted more and more
attention around the world (Hingston et al.,
2001; Chirenje et al., 2003; Robinson et al.,
2006). Many experiments have been per-
formed to investigate the possibility of
removal of Cu, Cr and As from soil by electro-
kinetic remediation which is considered as a
feasible cost-effective solution (Li et al., 1997;
Buchireddy et al., 2009; Ottosen et al., 2009). 

The Electrodialytic Remediation of Soil Fines in Suspension 
and Comparison with Original Soil
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1Department of Civil Engineering, Technical University of Denmark, Building 118,
DENMARK, tiran@byg.dtu.dk
2Department of Civil Engineering, Technical University of Denmark, Building 118,
DENMARK, lo@byg.dtu.dk
3Department of Civil Engineering, Technical University of Denmark, Building 204,
DENMARK, pej@byg.dtu.dk
4Department of Civil Engineering, Technical University of Denmark, Building 204,
DENMARK, gunki@byg.dtu.dk

Abstract
The aims of this study were to (I) compare the removal efficacy of Cu and As from a

soil and  soil fines from the same soil by the electrodialytic remediation technique in suspen-
sion, and (II) to investigate the optimal remediation condition for soil fines as a function of
current intensity and liquid to solid ratio (L/S). Six treatments were conducted with different
soils, L/S and current intensity, and the duration of the experiment was between 5 and 22
days. Among treatments, the highest removal efficiency was obtained in soil fines with 5mA
current and with L/S 3.5 in a treatment lasting 22 days where 96% Cu and 64% As were
removed. In the direct comparison between original soil and soil fines with exactly the same
charge transfer, 38 mg Cu and 72mg As were removed from the original soil and 64 mg Cu
and 157 mg As from the soil fines, corresponding to removal efficiencies from the original
soil of 59% Cu and 56% As and in soil fines 32% Cu and 35% As.

Key words: Electrodialysis, heavy metals, soil remediation, original soil, soil fines
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The objectives of the present study are
to (1) compare the removal efficacy of Cu
and As from the original soil and from soil
fines from the same soil by electrodialytic
remediation technique in suspension, and
(2) to investigate the optimal remediation
condition in soil fines. Influence of L/S and
current are identified as important, basic
parameters (Jensen et al., 2007), and there-
fore this work focuses on elucidation of
remediation dependency on these.

Materials and Methods
The soil was sampled from the top

layer on a Danish site, which was highly pol-
luted from a former wood preservation plant.
Wood preservation took place at the site for
40 years. During the whole period the
impregnation was performed with Boliden-
K33 which is a CCA-oxide containing CuO,
CrO3 and As2O5. The site is polluted with
Cu, Cr, and As, but because the Cr concen-
tration in the studied sample was well below
the Danish limiting values (240 mg/kg in the
experimental soil and 500 mg/kg limiting
value), Cr is not a target pollutant in this
investigation. Cu and As are the pollutants
in focus. The soil was air dried in the labora-
tory before use in the electrodialytic experi-
ments. The soil was sieved and only the sizes
< 2 mm were used. The term "original soil"
is used for < 2mm soil particles. The "soil
fines" were obtained by wet-sieving of the
original soil with distilled water through a
0.063 mm sieve. Dry soil fines were obtained
by evaporation of water on heating plate at
non-boiling condition. The original soil was
contaminated by 570 mg Cu/kg and 1180
mg As/kg, and the soil fines was contaminat-
ed by 2050 mg Cu/kg and 4600 mg As/kg.
The electrodialytic experiments were con-
ducted in cylindrical cells, shown in
(Ottosen et al., 2009). The cells were made
from polymethyl methacrylate. The cell had
an internal diameter of 8 cm. The length of
the central cell compartment was 10 cm and

the length of the electrode compartments 5
cm. The ion exchange membranes separat-
ing the central compartment and electrode
compartments were commercial mem-
branes from Ionics (anion exchange mem-
brane AR204 SZRA B02249C and cation
exchange membrane CR67HUY N12116B).
Platinum coated electrodes from Permas-
cand were used. A power supply (Agilent
E3612A) was used to maintain a constant
current. To investigate the comparison
between original soil and soil fines and the
influence of current intensity and liquid to
solid (L/S) on remediation efficacy of soil
fines, 6 electrodialytic remediation experi-
ments were performed as listed in Table 1. In
Table 1, L/S 3.5 corresponds to 350 ml dis-
tilled water and 100 g soil, and L/S 7.0 to 350
ml distilled water and 50 g soil.

Results and Discussion
An overview of the results from the

electrodialytic remediation experiments is
given in Table 2. The final concentrations of
Cu and As in the soil at the end of each treat-
ment are also given with standard devia-
tions. The mass balance of an element is
defined as the relation between the sum of
mass found in the different parts of the cell
at the end of the experiment and the initial
mass calculated on basis of the mean initial
concentration. As we can see, the range of
mass balance is from 94% to 138%, which is
an acceptable range for an inhomogeneous
industrially polluted soil. The removal effi-
ciency for each element is calculated as mass
of the actual heavy metal in the electrode
parts divided by the total mass found in all
parts of the cell at the end of the experiment.
Among the treatments, the highest removal
efficiency is observed in T4 both for Cu and
As. On the contrary, the lowest efficiency
was obtained in T6. The soil suspension was
automatically acidified during every experi-
ment (Fig. 1) as described in (Jensen et al.,
2007).

Table 1. Experimantal design
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The T1 and T3 are the direct compari-
son between original soil and soil fines with
the same mass of charge migration and L/S,
and we applied 2.5 mA constant current in
original soil to avoid the over load of charge. In
this comparison, the removal efficiency in T1
is much higher than in T3, but the actual
mass of removed Cu and As is reversed. There
were 38 mg Cu and 72 mg As removed in orig-
inal soil and 64 mg Cu and 157 mg As
removed from the soil fines. The results of T2
and T4 which were performed with the origi-
nal soil and soil fines respectively and L/S and

current the same but duration different
demonstrate a significant difference on reme-
diation efficacy between them.  The removal
efficiency of Cu and As is 36% and 44% in
original soil and 96% and 64% in soil fines,
respectively. Actually, it was not possible to
maintain the current of 5 mA the ions in orig-
inal soil (T1) for more than 10 days as the
resistivity increased so much that the maxi-
mum voltage of the power supply was reached
(137 V), and then this experiment was termi-
nated. In T5, the current was increased to 10
mA compared with the 5 mA in T4. 

Figure 1. pH in the soil suspension

Table 2. Co and As concentrations in soil after treatment
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However, the free ions in soil fines
could not maintain the 10 mA constant cur-
rent. This experiment is an example of the
utmost consequence of forcing too much
current over the system: the lack of ions
became pronounced. As a result resistance
increased dramatically, and the constant
current could not be maintained. Further-
more, the L/S ratio was increased to 7.0 in
experiment T6 compared to 3.5 in experi-
ment T4. In T6, the lowest removal efficien-
cy both for Cu and As was observed, but the
pH decreased to the lowest value at the end
of this experiment. This can be attributed to
an expected effect of acidification, the exper-
iment with the longer acidification-time
(T4) shows better remediation efficacy than
that with very fast acidification (T6), and in
the search of the optimal remediation condi-
tions, it is not necessarily the fastest acidifi-
cation which is preferential.

Conclusion
Comparison of Cu and As removal effi-

cacy between original soil and soil fines and
the investigation of optimal remediation
condition in soil fines were conducted in lab-
oratory cells by the electrodialytic remedia-
tion technique for treatment of soil suspen-
sions. The results showed that the range of
removal efficiency in the original soil and
soil fines were from 13% to 96% Cu and 1%
to 64% As. The initial concentration was
highest in the soil fines and a higher amount
was also removed from the soil fines though
the removal efficiency was lowest from the
soil fines. In soil fines, the constant current
could not be maintained in the treatment in
which 10 mA current was pressed, more-
over, in the treatment with high L/S 7.0 the
acidification was too fast and pH was very
low in the whole process which impeded the
transport of Cu and As. Among processing
parameters tested for remediation of the soil
fines, the highest removal efficiency was
obtained with 5 mA current and L/S 3.5 for
22 days.
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Abstract

Chemical stabilization is an effective in situ soil remediation technology for soils
contaminated with toxic elements. Red mud as a potential chemical stabilizing additive
was tested in a soil incubation model experiment. Soil samples were collected from the
neighborhood of an abandoned lead-zinc sulfide ore mining area (Gyöngyösoroszi). Sta-
bilizing substrate was given in 5% (m/m) to contaminated soil, and heavy metal fractions
extracted with nitrohydrochloric acid, Lakanen-Erviö buffer, acetate buffer and distilled
water were measured. The stabilizing ability of the substrate was confirmed. The appli-
cation of red mud significantly reduced the Cd concentrations in "mobile" and "plant
available" fractions by 21 and 15%. In case of Cu and Pb the concentrations in Lakanen-
Erviö fraction were reduced by 21% and 14%, while in "mobile" fraction 31 and 40%
reduction was measured. The zinc concentrations in "plant available" and "mobile" frac-
tions of contaminated soil were reduced by 17 and 28%, respectively. The red mud sig-
nificantly increased the concentrations of Ba in the soil. In growth chamber pot experi-
ment with sunflower (Helianthus annuus L., cv. NK Neoma) it was found that red mud
application significantly decreased the Cd, Cu, Ni, Pb, Zn accumulation in roots of sun-
flower by 40%, 25%, 26%, 19% and 25%, respectively. In shoots of sunflower 36% less
Cd, 9% less Cu, 2% less Pb, and 45% less Zn was found. Red mud acted beneficially on
sunflower growth, fresh weights of roots and shoots were enhanced significantly by 68%
and 38%, respectively. Because of lower heavy metal accumulation in plants we have
observed positive changes in microanatomy of sunflower.
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Abstract
Wetland soils and sediments often function as sinks of pollutants (e.g., Rinklebe et al.,

2007; Du Laing et al., 2009) what requires an adequate management strategy. Understand-
ing the main biogeochemical processes is an essential need within this context. Based on a
previous technique (Patrick et al., 1973), we developed an automatic biogeochemical micro-
cosm system which enables to control redoxpotential (EH) (or pH) over a wide range (Yu et
al., 2007).

This system was used to study the mobility of metals in various contaminated period-
ically flooded soils from along several rivers in Germany and Bolivia. We brought the EH
stepwise from a high (approx. +500 mV) down to a low level (-200 mV), increased and
decreased EH progressively again while measuring pH, dissolved metals, dissolved organic
carbon (DOC), and anions. Experiments reveal that EH, DOC, Fe2+, and pH are the most
important factors controlling the kinetics and dynamics of many metals. Using the auto-
matic biogeochemical microcosm system on flooded soils and sediments is capable of i)
assessing the mobility of hazardous materials released into the environment and ii) study-
ing pollution control processes such as kinetics and dynamics of metals and other hazardous
substances in soils and sediments. The more comprehensive understanding of driving forces
which can be achieved can serve as a basis for an adequate remediation strategy and allows
an appropriate risk assessment regarding the mobility of pollutants.

Key words: Heavy metals, arsenic, redox potential, dissolved organic carbon, automat-
ed biogeochemical microcosm system

Du Laing G, Rinklebe J, Vandecasteele B, Tack FMG. Trace metal behaviour in estu-
arine and riverine floodplain soils and sediments: a review. Science of the Total Environ-
ment 2009; 407: 3972-3985.

Patrick WH, Williams BG. Moraghan. A simple system for controlling redox potential
and pH in soil suspensions. Soil Sci. Soc. Am. Proc. 1973; 37: 331-332.

Rinklebe J, Franke C, Neue HU. Aggregation of Floodplain Soils as an Instrument for
Predicting Concentrations of Nutrients and Pollutants. Geoderma 2007; 141: 210-223.

Yu K, Böhme F, Rinklebe J, Neue HU, DeLaune RD Major Biogeochemical Processes
in Soils - A Microcosm Incubation from Reducing to Oxidizing Conditions. Soil Sci. Soc.
Am. J. 2007; 71: 1406-1417.



44115th ICHMET

HEAVY METALS IN SEDIMENTS AND REMEDIATION TECHNOLOGIES

Factors Affecting Metal Mobilisation 
During Oxidation of Sulphidic, Sandy Sediments

G. Du Laing1, T. Hanssen1, F.M.G. Tack2

1Laboratory of Analytical Chemistry and Applied Ecochemistry, Ghent University,
Coupure Links 653, B-9000 Ghent, BELGIUM, Gijs.DuLaing@UGent.be
2Laboratory of Analytical Chemistry and Applied Ecochemistry, Ghent University,
Coupure Links 653, B-9000 Ghent, BELGIUM, Filip.Tack@UGent.be

Abstract
Most metals accumulate as sulphides under anoxic conditions in sediments, reducing

their bioavailability due to the solubility of metal sulphides. However, upon oxidation of
these sulphides when the substrate is occasionally oxidised (e.g. in intertidal environments
or during drying of dredged sediments), metals can be released from the solid phase to the
pore water or overlaying surface water. This release can be affected by the presence of car-
bonates, organic matter and clay. To study potential effects of these factors, we compared
changes of Cd, Cu and Zn mobility (CaCl2 extraction) during oxidation of a carbonate-rich
and a carbonate-poor sulphidic, sandy sediment. In addition, we studied how clay with low
and high cation sorption capacity (bentonite and kaolinite, respectively) and organic matter
(peat) can counteract Cd, Cu and Zn release during oxidation of both carbonate-rich and car-
bonate-poor sulphidic sediments. Results of this study are discussed in detail by Du Laing et
al. (2010). CaCl2-extractability of Cu, a measure for its availability, was found to be low in
both carbonate-poor and carbonate-rich substrates, whereas its variability is high. The avail-
ability of Cd and Zn is much higher and increases when peat is supplied to carbonate-poor
sediments. A strong reduction of Cd and Zn extractability is observed when clay is added to
carbonate-poor sediments. This reduction depends on the clay type. Most observations
could be explained taking into account pH differences between treatments, with kaolinite
resulting in a lower pH in comparison to bentonite. These pH differences affect the presence
and characteristics of dissolved organic carbon and the metal speciation, which in turns
affects the interaction of metals with the solid soil phase. In carbonate-rich sediments, Cd
and Zn availability is lower and the effects of peat and clay amendment are less clear. The
latter can also be attributed to the high pH and lack of pH differences between treatments
(Du Laing et al., 2010).

Key words: Cadmium, Copper, Zinc, Sulphides, Mobilisation

Du Laing G, Hanssen T, Bogaert G, Tack FMG. Factors Affecting Metal Mobilisation
During Oxidation of Sulphidic, Sandy Wetland Substrates. In: Vymazal J (Ed.). Water and
Nutrient Management in Natural and Constructed Wetlands. Springer Science+Business
Media, 2010;in press.
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Abstract

The objective of our project was the in situ remediation of a Kastanozem in Geor-
gia highly polluted with Cd, Cu and Zn. A pot experiment with a top soil and soil amend-
ments was conducted at Justus Liebig University Giessen, Germany. Four soil amend-
ments were applied: elementary iron (Fe0), natural zeolith, Divergan® (a synthetic poly-
mer) and a biochar product. Each amendment was applied in various concentrations to 4
kg of the air dried soil (< 4 mm, pH 7.2 (0.01 M CaCl2)). The soil in the pots was mois-
tened to 60% of its maximum water-holding capacity and was incubated at 20°C in a
growth chamber for 5 weeks. After this time, soil samples were taken and spinach
(Spinacia oleracea L. cv. Falcon F1) was cultivated with eight plants per pot. Only nitro-
gen and boron were applied with 0.5 g N (NH4NO3) and 1.5 mg B (H3BO3) per pot, since
the other nutrients were in an optimum range. In all treatments 1 M NH4NO3-
extractable Cd was reduced compared to the control treatment. The strongest effects on
the reduction of 1 M NH4NO3-extractable Cd, Cu and Zn were measured in the Diver-
gan® treatments. Application of the soil amendments increased the spinach growth due
to a reduction of Cu and Zn toxicity. In comparison to the other amendments, the effect
of biochar on the chemo-remediation of Cd, Cu and Zn was less effective than Fe0,
zeolith or Divergan®. Furthermore, spinach growth was decreased in the treatment with
the highest Fe0 application, since a P adsorption was observed, too. In conclusion, Diver-
gan® seems to be a useful product for a short-time chemo-remediation of Cd, Cu and
Zn-polluted soils.
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Introduction
Due to industrialization history of cen-

tral European river catchments floodplain
soils and sediments are still strongly con-
taminated with heavy metals (HM). An
exceedance of threshold values can often be
observed. Despite of scientific progress the
HM-dynamics of floodplain soils are still not
very well known due to the prevalent chang-
ing hydrological conditions. In own field,
lysimeter and bio-geochemical microcosm
studies, it was apparent that the functional
relationships among the investigated site
parameters tend to show similar pattern
(Rupp et al. 2010). But especially under nat-
ural conditions in field experiments it did
not become clear which processes happen in
detail as they are often characterized by com-
plex, varying factors and process interfer-
ences. Multivariate analytical techniques
offer the opportunity to analyze several
parameters that influence metal mobiliza-
tion in soils in one step. Furthermore it is
possible to group the parameters depending
on their functional reactions.

The ordination of this processes and
the behavior of HM concerning the environ-
mental parameters is one step forward on
the way to describe and understand the
underlying processes in detail and a precon-
dition to quantify the influences of the differ-
ent parameters. On that basis it will be pos-
sible to develop useable management and
remediation strategies for the polluted sites.

Methodology
Study site
The study site SD 32 is near Schönberg

/Deich (Saxony-Anhalt/Germany) in the mid-
dle course of the Elbe River (435-440 km,
German mileage). The area is used as mead-
ow for cattle. The site is located in a flood
channel and the soil was classified as Gleyic
Humic Fluvisol according to
IUSS/ISRIC/FAO (2006). The study site is
characterized by high contamination of
heavy metals (Table 1).

Experimental set-up
In January 2009 two lysimeter vessels

were used to cut soil monoliths in-situ from
the experimental site. For the extraction of
the soil monolith a rotary milling tool was 

Dynamics of Heavy Metals in Floodplain Soils - A Case Study Based
on Field and Lysimeter Experiments

S. Bolze1, H. Rupp2, R. Meißner3

1Helmholtz-Centre for Environmental Research - UFZ, Lysimeterstation Falkenberg,
Dorfstrasse 55, 39615 Falkenberg, Germany, sebastian.bolze@ufz.de
2Helmholtz-Centre for Environmental Research - UFZ, Lysimeterstation Falkenberg,
Dorfstrasse 55, 39615 Falkenberg, Germany, holger.rupp@ufz.de
3Helmholtz-Centre for Environmental Research - UFZ, Lysimeterstation Falkenberg,
Dorfstrasse 55, 39615 Falkenberg, Germany, ralph.meissner@ufz.de

Abstract
The article shows the application of multivariate analytical techniques on heavy metal

concentration in floodplain soils of the central River Elbe in Germany. We used a CCA to
divide the metals in functional groups and to show which parameters mainly influence these
different groups. We used for this approach also different levels in scale and time - field and
lysimeter experiments.

Key words: floodplain, heavy metals, As, redox potential

Table 1.: Maximum concentration of heavy
metals in soil solution from test site in 15cm
depths and thresholds according to German
soil protection act (BBodschV, 1999) for path
soil-groundwater in µg * l-1.
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used (Meissner et al. 2005) to avoid structur-
al changes and damages of the monolith. The
lysimeter have a diameter of 30 cm and a total
height of 90 cm whereas 15 cm at the bottom
are used as filter layer. On the top of the soil
monolith is 5 cm space to permit flooding. We
installed an integrated tube at the bottom of
each lysimeter to control the groundwater
level inside the vessels. The lysimeter are
equipped with suction cups in depths of 10
and 30 cm b.s.l. to gain soil solution, temper-
ature and redox probes. We gather soil solu-
tion twice a week, while all other parameters
are logged in 15 min intervals. During the
experiments different water levels were adopt-
ed. We started with fluctuating water levels
from June 2009. Between August 2009 and
November 2009 the lysimeter were flooded.
This was followed by a dry period with water
level 40 cm below soil surface until February
2010. Since then the water level is alternating
between flooding and 40 cm below surface in
an interval of three weeks.

A soil hydrological measurement facil-
ity at the field site was installed in 2005.
Therefore suction cups, temperature and
redox probes were installed in three different
depths (15, 45 and 85 cm below soil surface)
and three replicates. Soil solution sampling
was carried out discontinuously once per
week unless the Elbe River gauge is too high
to reach the site or no soil solution can be
gathered because of frost or dryness. The
other parameters were continuously logged
unless the data logger had to be de-installed
because of very high flooding. The data used
for this analysis was collected between Jan-
uary 2005 and June 2008. 

Chemical analytics
One subsample of infiltrated soil solu-

tion was acidified with HNO3 for heavy
metal analysis. The metals concentrations
were determined by mass spectrometry with
inductively coupled plasma (ICP-MS; Agi-
lent 7500 Series). 

The other subsample was used for
measurement of total organic carbon (TOC)
which is almost comparable to DOC owing
to the fact that the suction cups themselves
filter to < 1µm. DOC was analyzed by a car-
bon analyzer (DIMA-TOC 100, Dimatec,
Germany); the pH was measured by an elec-
trode (Dr. Lange, Germany).

Statistical analytics
The data were ordinated with the mul-

tivariate analysis technique of Canonical
Correspondence Analysis (CCA, Ter Braak

1986) to describe underlying patterns of
mobile heavy metal concentrations. In the
forefront of CCA we tested the statistical
influence of the environmental parameter on
HM via Pearsons rank correlation (not
shown here). The used parameters were cho-
sen via a forward selection to be sure to use
only parameters which have a significant
influence on the ordination. The correlation
coefficient was calculated with ORIGIN 8.1
(OriginLab Corporation. Northampton,
USA). The CCA was carried out with
CANOCO 4.52 (Biometris - Plant Research
International. Wageningen, The Nether-
lands).

Preliminary results and discussion
Figure 1 shows the CCA results for the

field data. The total inertia of this analysis is
0.141. The x-axis has an eigenvalue of
0.056, which means a describing of 39.6% of
the total variance within the HM-dataset. 

Figure 1: CCA biplot for the SD 42 in 15 cm
depth. 

Figure 2: CCA biplot for the lysimeter in
10 cm depth. 
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The eigenvalue of the y-axis is 0.028.
The first two axes are describing together
59.7% of the HM concentration variation in
the soil solution in 15 cm b.s.l.

In figure 2 the biplot for the CCA of the
lysimeter data for the depth of 10 cm is
shown. The x-axis has an eigenvalue of
0.089. As the total inertia of this CCA is
0.174 this means that 51.2% of the Variance
within the HM-values is described by the
first axis. The y-axis has an eigenvalue of
0.018. So the first two axes describe 61.4%
of the total variance of the HM concentra-
tions.

The cumulative explanatory power of
the first two CCA axes shows nearly identi-
cal values. By having a closer look it becomes
obvious, that the first axis for the lysimeter
data is more powerful than the one for the
field data. Especially by comparing the ratio
between both axes of each particular CCA
shows significant differences. The y-axis for
the lysimeter has only 17% of the explanato-
ry power of the x-axis. The y-axis of field data
CCA has in contrast an explanatory power of
50% of the x-axis. Furthermore, the axis in
Figure 2 shows for the lysimeter a broader
range than for the field data. This indicates a
larger dissimilarity of the HM concentra-
tions between the several soil water sam-
plings.

The pattern displayed in the two
biplots looks nearly similar. All HM are
more or less placed around the point of ori-
gin, except Co. Co is located at the right side
close to the x-axis. Moreover it is obvious,
that some HM can be grouped based on their
position. In both graphs Cd and Zn and As
and Cr respectively are located close to each
other. The CCA of the field data plotted also
Cu and Pb close to each other while for the
lysimeter data Cu and Pb are nearby. Pb is
also the only element which was appreciable
relocated between both CCAs.

The arrows of the environmental
parameter show also similar pattern in both
analyses. Especially Mn is nearly the same in
both biplots. Water level, DOC, Sulfide und
T show also a similar direction even thought
the length of the arrows are different. Unlike
directions of the arrows are only visible for
Al. Eh shows this as a light trend also for the
y-axis. 

Against the assumptions of the
authors the explanatory power of the CCA is
due to the general grouping of the HM
around the point of origin limited. The

adjustment of HM along the first axes is
mainly affected by Mn-concentration and Eh
(especially in lysimeter). The second axes are
mainly dominated by water level (lysimeter)
and sulfide (field). But, particularly the inter-
pretations of the second axes are hardly pos-
sible since no long gradients in metal distri-
butions exist.

A major problem in these analyzes are
apparently the interactions between differ-
ent environmental parameters. These inter-
actions cover the interrelation of the metals
with the parameter and each other. Ordina-
tion methods as CCA are not able to identi-
fy such interactions. For this purpose other
methods like multiple regressions are useful
(Leyer & Wesche, 2007).

Conclusions
CCA as analytical method seems to be

of limited value for this dataset. Indeed it is
possible to identify some basic pattern in
metal distribution (like grouping of As and
Cr or Cd and Zn). But an interpretation of
the behavior of the investigated metals
seems to be only slightly possible due to the
marginal differentiation along the generated
axes. Since all metals except Co are located
around the point of origin the assessment of
a gradient that explains the distribution in
the diagram is hardly feasible. One possible
reason for this shortcoming could be the
interactions within the environmental
parameters which is not detectable with
ordination methods. As a next step forward
the influences of multiple environmental
parameters on single metals will be analyzed
by multiple regressions.
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Introduction
Aquatic ecosystems are exposed to

constant human pressure. Different types of
contaminants occur in the various compart-
ments of surface waters, the most stable
among them being heavy metals. Neverthe-
less, it is the metals deposited in the bottom
sediments that are of enormous significance
as regards the ecological and chemical state
of waters. The concentrations and species in
which heavy metals occur are the basis for
assessing the threats from the secondary
contamination of waters due to their toxici-
ty, bioavailability, possible migration, accu-
mulation and biomagnification.

Advanced eutrophication has become a
world-wide problem which calls for actions
involving reduction of wastewater discharge
to lakes and some complementary technolog-
ical measures. The aerator is capable of mov-
ing freely on the lake surface (within an area
delimited by the length of the anchor line)
and transporting the aerated water down to
the near-bottom zone. The near-bottom
water flows through the aerator via hoses (ris-
ers) according to the principle of connected
vessels. (Konieczny and Pieczyński, 2007). 

The determination of the chemical
species of compounds present in aquatic
ecosystems, both in solution and in the bot-
tom sediments, carried out in the context of
the bioavailability of the various species and

their forms of occurrence, can supply data
that are essential for the assessment of
threats to the environment. The toxicity of
elements, as well as the presence or absence
of synergism and antagonism with respect to
other elements, and hence their positive or
negative effects on the functioning of living
organisms, depends on the species in which
they occur. In discussions on the problems of
contamination it is therefore important to
differentiate between particular oxidation
states and the forms of occurrence of metals,
not only at the instant they enter the environ-
ment, but also during their migrations and
transformations in its different compart-
ments (Namieśnik and Rabajczyk, 2010).

Materials and methods
Kielecki Bay is located in the North

part of the city of Kielce. It was formed by
closing the Silnica River valley by a weir of
180 km in width along Jesionowa Street and
is located in the 8 km of Silnica River and is
used for recreational purposes only. The
reservoir covers a surface of 17.882 km2 and
despite not so huge volume (170,000 m3) it
changes water circulation in this part of Sil-
nica catchment causing flattening of high
water stage waves and increase of evapora-
tion. The largest area covering almost a half
of the land is afforested. Meadows, pastures
and lawns constitute the second largest area.

Reservoir Recultivation Versus Forms of Heavy Metals 
in Sediments Based on the Kielecki Bay Example

A. Rabajczyk

Independent Department of Environment Protection and Modelling, The Jan
Kochanowski University of Humanities and Sciences in Kielce, Poland,
chromium@tlen.pl

Abstract
Kielecki Bay area is the water basin located in Kielce city zone. It determines usage of

areas around the basin for recreational, housing and industrial purposes. Additionally, state
road towards Łódź city located nearby being a source of transportation pollution, also heavy
metals. The basin is supplied by watercourse, which receives municipal wastewater from
Masłów town located near Kielce. Amount and diversity of organic and inorganic com-
pounds getting into basin influences heavy pollution of Bay waters. To reduce the degree of
reservoir pollution, the pulverizing aerator was installed in the middle of Kielecki Bay in
May 2008. Sediments samples collected at a depth of 0-20 cm since July 2008 to May 2010
from five points located in littoral zone of the recultivation area. Environmental samples
underwent 5-stage Tessier's (1979) sequential extraction procedure supported by microwave
radiation. The concentrations of trace metals Zn, Cu, Ni, Cr, Pb, Mn, Fe and Cd in the var-
ious extracts were determined using F-AAS and GF-AAS. A high concentration of analytes
in reservoir sediments was indicated on the basis of the results.

Key words: pulverize aerator, bay waters, speciation, heavy metals, sediments
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The lowest share of 1.1 % is occupied by
exploitation hollows and spoil-heaps result-
ing from building works at the bay (Rabajczyk
and Jóźwiak, 2008).

Activities in the field and laboratory
tests were carried out since July 2008 till
May 2010 in 5 stands located around Kielec-
ki Bay, where 1st, 2nd and 5th point are in
reservoir section on which an aerator moves.

The test material consisted of bottom
sediment samples from depths down to 20
cm taken at 5 sites since July 2008 to May
2010 in accordance with the following stan-
dard PN-ISO 5667-15:2004. Sampling could
thus be standardized, thereby eliminating
accidental errors at this step. 

Figure 1. Scheme showing the procedure for solid environmental samples. 
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The sediment samples were dredged
from the bay channels in those spots where
suspended particulate matter is deposited.
The sediments were sampled with an
Ekman-Birge grab. Because of the frequent
multicomponent determinations of trace ele-
ments on the same samples, stainless steel
sampling tools and sieves, and polyethylene
bags and bottles were used. In addition, one
in ten samples was duplicated, so that analy-
ses monitoring the study could be carried out.
Blank samples, making up > 3 % of the total
number of normal samples, were taken to
determine the practical limit of detection.
This sediment material was then subjected
to further preparatory processing - dissolu-
tion and extraction - in accordance with the
scheme shown in Figure 1. 

The samples were digested with differ-
ent solution in a microwave oven (Anton-
Paar PE Multiwave 3000) and stored until
analysis. Each solution obtained after the
various sequential extraction steps and also
after mineralization with conc. HNO3 was
analysed for its heavy metal content using
Atomic Absorption Spectrometry (AAS) -
Savanta made by GBC equipped in a flame
(air - acetylene) and graphite dish. 

Quality assurance of analytical results
was carried out by checking the reliability of
the measuring instruments and the range of
applicability of the analytical procedure, and
also by calibrating the procedure periodically
with the aid of mixtures of standards. The
reliability of the entire analytical procedure
was monitored in two ways: by adding a
standard to the assayed sample and by using
CRM of bottom sediments CMR 320. 

Results
The pH of the water samples varied

from 7,11 (3rd) to 8,13 (5th). Worth noting is
the basic nature of the waters from the 5th
sample point (pH = 8,13) and 2nd sample
point (pH = 7,27-7,98): In bottom deposits
from Kielecki Bay, the total amounts of met-
als determined were in the range [mg kg-1]:
zinc from 11 to 98; copper from 1.4 to 35;
nickel from 2.3 to 37; chromium from 3.7 to
168; lead from 56 to 324; manganese from
122 to 940; iron from 2500 to 18320; cadmi-
um from 3.2 to 27. The distribution of met-
als in the various bottom sediment at the
other sampling points is different (Fig. 2).

Discussion
The monitoring and analysis of the

state of contamination of the Kielecki Bay is

of great significance as regards carrying out
the tasks set out in the Framework Water
Directive and the danger of the flood hazard.
There are no natural sources of heavy metals
contamination due to the bedrock in the
catchment areas of these rivers. The pres-
ence of heavy metals in these aquatic ecosys-
tems is therefore solely the consequence of
human activities. A high pH (2nd and 5th
points) causes poorly soluble compounds to
precipitate, including the carbonates and
phosphates of heavy metals, which reduces
the concentrations of these analytes in the
water. The total metal content in the bottom
sediment constitutes evidence for the depo-
sition of anthropogenic loads of analysed
metals in it. However, the rate of metal
migration to the water may rise in the pres-
ence of organic compounds or carbonates, or
when high temperatures prevail. The invari-
able functioning of the ecosystem may be
additionally threatened by the discharge of
sewage, as well as acid rains and surface run-
off, which may increase the acidity of the bay
water, and consequently the solubility of
heavy metals compounds bound up in the
sediment. The pulverizing aerator (installed
in the middle of Kielecki Bay) influences on
the pH water samples, but does not influ-
ence on the forms of heavy metals in bottom
sediments. 

Conclusions 
Investigations showed, that:
- the recultivation of the reservoir with

pulverizing aerator does not give the result,
- the quantity of analysed heavy metals

increases in bottom sediments,
- the distribution of metals in the vari-

ous bottom sediment at the other sampling
points is different, 

- in the all sampling points: from
among analysed metals only a few were
detected in fraction I (comprising exchange-
able metal cations), and these were first of all
Mn, in less amount Fe, Pb, Zn and Cr,

- in the 4th sampling point: the most of
the Zn, Cd and Pb occurs in the II and V frac-
tions, while the most of Cu, Ni, Cr, Mn and
Fe occurs in the fraction IV,

- in the 1st, 2nd, 3rd and and 5th sam-
pling points: the most of the Zn, Cu, Cr and
Pb occurs in the IV fractions, while the most
of Ni, Cd, Mn and Fe occurs in the fraction V,

- if an aerator can not provide enough
oxygen in the water (create anaerobic condi-
tions, the pH value decreased or the changes
of the ion type-matter of water) -  can cause 
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of the secondary pollutions of the reservoir.

References
Konieczny R., Pieczyński L., Deter-

mining the energy of a wind rotor In a pul-
verizing aerator system, TEKA Kom. Mot.
Energ. Roln. - OL PAN, 2007;7A: 46-51.

Namieśnik J., Rabajczyk A., The speci-
ation and physico-chemical forms ofmetals
in surface waters and Sediments, Chem.
Spec. Bioavail., 2010; 22(1): 1-21.

Rabajczyk A., Jóźwiak M., Littoral
zone flora versus quality of kielecki bay

waters, Ecol. Chem. Eng. A, 2008; 15(12):
1359-1368.

Tessier A., Campbell P., Bisson M.,
Sequential extraction procedure for the spe-
ciation of particulate trace metals, Anal.
Chem. 1979; 51(7): 844-851.

Acknowledgements
This work is financed in part of work

by the State Committee for Scientific
Research (KBM); grant No. N N305 306635
and by The Jan Kochanowski University of
Humanities and Sciences in Kielce, No.
143/w.

a)

c)

e)

g)

b)

d)

f)

h)

Figure 2. Species of heavy metals contained (mean values) in the sediment samples [mg�kg-1
dry matter] in respective sampling points of Kielecki Bay; where a) Mn, b) Zn, c) Cu, d) Ni,
e) Cr, f) Pb, g) Fe and h) Cd.
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Introduction
Mining of sulphide ores poses threats to

the environment by oxidation, acidification
and release of metals to adjoining water bod-
ies. This may seriously disturb the food web
in lakes and streams, decreasing the biological
diversity and cause accumulation of toxic
metals in top predators. Via fish, metals could
be transferred to humans. In Sweden there are
two major sulphide mining areas, one in Cen-
tral Sweden with the Falu copper mine that
has been mined for more than 1000 years and
the other is the Skellefte ore-field in Northern
Sweden. In general the effluents from mining
waste is discharged into rather large catch-
ments neutralizing most of the acidity and
leaving mostly more mobile heavy metal ions
in the water like zinc and cadmium. The eco-
logical effects on fish populations have been
moderate and sometimes positive. In the lake
Saxen with a zinc concentration past 1 mg/l
the mercury content in pike was about 1/10 of
what could be expected (Lindeström and
Grahn, 1982). In the Skellefte ore-field min-
ing has been going on since the 1920:s. Alto-
gether about 60 M tons of ore has been mined
and a similar amount is expected to occur

above the depth of 700 m below ground.
About 40 M ton of waste sand is deposited at
mine sites and in addition to that large quan-
tities of sulphidic waste rock. Lake Hornträs-
ket is the largest lake that has suffered extinc-
tion of fish population due to mining waste. 

The aim of this article is to sum up the
work done to restore Lake Hornträsket. It cov-
ers the process from assessing the problem via
remediation efforts to a prediction of the like-
lihood of success. 

Materials and Methods
Lake Hornträsket is a headwater lake

having an area of 6.6 km2 situated in a catch-
ment covering 36.6 km2 (Fig. 2). The catch-
ment hosts three abandoned sulphide mine
sites. Over a period of 27 years the lake has
changed from having and abundance of pike,
perch and whitefish to become more or less
biologically dead. The results of standardized
test fishing on three occasions are seen in fig.
1. A number of measures were taken to arrest
the leaching of metals from two of the mine
sites. At the Rävlidmyran mine site where 6.8 
M ton of ore was mined an open pit lake  was
created of the mine opening (Ramstedt et al.,
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Abstract
A major release to surface water of heavy metals in Sweden is derived from oxidation

of sulphidic waste- sand and wasterock. The lake Hornträsket in Northern Sweden has
experienced a gradual loss of fish over the last three decades caused by leaching from aban-
doned Zn-Cu-mines. In 2002 a semi-quantative budget was brought forward which indicat-
ed one of three abandoned Z-Cu-mines as the major source of metals to the lake. Cu has
been identified as the main toxicant and the proximity of the Hornträsk mine to the lake
allows little retention of Cu before the drainage water reaches the lake. Several remediation
measures have been tested and found to be partially successful such as diversion of drainage
from upstream unpolluted runoff and neutralization of the coarse sulphidic waste rock by
injection and sprinkling with mesa-chalk, a waste product from paper mills. This has result-
ed in decreasing levels of heavy metals in the lake and notably of Cu-concentrations.
Removal of sulphide ore from some hotspots have been found necessary. It is expected that
the fish population will recover in 5-10 years as a result of the remediation. 

Key words: Mining, heavy metals, lake, fish, copper, liming
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2003); Lu, 2004). At the Hornträsket mine
where 0.9 M ton was mined, the waste rock
was used to fill up the three open pit mines
and covered with a thin till cover. The third
Granlunda mine is small and no remedial
measures were taken. However, there is an
extensive bog between the mine and the lake
which is likely to adsorb any leached metals.
In spite of the measures taken the water
quality deteriorated rapidly mirrored in the
decline of the fish population (Fig. 1). 

Figure 1. Fish inventories in Hornträsk lake

Sampling has been done in more or less
all the brooks and ditches feeding the lake
and in a number of piezometers at mine
sites. This investigation resulted in a semi-
quantitative metal budget for the lake. The
water budget was based on meteorological
and hydrological data for the region. The dis-

tribution of metals in the lake was investi-
gated by the installation of DGT probes from
the ice in the late winter period and collected
after three weeks. 

The neutralization requirement of the
mine waste was determined on mud from per-
cussion drillings at a number of sites in the
Hornträsk mine area. Dolomite and mesa-
chalk, a waste product from paper mills, was
mixed in different proportions with drilling
mud and left standing until the pH was stable
Sewage sludge was used in some treatments,
mixed into the mesa-chalk slurry.

Results
The semi-quantitative budget showed

that the Hornträsk mine was the major
source of heavy metals to the lake. At Rävlid-
myrgruvan the open pit lake does restrict
oxidation (Ramstedt et al., 2003; Lu, 2004)
and a sizeable retention occurs in wetlands
before the drainage reaches the lake. The
Hornträsk mine is situated close to the lake
shore and part of the drainage water reaches
the lake just after a few metres passage. The
budget indicates a sizeable leaching from
soils outside mining areas. This could come
from the metasediments in the centre of the
catchment (Fig. 2) which have sulphur con-
tents in the order of 0.5-1 %. They are con-
siderable sources of arsenic mobilized under
reducing conditions in wetlands (Jacks et al.,
2010). The arsenic is however largely
retained in the streams where sandy sedi-
ments contain 200-400 mg/kg of As (Jacks et
al., 2010). Much of the arsenic in streams
and lakes is tied up to organic matter and
colloidal ferric iron (Baur and Blodau, 2009).

Figure 2. Geology and mine sites in the Hornträsk catchment.
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From the relative concentrations the
heavy metals found in the lake it is clear that
the major threat to the aquatic fauna is Cu
(Pierce and Spear, 1979; Bossuyt and
Janssen, 2004). Zn can even have positive
effects, decreasing mercury levels in fish
(Lindeström and Grahn 1982). The metal
budget indicated that the Hornträsk mine

Figure 4. Effect of mesa-chalk treatment of
open pit areas N and G.

was the major source of Cu. Thus remedia-
tion measures have been focused on the
Hornträsk mine.

The sulphide waste areas had non-
conta- minated upstream areas which how-
ever caused an increased through-flow in the
sulphidic waste material. Thus a first meas-
ure was to channel this drainage aside the
sulphide areas (Fig. 3). This decreased the
through-flow of the sulphidic waste by about
60 %. The second measure was an effort to
neutralize the waste rock. It was first done by
injecting mesa-chalk into wells installed in
the waste rock. This worked well in the old
open pit areas N, G and E (Fig. 3 and Fig. 4)
but not in area P (Fig. 3) where it has later on
been confirmed that ore has been stored.
The alternate strategy was to sprinkle mesa-
chalk slurry over this and other areas. The
effect was good except again for the K6 spring
discharge in the P area. The reason has been
identified as hot spots of sulphide ore that
has been localized by a dense network of
piezometers. 

Figure 3. The Hornträsk mine site with sulphide contaminated areas and drainages.
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Figure 5. Totat Cu concentrations in the
lake. Even before 1980 there were episodes of
high Cu causing fish death.

The Cu concentrations in fig. 5 are
total filterable concentrations. The DGT
measurement indicates that the free toxic
Cu concentrations are in the order of 40 % of
these concentrations. If the total concentra-
tions can be brought down to about 25 mg/l
there is likelihood that most of the biological
diversity in the lake can be restored (Baur
and Blodau, 2009).  

Conclusions
A lake lost its fish population through

past episodes of metal discharge and a grad-
ual increase of heavy metal discharge from
1995 to 2003 when remedial measures start-
ed. Cu was identified as the main toxic metal
to the lake fauna and the Hornträsk mine
was through a semi-quantitative metal budg-
et identified as the major source of Cu to the
lake. The remedial measures have included
diversion of upstream inflow to the sulphide
waste rock areas and neutralization of the
waste rock by mesa-chalk, a waste product

from paper mills. The injection of a slurry
into wells worked well in the filled up open
pits while it failed in an area where waste
was deposited on peat, decreasing the perme-
ability. This area also contains hot spots of
sulphidic material which will be removed.
The measures have decreased the lake con-
centration of Cu from 140 mg/l to 50 mg/l.
The free Cu concentrations are in the order
of 20 mg/l. It is expected that the exchange of
water in the lake combined with the last
measures, i.e. removal of a few hot spots of
sulphidic waste will allow the recovery of the
fish population within the coming 5-10
years. 
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Phytoremediation Efficicency of Certain Indigenous Planted Species
on Contaminated Coal Mine Spoil 

in Dry Tropical Environment, India 
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Abstract
Heavy metal contamination by mining is an anthropogenic concern. Phyto- extraction

of heavy metals in degraded contaminated mine spoil habitats depend upon the quality and
efficiency of certain desirable woody plant species that could be able to remediate soil con-
tamination. Present study was conducted in a dry tropical region of India where mining is
one of the serious problem, degrading precious forests with unprecedented rates. 

In this study, total concentration of heavy metals (Cadmium, Chromium, Copper,
Iron, Lead, Nickel, Manganese and Zinc) were estimated under 5-yr old plantations of four
woody species (Albizia lebbeck, Albizia procera, Tectona grandis and Dendrocalamus stric-
tus) in different locations at same research site. Data recorded in this study were compared
with other unplanted coal mine spoil colliery, which were around to the study site and
adjoining area of dry tropical forest. Among all heavy metals, maximum concentration was
found for Iron (Fe) and minimum for Cadmium (Cd) in the mine spoil. Among species, low-
est concentrations of heavy metals were accumulated by T. grandis except for Fe, while high-
est in A. lebbeck except Zinc (Zn). Maximum concentration of Fe and Zn was found in D.
strictus and A. procera plantation.

In conclusion, A. lebbeck, A. procera and D. strictus showed better efficiency for reduc-
ing heavy metal concentrations while T. grandis was less effective, confirming that each
species have different degree of phytoremediation efficiency. Role of woody plant species
(trees and shrubs) for phytoremediation purposes (viz.: heavy metals, pesticides etc.) in trop-
ical region is not well documented. This is a preliminary report; however, an advanced study
is currently needed to understand the mechanism of phytoremediation as it has been con-
sidered a cost-effective and more stable technique than other rehabilitation/remediation
procedures reported to date. 

Key words: Phytoremediation; Coal mine spoil; Heavy Metals; Soil redevelopment
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Introduction
Sydney Harbour, Nova Scotia like

many other urban marine inlets, has long
been used as a waste disposal area. In partic-
ular, it has been subject to atmospheric and
effluent inputs of contaminants, including
metals and polycyclic aromatic hydrocar-
bons (PAHs), from the Sydney steel plant
and coke ovens (Figure 1) since the 1890s. A
fraction of coal tar residues discharged from
the coking ovens into Coke Ovens Brook
that settled in the "tar ponds" subsequently
reached the estuary of Sydney Harbour.
Since many PAHs and metals are particle-
reactive, these contaminants accumulated
in the sediments of the estuary. 

The tar pond that drains into Muggah
Creek is a repository for approximately 3500
tonnes of PAHs as coal tar, 3.6 tonnes of
PCBs (derived from the usage of electrical
equipment in the steel plant) and heavy met-
als. Within the estuary, the highest PAH

concentrations have been reported for the
South Arm with concentrations decreasing
towards the outer harbour.

Remediation of the tar pond using in
situ stabilization techniques is presently
underway, but environmental issues regard-
ing the large contaminant inventories in the
sediments remain unresolved. One major
issue is the extent to which highly contami-
nated sediments deposited during periods of
peak industrial activities in the past are
undergoing natural containment by the pres-
ent deposition of cleaner sediments. If natu-
ral containment is sufficiently rapid and
effective, then it may not be necessary to
undertake large investments in capital and
resources to clean harbour sediments.  In
order to provide advice on this issue a DFO
project was initiated to use radionuclide
tracers to determine the time scales for the
historical accumulation of contaminants in
the sediments of Sydney Harbour and to 
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Abstract
Sydney Harbour in Nova Scotia, Canada has long been subject to discharges of contam-

inants, including metals and polycyclic aromatic hydrocarbons (PAHs), from a local coking
and steel manufacturing facility. The resulting large inventories of contaminants in the sed-
iments are undergoing natural containment by the continuous deposition of less contaminat-
ed material introduced following the closure of the facilities in the 1980s. Radionuclide trac-
ers (210Pb and 137Cs) have been measured in forty one sediment cores to determine time
scales for the historical accumulation of PAHs and other contaminants (PCBs, metals) in the
sediments and to predict future dated using the radionuclide tracers, 210Pb and 137Cs. Mea-
surements of the present rates of decline of sediment contaminant fluxes permit predictions
of future contaminant levels and more precise estimates of overall harbour remediation rates.
Metal contaminants such as Pb and As that were discharged prior to the closure of the steel
facilities, are cycling through depositional regimes in the harbour on time scales of 10-15
years, but their concentrations in recently deposited sediments are gradually decreasing. As a
result, the main inventory of contaminants is being buried at a rate of 0.2-2 cm/y throughout
the harbour. Using a "systems time averaging" model, the future contaminant field has been
mapped for Sydney Harbour. It is predicted that surface sediment contaminant levels
throughout the harbour will fall below levels at which organisms are negatively affected by
their presence by 2030. These results suggest that despite the present day, high contaminant
levels in Sydney Harbour they represent a minimal long term, environmental threat provid-
ing the sediments are left undisturbed during the next 10-20 years. 

Key words: Heavy metals, sediments, radionuclides, contaminants
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predict future harbour remediation rates
through burial by fresh, cleaner sediments.

Materials and Methods
Sediment cores were collected at loca-

tions indicated in Figure 1 and analyzed for
radionuclides, metals and organic contami-
nants (Smith et al., 2009). Sedimentation
rates and geochronologies were determined
from 210Pb and 137Cs sediment depth dis-
tributions following the protocols outlined
in Smith (2001). Metal and organic contam-
inant concentrations were then plotted ver-
sus the date at which they were deposited for
cores that exhibited negligible mixing or bio-
turbation. The Pb and PAH distributions  in
a typical core from the harbour show initial-
ly elevated levels in 1900 synchronous with
the construction of the DISCO steel plant
which went into production in 1901 fuelled
by coke produced in the adjoining coke ovens
from the poor quality Cape Breton coal. Steel

production slowed during the depression of
the 1930s, but then increased rapidly during
the economic boom following World War II
resulting in related changes in Pb sediment
concentrations. The steel plant and coke
ovens were shut down in the late 1980s fol-
lowing the closure of the lobster fishery in
the South Arm due to elevated PAH concen-
trations measured within digestive glands.
As a result sediments deposited since 1988
have contained reduced levels of Pb and
PAHs.

Results and Discussion 
The spatial history of Pb and PAH con-

tamination of Sydney Harbour can be illumi-
nated by the construction of surface Pb con-
centration maps. These maps (Figure 2)
were determined from Pb data measured at
given time stratigraphic horizons (1900,
1920, etc.) for each of the 41 dated sediment
cores. The maps show the large increase in 

Figure 1. Steel mill and coking plants discharged wastes into the South Arm of Sydney Har-
bour via Coke Oven Brook, the tar ponds and Muggah Creek.  Sediment cores were collect-
ed at stations in Sydney Harbour and Muggah Creek. 
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Figure 2. Reconstruction of historical Pb surface concentration maps is based on Pb
geochronologies for sediment cores. Extrapolation of Pb concentrations to 2020 was esti-
mated from a transport model using a Pb time constant of 15 y (Smith et al., 2009).
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Pb concentrations that occurred during the
period from the 1940s to the 1980s in Syd-
ney Harbour sediments, particularly in the
South Arm near the steel plant and coke
oven outfalls. The maps also illustrate the
periods when Pb concentrations in specific
regions of the Harbour exceeded environ-
mental quality guidelines. For example, the
National Oceanographic and Atmospheric
Administration's (NOAA) effects range-low
(ER-L) corresponds to background concen-
trations below which the presence of con-
taminants has little chronic or acute effect
on benthic organisms and the effects range-
medium (ER-M) corresponds to levels above
which organisms are very likely to be nega-
tively affected by the presence of a contami-
nant. The ER-L and ER-M for Pb are 46.7
µg/g and 218 µg/g, respectively and corre-
spond to the blue and yellow contours in Fig-
ure 2. It can be seen that by 1960, Pb concen-
trations exceeded the ER-M (yellow contour)
in most cores from Sydney Harbour.  The
recent decline in Pb observed at most loca-
tions can also be extrapolated into the future
using a simple particle transport model com-
bined with 210Pb sedimentation rates
(Smith et al., 2009). These results show that
by 2020, Pb concentrations will have been
reduced below the ER-M at all locations in
Sydney Harbour by the simple burial of sur-
face sediments by fresher uncontaminated
material. 

Clearly, Sydney Harbour contaminant
inventories are undergoing natural contain-
ment by the continuous deposition of less
contaminated sediments. In the regions
closest to Muggah Creek, where sedimenta-
tion rates tend to be the highest, the contam-
inant inventories are presently separated
from the sediment surface by about 5-15 cm
of less contaminated sediments and in some
cores, the maximum Pb levels occur at
depths of >50 cm. These results suggest that

Pb contamination of Sydney Harbour sedi-
ments does not represent a long term threat
and that natural containment will reduce Pb
levels below those predicted to have a signif-
icant impact on organisms during the next
10-20 years. 

Conclusions
Regional development and anthro-

pogenic remediation issues should be con-
sidered in the context of these results. Future
dredging of Sydney Harbour sediments
intended to accommodate larger vessels
must be evaluated in the context of the mag-
nitude of contaminant resuspension and
enhanced bioavailability that will invariably
result from this type of operation. Present
remediation activities in the tar ponds may
also result in future releases of Pb and PAHs
that could contaminate the layer of cleaner
surficial sediments that has presently
"capped" the main inventory of contami-
nants deposited during the 1960-1980s. One
additional caveat is that as the harbour sedi-
ments become less contaminated, they may
attract a larger and more diverse benthic
community similar to that found in the less
contaminated, outer reaches of Sydney Har-
bour. Bioturbation by these infauna could
enhance the microbial degradation rates of
organic contaminants and return contami-
nated sediments more efficiently to the sedi-
ment surface thereby altering model predic-
tions. 
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Introduction
Phytoextraction has been proposed as a

cost-effective technique for the remediation of
heavy metal contaminated soil that does not
damage other beneficial soil properties (Saiful-
lah et al., 2009). However, enhancing biomass
yield and heavy metal uptake is a prerequisite
for such a technique to be practical (Shtangee-
va et al., 2004).

EDTA is the most common chelating
agent used to enhance phytoextraction effi-
ciency (Saifullah et al., 2009). Studies have
shown that in most cases, EDTA increases the
extraction rates more effectively than other
chemical amendments (Meers et al., 2008). In
recent years, the use of persistent aminopoly-
carboxylic acids (APCAs) such as EDTA has
received criticism due to their environmental
persistence and associated risks of leaching
(Meers et al., 2008; Saifullah et al., 2009). 

Great efforts have been directed toward
finding more degradable alternatives to per-
sistent compounds. Waste materials have
been of particular interest in enhancing metal
uptake due to their low-cost. Incorporation of
organic wastes has been shown to increase
plant metal accumulation. For example,
Shtangeeva et al. (2004) observed a significant
increase in metal uptake by Triticum vulgare
(wheat) grown on a horse manure amended
contaminated soil. Meanwhile, olive husk

enhanced metal accumulation in Beta vulgaris
and Beta maritima (Clemente et al., 2007).

Chitosan is a natural biopolymer
obtained from crustacean shells such as crab,
shrimp and lobster. It has amino and hydroxyl
groups that can form water-soluble complexes
with metal ions. Ideally, this behaviour is sim-
ilar to many APCAs.

In this study, chitosan was cross-linked
with glutaraldehyde (GLA) in order to enhance
its chemical stability in acidic media and to
improve its physical properties. In our earlier
work, the sorption capacity and binding mech-
anism were studied. The sorption capacities of
chitosan and chitosan-GLA for heavy metals
were 125.7 and 106.1 mg Pb/g, 58.6 and 36.4
mg Zn/g, and, 107.3 and 60.2 mg Cu/g,
respectively. The binding mechanism was
studied using Energy Dispersive X-ray (EDX)
and Fourier Transform Infrared (FTIR) spec-
trometry, which showed that the main process
was coordinate bonding of the heavy metal by
N atoms.

The work described here aimed to deter-
mine the effects of chitosan and chitosan-GLA
amendment on Pb, Zn and Cu uptake by
L. perenne from Pb/Zn mine tailings. 

Materials and Methods
In this study, waste from an abandoned

Pb/Zn mine at Tyndrum, Scotland was used 
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Abstract
A greenhouse pot trial was conducted to evaluate the growth and metal accumulation

in Lolium perenne (perennial ryegrass) established on Pb/Zn mine tailings amended with
chitosan and its derivative, glutaraldehyde treated chitosan (chitosan-GLA) at application
rates of 0%, 0.5% and 1.0% (w/w). Both amendments increased biomass yield significantly
(p < 0.05). At first and second harvest, chitosan 0.5% (w/w) treatment increased shoot Pb
concentration by 55 and 39%, respectively. Meanwhile, 1.0% (w/w) chitosan-GLA treat-
ment enhanced shoot Zn concentration from 815 mg/kg to 1083 mg/kg at first harvest and
from 795 mg/kg to 1029 mg/kg at second harvest. Root metal concentrations increased after
chitosan and chitosan-GLA application. After six months, ammonium acetate extractable
Zn in soils amended with chitosan and chitosan-GLA decreased significantly as compared
to untreated soils (p < 0.05). It was estimated that chitosan 1.0% (w/w) treatment could
assist L. perenne to extract 3.0 kg Pb/ha, while chitosan-GLA 1.0% (w/w) amendment gave
highest off-take values for Zn and Cu with 8.2 kg/ha and 0.16 kg/ha, respectively. No toxic-
ity symptoms were observed in L. perenne over the greenhouse pot trial. Therefore, chitosan
is a promising agent for enhancing heavy metal phytoextraction.

Key words: Contaminated soil, heavy metal, phytoextraction, chitosan, cross-linked chitosan
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as the source of heavy metals. The mine and
ore processing waste dumps are highly con-
taminated with Pb, Zn and Cu (Pulford et al.,
2009). The waste was mixed with sharp sand
at 1:1 (w/w) ratio to reduce metal toxicity
(Nwachukwu and Pulford, 2009). The total
Pb, Zn and Cu concentrations in the final soil
determined by aqua regia extraction were
3923, 1686 and 172 mg/kg, respectively.

A greenhouse pot trial was carried out
over the spring/summer of 2008. Chitosan
and chitosan-GLA were applied at 0, 0.5 and
1.0% (w/w), in six replications. L. perenne
seed was sown two weeks after addition of chi-
tosan. The pots, with a radius of 3.5 cm and a
height of 5.5 cm, were arranged in a ran-
domised block design and watered daily.
Plants were allowed to grow for 24 weeks in
the greenhouse under natural lighting and
ambient temperature. As the mine waste is
essentially crushed rock, 1/4 strength
Hoagland's nutrient solution (Watson et al.,
2003) was added to each pot to ensure contin-
ued growth of the plants (Nwachukwu and
Pulford, 2009).

Following harvests at 12 weeks (shoots
only) and 24 weeks (shoots and roots), plant
tissue was washed thoroughly with deionised
water and dried in an oven at 70?C for 48 h.
Dried shoots and roots were milled separately
using a grinder. Milled samples were ashed at
450oC for 3 h and digested in hot concentrat-
ed HNO3. Ammonium acetate (1.0 mol/L, pH
7) extractable metal in the soil was determined
at a soil:extractant ratio of 1:10. Metal concen-
trations in the plant digests and soil extracts
were measured by atomic absorption spec-
trometry. Soil pH was measured in deionised
water with a soil:solution ratio of 1:2.5. 

Standard reference plant materials (SRM
1573a Tomato Leaves - National Institute of
Standards & Technology, USA, and SRM
1575 Pine Needles - National Bureau of Stan-
dards, USA) and certified reference soil mate-
rial (LGC 6135 Hackney Brick Works Soil -

Laboratory of the Government Chemist, UK)
were used to verify the accuracy of metal deter-
mination. The recovery rates were within 87-
96% and 93-107% for plant tissue and soil,
respectively.

All statistical analyses were performed
using Minitab 15 Statistical Software
(Minitab Inc., PA, USA). The data were
analysed using the general linear model of
one-way analysis of variance (ANOVA), fol-
lowed by Tukey's test at a significance level of
p = 0.05 to determine least significant differ-
ence (LSD) for the comparison of means.

Results and Discussions
Chitosan and chitosan-GLA treatment

increased the soil pH by about 0.16 to 0.45
units. This may be attributed to the protona-
tion of the amino groups of chitosans, result-
ing in a decrease of H+ concentration in the
soil solution.
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Biomass production of L. perenne
increased with the rates of chitosan and chi-
tosan-GLA application. Shoot dry matter
yield was pronounced for this effect (Table 2).
This may be related to 8.7% of nitrogen con-
tent (estimated by elemental analysis) in the
chitosans, which provides plant nitrogen
nutrition for L. perenne growth. 

In contrast, Zhuang et al. (2009) and
Johnson et al. (2009) observed a marked
decrease in the biomass production of
Sorghum bicolor (sweet sorghum), Brassica
juncea (Indian mustard) and L. perenne fol-
lowing EDTA treatment. This decrease was
attributed to the toxicity of free EDTA to the
plants (Zhuang et al., 2009).

As expected, metal concentration was
higher in root than in shoot (Table 3). Com-
pared to the control (zero treatment), chi-
tosan application increased Pb shoot concen-
tration at first and second harvest signifi-
cantly. Meanwhile, chitosan-GLA treatment
increased Pb shoot concentration at first har-

vest only. At second harvest, 0.5 and 1.0%
(w/w) chitosan-GLA treatment decreased Pb
concentration in shoots by 10 and 15%,
respectively. 

A different trend in Zn shoot concen-
tration following chitosan application was
observed. Chitosan 1.0% (w/w) treatment
decreased Zn shoot concentration at first
harvest by 17%, while a slight increase (6%)
was obtained at second harvest. Chitosan-
GLA treatment increased Zn shoot concen-
tration at both harvests. For example, 1.0%
(w/w) chitosan-GLA treatment increased Zn
concentration in shoot from 815 mg/kg to
1083 mg/kg at first harvest and from 795
mg/kg to 1029 mg/kg at second harvest. 

From Table 3, chitosan and chitosan-
GLA application caused a little effect in
enhancing Cu shoot concentration. With an
exception for Zn concentration as affected by
chitosan 1.0 (w/w) treatment, chitosan and
chitosan-GLA treatment increased root
metal concentration significantly.
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The amount of Pb, Zn and Cu removed
by L. perenne from contaminated soil is
given in Table 4. Of metals studied, Zn was
removed at a higher amount as compared to
Pb and Cu. It is clear that the metal off-take
value increased with increasing the rate of
chitosan and chitosan-GLA added to the
soil. For Pb removal, chitosan 1.0% (w/w)
showed the best effect with estimated off-
take value of 3.0 kg/ha, while chitosan-GLA
1.0% (w/w) treatment could assist L.
perenne to extract 8.2 kg/ha of Zn and 0.16
kg/ha Cu, respectively.

In order to assess the efficiency of phy-
toextraction, transport factor (TF) and bio-
concentration factor (BCF) values were esti-
mated (data not shown). The transport fac-
tor was defined as the ratio of metal concen-
tration in plant shoots to metal concentra-
tion in roots (Ruiz et al., 2009), while the
bioconcentration factor was calculated as the
ratio of metal concentration in plant shoots
to metal concentration in soil (McGrath and
Zhao, 2003).

Based on the TF values, it was deter-
mined that Zn was the most transported
from root to shoot of L. perenne. BCF values
were in the order of Zn > Cu > Pb. This is
consistent with the results reported by Ruiz
et al. (2009), who studied phytoextraction of
Pb, Zn and Cu by five common crop plants.
In fact, the BCF values obtained from this
work are less than 0.2, which are in agree-
ment with the value discussed by McGrath
and Zhao (2003) with respect to plants
grown on contaminated soils.

It is apparent that at zero treatment,
L. perenne was able to extract almost 50% of
the ammonium acetate extractable Pb and
Zn in the bulk soil (Table 5). It is interesting
to note that more than 70% of the
extractable Cu in the bulk soil was extracted
by L. perenne without assistance of chitosan
or chitosan-GLA. This implies that
L. perenne has natural ability to take up a
considerable amount of metal in such con-
taminated soil. 
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From Table 5, ammonium acetate
extractable metal decreased after chitosan
and chitosan-GLA addition. A significant
reduction in extractable Zn was observed.
Application of chitosan and chitosan-GLA
did not effectively reduce extractable Pb and
Cu in soil. However, amending contaminat-
ed soil with chitosan-GLA at 1.0% (w/w) rate
decreased extractable Pb significantly.

Conclusion
Chitosan and chitosan-GLA amend-

ments were beneficial as growing media
through improvement of soil fertility and
provision of plant nutrient. They increased
shoot and root metal concentration consid-
erably. L. perenne has great tolerance and
ability to thrive under high metal concentra-
tion stress. Therefore, cropping of L.
perenne integrated with chitosan is a prom-
ising phytoextraction technique for the
reclamation of heavy metal contaminated
soils.
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Introduction
During the last decade, chelant-

enhanced phytoextraction of metals from
contaminated soils has received much atten-
tion as a cost-effective alternative to conven-
tional techniques of soil remediation. The
chelating agent EDTA (ethylenediaminete-
traacetate) has become one of the most test-
ed mobilizing amendments for less
mobile/available metals, such as Pb (Saiful-
lah et al., 2009); however, due to its toxicity
and high persistence in the environment,
several alternatives have been proposed.
Above all, EDDS ([S,S]-ethylenediaminedis-
uccinate) has been introduced as a promising
and "environmentally friendlier" mobilizing
agent, especially for Cu and Zn (Kos and Leš-
tan, 2003). When the chelating agent is
applied to soils, metal-chelant complexes are
formed and taken up by the plant, mostly
through a passive apoplastic pathway
(Nowack et al., 2006). These complexes are
subsequently translocated within the plant.
However, the competition of major soil
cations (e.g., Fe) for the ligand influences sig-
nificantly the extraction efficiency of the
chelating agent and surpluses of the chelants

must thus be applied to soils in order to over-
come this drawback (Nowack et al., 2006).

It is evident that chelant-enhanced
phytoextraction is a time-consuming
method, which would be suitable mostly for
soils contaminated with low levels of metals
with a high affinity for the applied chelating
agent. Because the efficiency of the method
remains questionable (Nowack et al., 2006;
Evangelou et al., 2007), the aim of this work
was to evaluate the phytoextraction efficien-
cy of poplar (Populus nigra L. cv. Wolterson)
after the application of EDTA and EDDS
together with the influence of major soil
cations. The soils chosen for the study were
collected from an area severely contaminat-
ed by Pb smelting and from a vineyard and
hop field moderately contaminated only
with Cu originating from fungicides. The
chelants EDTA and EDDS were chosen as
mobilizing agents with a high affinity for Pb
and Cu, respectively. This paper summa-
rizes and discusses the results obtained in
our previous studies (Komárek et al., 2007,
2008, 2010).

Is There a Future for Chelant-Enhanced Phytoextraction of Metals
from Contaminated Soils?

M. Komárek

Department of Agro-Environmental Chemistry and Plant Nutrition, Czech Universi-
ty of Life Sciences Prague, Kamýcká 129, 165 21, Prague 6, CZECH REPUBLIC,
komarek@af.czu.cz

Abstract
During chelant-enhanced phytoextraction, chelating agents (e.g., EDTA, EDDS) are

applied to soils in order to mobilize less available metals (e.g., Pb, Cu) and enhance their
uptake by plants. This paper aims to critically evaluate the efficiency of the process and the
associated drawbacks. The case studies discussed include phytoextraction trials (i) on two
multi-metal contaminated soils originating from a severely polluted mining/smelting area
and (ii) on two agricultural soils moderately contaminated with Cu-based fungicides. The
first case represents a worst-case scenario (high contamination with multiple metals, use of
persistent EDTA) and the second a promising scenario (low contamination with a single
metal with a high affinity for the chosen chelant, the biodegradable EDDS). Both chelants
used in these studies enhanced the mobility and plant uptake of the target metals (Pb and
Cu). However, very low efficiencies were obtained not only for the worst-case scenario but
also under the promising conditions of the second one. The competition of Fe originating
from chelant-induced dissolution of soil oxides significantly reduced the efficiency of the
process and large excesses of the mobilizing agents would be needed to overcome this draw-
back. This would lead to unwanted leaching of the chelates and could create toxicological
hazards. Therefore, due to the low efficiency of the method, further research should be
focused on other environment-friendly methods of soil remediation.

Key words: phytoremediation, metals, phytoextraction efficiency, poplar, chelant
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Materials and Methods
The agricultural soils discussed here

originates from (i) the smelting area of
Příbram (Czech Republic), contaminated
predominantly with Pb (soils M, S) and (ii)
from an active vineyard (soil V) and a hop
field (soil H) contaminated with Cu-based
fungicides. Basic physico-chemical charac-
teristics of the soils, including total concen-
trations of target metals (aqua regia diges-
tion) and oxalate-extractable Fe, Mn (amor-
phous and poorly crystalline (hydr)oxides)
are given in Table 1.

In order to evaluate the effect of differ-
ent concentrations of the chelants (EDTA,
EDDS) on the mobilization of Pb and Cu and
the influence of competing metals in soils,
incubation experiments for a period of 1-21
days were performed under controlled condi-
tions at a constant temperature of 25 °C.
Single (6 mL) and split (5+1+1 mL) doses
(totaling approximately 60-70% water field
capacity) of the chelant solutions were added
to the soil representing 0, 3, 6, (9) and 3×1,
3×2, (3×3) mmol EDTA/EDDS kg soil-1,
respectively. No significant changes of soil
pH after the incubation experiment were
observed. Soil samples were extracted with
50 mL of deionized water for 1 h on an end-
over-end shaker at 30 rpm. Water-soluble
concentrations of metals were determined
using ICP OES (Vista Pro, Varian, Aus-
tralia).

Poplar (Populus nigra L.) was chosen as
a fast growing tolerant tree species capable of
extracting significant amounts of metals
from soils. Cuttings with a similar diameter
originating from one specimen were chosen
for the experiment. Each pot contained 5 kg
of air-dried and sieved (10-mm sieve) soil.
Two poplar cuttings were planted in each
pot. The pots were kept in an outdoor weath-
er-controlled vegetation hall and watered

twice per day using deionized water in order
to maintain 60-70% of the water holding
capacity. The EDDS amendments applied to
poplars were similar to those used in the
incubation experiment; however, only split
treatments were used in order to achieve
higher phytoextraction efficiency by reduc-
ing the phytotoxicity effects together with
minimizing the risks associated with leach-
ing of the mobilized metals (Shen et al.,
2002). The first application of the mobiliz-
ing agent was added to plants after 100 days
of growth. The following applications were
added after an additional 10 and 20 days.
During harvest, poplar stems and leaves
were carefully separated and analyzed.

Results and Discussion
Both chelating agents were effective in

solubilizing the target metals from the stud-
ied soils. EDTA was more efficient in mobi-
lizing Pb from the smelter-impacted soils
(M, S), on the other hand, EDDS proved to be
more efficient in the agricultural soils pollut-
ed by Cu-based fungicides (H, V). In the case
of soils S and M, EDTA at its highest con-
centration (9 mmol kg-1) mobilized as much
as 35 and 60%, respectively, of the total Pb
content (up to a 130-fold increase). The
addition of 9 mmol EDDS kg-1 led to a sig-
nificantly lower increase (a 3-fold increase)
of water-soluble Pb concentration compared
to 9 mmol EDTA kg-1. This fact can be
explained by the higher affinity of Pb for
EDTA (log KPbEDTA = 18.0) compared to
EDDS (log KPbEDDS = 12.7), biodegrada-
tion of EDDS and by the competition of Cu
after EDDS addition (log KCuEDDS = 24.4-
34.5). The application of EDDS significantly
increased water-soluble concentrations of
Cu in soils H and V (up to 380-fold in soil H)
and helped to maintain Cu solubilized. 

Table 1. Characteristics of the studied soils.
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Furthermore, chelant-induced dissolu-
tion of Fe-(hydr)oxides (and to a lesser extent
of Mn-(hydr)oxides) significantly influences
the extraction efficiency of the mobilizing
agent due to the formation of stable Fe
EDDS/EDTA complexes (log KFe(III)EDTA
= 25.1, log KFe(III)EDDS = 22.0) (Komárek
et al., 2009). This fact was proven by pro-
gressive increases of Fe and Mn concentra-
tions in the soil solution and in poplar plants
after the addition of EDTA/EDDS. The
PHREEQC-2 speciation modeling showed
that the added EDTA and EDDS at any con-
centration are completely complexed with
metals in both soils and proved the influence
of Fe/Mn dissolution on chelate speciation.

Significantly lower biomass yields and
toxicity symptoms, such as chlorosis and
necrosis, were observed for poplars grown on
soil S, predominantly due to the low pH of
the soil and higher concentrations of avail-
able metals. Furthermore, higher biomass
yields were obtained during the first vegeta-
tion period compared to subsequent years of

growth (Komárek et al., 2008). However, the
addition of lower chelant doses (3 mmol kg-1)
significantly increased leaf biomass of
poplars grown on the less contaminated soils
(M, H, V). This is probably due to the fact
that the added chelating agent helped the
poplars to acquire lacking nutrients (espe-
cially Fe) from the soil and reduced the phy-
totoxicity of some metal ions (e.g., Cd2+)
present in the soil solution at relatively high
concentrations.

The addition of EDTA and EDDS sig-
nificantly enhanced the uptake of Pb and Cu
especially into poplar leaves, proving thus a
strong translocation of PbEDTA and
CuEDDS complexes (Figure 1). Because
there is no specific Pb transporter known for
selective uptake, the translocation of Pb into
plant shoots is most likely in the form of
PbEDTA complexes through a passive
uptake mechanism (via the apoplastic path-
way). After EDDS-induced mobilization and
subsequent biodegradation of the CuEDDS
complexes, Cu2+ is either adsorbed back on
soil particles, taken-up actively by the plant,
leached or precipitated as newly formed
phases. It is needed to point out that the
application of EDTA, which is a persistent
chelating agent, can lead to increased leach-
ing of the chelates throughout the soil profile
and thus present an important environmen-
tal hazard.

The phytoextraction efficiency of
plants does not only depend on metal con-
centrations in aboveground biomass, but to a
great extent, on the biomass yields of the
plants. In order to evaluate the efficiency of
the phytoextraction process, the remedia-
tion factor (RF) was calculated as follows:

RF (%) =(Meplantx Bplant) / (Mesoilx wsoil) x 100

where Meplant is the concentration of
the metal in plant dry biomass (mg g-1);
Bplant the dry weight plant biomass yield (g);
Mesoil the total concentration of a metal in
soil (mg kg-1) and wsoil the amount of soil in
pot (kg). The RF, therefore, reflects the
amount of metals extracted by plants from
the soil during the process. The remediation
factors obtained in the experiments are sum-
marized in Table 2. Significantly lower RF
values were obtained, as expected, for the
severely contaminated soils S and M. The
highest RF value (0.74%) was reached in the
moderately contaminated soil V treated with
EDDS. Nevertheless, it is needed to point
out that such values are not sufficient for a 

Figure 1. Cu, Fe and Mn concentrations in
poplar grown on soils H and V after the addi-
tion of EDDS.



470 15th ICHMET

HEAVY METALS IN SEDIMENTS AND REMEDIATION TECHNOLOGIES

successful chelant-enhanced phytoextraction
and that the phytoextraction efficiency fur-
ther decreases in subsequent years (Nowack
et al., 2006; Komárek et al., 2008). The high-
est RF value (0.74%) means that reducing Cu
concentrations in the soil to the warning
limit set by the EC (50 mg kg-1) would take
approximately 100 vegetation seasons. How-
ever, this would be the case for a scenario
where the phytoextraction efficiency remains
constant throughout the process, which does
not correspond to real conditions. In the case
of the severely contaminated soils S and M,
the remediation times would be significantly
higher. Additionally, data from recent stud-
ies (e.g., Neugschwandtner et al., 2008) sug-
gest that the efficiency of chelant-enhanced
phytoextraction is significantly lower in field
conditions compared to greenhouse/pot
experiments.

Conclusion
Because the process of chelant-

enhanced phytoextraction is slow, it should
be applied only to low-contaminated soils, in
order to reduce metal concentrations in a
reasonable time frame. Furthermore, the
efficiency of the process is hindered by the
presence of major soil cations competing for
the chelating agent. Despite the promising
conditions of the experiment conducted
with soils H and V (low contamination of
soils with a single metal with a high affinity
for the chelating agent, metal tolerant plant
species capable of producing high biomass
yields), the phytoextraction efficiency was
not sufficient. This highlights the fact that
research focused on chelant-enhanced phy-
toextraction of metals from contaminated
soils has reached a dead-end, which has been
already suggested by several researchers (see
Nowack et al., 2006 and Evangelou et al.,
2007 for reviews). More intensive research
should be focused on other environment-

friendly remediation practices, such as phy-
tostabilization etc. Furthermore, its high
affinity for Cu and degradability make EDDS
a suitable candidate for washing/flushing of
soils contaminated predominantly with this
metal.
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Introduction
For its multipurpose usage, persistence

in the environment, bioaccumulation and
high toxicity, heavy metals are considered as
one of the most serious pollutants in the
environment. Heavy metals that originated
from anthropogenic sources could be found
in all components of the environment
throughout the hydrocycle from different
sources such as wastewater outflows, indus-
trial sludge, rivers, airborne inputs, rainfall
and dust precipitation (Idris et. al., 2008).
Sediments have proved to be excellent indi-
cators of environmental pollution, as they
accumulate pollutants to the levels that can
be measured reliably by a variety of analyti-
cal techniques (Ariman and Bakan, 2008).
This phenomenon makes sediment as an
effective sink for most heavy metals from
both crustal and anthropogenic sources. The
Black Sea environment has suffered a cata-
strophic degradation from the waterborne
waste from 17 countries. The objectives of
this study were determined average concen-
trations of ten heavy metals (Cu, Pb, Cd, Fe,
Al, Cr, Cu, Zn, Mn, Sr) in sediments of the
mid-Black Sea coast of Turkey (Bakan and
et. al., 2007). The effects of anthropogenic
activities on the accumulation of heavy met-
als in sediments of the mid-Black Sea coast
of Turkey were examined in this study.

Material and Methods
Sediment samples were collected sea-

sonally from the Yeşilirmak, Kizilirmak,
Mert, Abdal Rivers and Kurupelit sea regions
in 2007-2008. The sampling stations were
chosen in way to include hotspots of pollut-
ed rivers of Samsun city. Figure 1 shows the
sampling stations which were located along
the mid-Black Sea coast of TURKEY.

Figure 1. Map of the study area with location
of sampling station

Sediment samples were collected with
a Birge-Ekman grab sampler from freshwater
sampling stations. Individual surface sedi-
ment (0-5 cm) samples were mixed and
stored frozen (-20 oC) in pre-cleaned glass
jars until analysis. Routine wet sediment
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Abstract
In this study, seasonal of  heavy metal contamination in the samples were also con-

ducted to determine the extent of pollution in Yeşilirmak, Kizilirmak, Mert, Abdal Rivers
and Kurupelit sea regions. The extent of heavy metal contamination was as follow; Yeşilir-
mak river>Kizilirmak river>Kurupelit shores>Abdal river>Mert stream. According to the
sediment quality guideline (PEC-TEC), determination and assessment studies for potantial
ecological effects and environmental risks of heavy metals in contaminated sediments were
carried out by comparing the average total metal concentrations obtained in Yeşilirmak,
Abdal, Mert, Kizilirmak and Kurupelit sea sediments with earth crust reference values.
These results show that Yeşilirmak, Abdal, Mert, Kizilirmak ve Kurupelit sea regions can be
accepted as environmentaly risky areas because of the higher average total metal concentra-
tions obtained from these regions. These data are being used to prioritize decisions related
to the remediation of the river systems.

Key words: Heavy Metals, contaminated sediment, sediment quality guideline
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sample analysis were done on each
sample such as the water content that was
determined by oven drying of about 15-20 g
wet sediments for 12 h (or constant weight)
at 105 oC. The digestion of total sediment
(fraction <63 µm) were performed with a
mixture of HF-HClO4 at hot-plate and cool-
ing system. For the digestion of sediment
samples, 1 g of dried and homogenized sedi-
ment were wet weight and placed into an
acid washed teflon digestion vessel. Heavy
metals concentrations of the solutions were
measured by ICP-OES (Perkin Elmer Opti-
ma, 4300DV). The accuracy evaluated by
comparing total heavy metal concentrations
with the sum of the five individual fractions,
proved to be satisfactory. For the analytical
quality control, reagent blanks, standard ref-
erence materials (BCR-701), and sample
replicates were randomly inserted in the
analysis. There was no sign of contamina-
tion in the analysis, and all of the relative
standard devations of the replicate samples
were <10% (1σ). 

Results and Discussion
In this study, physicochemical and

minerological analysis of the samples, col-
lected from Yeşilirmak, Kizilirmak, Mert,
Abdal Rivers and Kurupelit sea regions, were
carried out to determine the extent the total
metal contamination in sediment layer. The
average physicochemical properties of sedi-
ment samples collected from the rivers/sea
of the mid- Black Sea coast of Turkey are pre-
sented this study (Table 1). The water con-
tent of sediment samples (20.15- 35.85 %)
was used to indicate their sensitive to ero-
sion and resuspension, or perhaps, their
suitability as substrate for benthic organisms
(Golterman et al., 1983). The redox potential
of sediments ranged from -13 to -68 mV.
values should only be used to give some idea
of presence of aerobic, anoxic or anaerobic
processes. Below -200 mV processes are
strictly anaerobic, between 0- and -200 mV.

They show transitional character and posi-
tive mV- values indicate aerobic processes
(Rump and Krist, 1988). Seasonal results
showed that TOC (2,340-2,812 mg/kg) con-
centrations was low in Yeşilirmak River. and
Kurupelit sea region while TOC (19,823
mg/kg) concentrations was high in Mert
Stream. 

Seasonal of heavy metal contamina-
tion in the samples were also conducted to
determine the extent of pollution at the
Yeşilirmak, Kizilirmak, Mert, Abdal Rivers
and Kurupelit sea regions. 

Findings obtained from 5 stations
which were contaminated with heavy metals
were compared with the baseline earth crust
rock. The extent of heavy metal contamina-
tion was as follow; Yeşilirmak river>Kizilir-
mak river>Kurupelit shores>Abdal
river>Mert stream. (Table 2). According to
the sediment quality guideline (PEC-TEC),
determination and assessment studies for
potantial ecological effects and environmen-
tal risks of heavy metals in contaminated
sediments were carried out by comparing the
average total metal concentrations obtained
in Yeşilirmak, Abdal, Mert, Kizilirmak and
Kurupelit sea sediments with earth crust ref-
erence values.

Conclusion
These results show that Yeşilirmak,

Abdal, Mert, Kizilirmak ve Kurupelit sea
regions can be accepted as environmentaly
risky areas because of the higher average
total metal concentrations obtained from
these regions. These data are being used to
prioritize decisions related to the remedia-
tion of the river systems.
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Table 1. General Features of Sediment of Sampling Sites on Mid-Black Coast (2007-2008)
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Table 2. Average concentrations of heavy metal in surface sediments from  Black Sea
rivers/sea of Turkey and Sediment Quality Guideline  (mg/kg) 

TEC: ThresholdEffect Concentration (MacDonald, 2000; Burton, 2002)
PEC: Probable Effect Concentration  ( MacDonald, 2000; Burton, 2002)
(*) McLennan, 1995; Taylor 1964
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Abstract

As a negative consequence of human activities heavy metals are mobilized from their
natural reservoirs to the atmosphere, soil and water. Phytoremediation is a green technolo-
gy making use of naturally occurring processes in plants for degradation and sequestration
of organic and inorganic pollutants [1]. During the phytoremediation pollutants are effec-
tively removed, but often the underlying biological mechanisms remain unknown. 

For most elements multiple transporters exist that enable the passage through the
membranes. When present in excess elements accumulate in plants and may cause toxicity
in form of detectable physiological changes. Following the patterns of these changes light
may be shed on mechanisms of plant tolerance. 

Typha latifolia (broad leaf cattail) is commonly used in phytoremediation of waste
water contaminated with organic and inorganic pollutants. Here, we present Cd, As and Pb
uptake capacity, their distribution and deposition as well as glutathione and ascorbate
depending enzyme responses in T. latifolia when treated with 100 µM of these stressors. 

Root and rhizomes of T. latifolia were analysed by micro-proton induced X-ray emis-
sion (enabled by [2]) which revealed Cd, As and Pb spatial distribution in tissue. In roots the
highest concentrations of Cd were found in the central core, whereas the highest concentra-
tions of As and Pb in the epidermis. In rhizomes the highest concentrations of Cd and Pb
were found in the epidermis and the highest concentration of As in the endodermis. The
activity of the enzymes using glutathione as a substrate increased and the activity of the
enzymes using and producing ascorbate decreased upon treatment with Cd, As and Pb.

The results of these experiments give us the opportunity for better understanding of
the detoxification processes and also provide insight in the plant's adaptation strategies for
living in heavy metal contaminated sites.

[1] Pilon-Smits, E., Phytoremediation, Annu. Rev. Plant Biol. 56, 15-39 (2005) 
[2] www.spirit-ion.eu
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Introduction
The Paraíba do Sul River (PSR) is 1.145

km long and it has a drainage basin of approx-
imately 55.400 km2. There is circa 25 million
of inhabitants in its basin, mainly in the Rio de
Janeiro metropolitan area, and cross the most
industrialized states of Brazil: Rio de Janeiro
and Sao Paulo (ANA, 2010). Human activities
have significantly altered sediment character-
istics and have led to greatly increased of
wastes that has emerged as a geologic process
causing significant changes in coastal areas
(Gross, 1978).  

Estuaries are semi-enclosed basins
where fresh water from the land mixes with
salt water from the ocean (Pritchard, 1955).
This mixing process creates a circulation pat-
tern that tends to retain wastes, especially
solid wastes, in the estuary (Gross, 1978).
Geochemical investigations of bottom sedi-
ments in the river-ocean interface showed that
Atlantic Ocean continental shelf near mouth
of PSR could be considered without heavy
metal contamination (Carvalho, 1992; Lacer-
da et al., 1993). Although Cu, Cr, Zn, Mn and
Fe contamination has been reported in
<63 µm fraction of the sediments from mid-
point portion of the PSR (Malm et al., 1989;
Pffeifer et al., 1986).  It has been showed that
the lower section of the PSR and its estuary
could act as an effective trap for heavy metals,
diminishing their concentration in the coastal
waters (Molisani et al., 1999). 

Several processes taking place near the
sediment-water interface (Lerman, 1978). In
alluvial rivers, the individual grains provide
geologic information on the sediment sources,
the nature of sediment loads, and the feasibili-
ty of dredging for gravel (Schumm 1985). Par-
ticle aggregation is a process which alters the
transport properties of particulate material
and provides a mechanism for transferring
material from the dissolved into the particu-
late pools. In addition, the size of any individ-
ual particle in this range helps determine its
characteristics and interactions with organ-
isms, other particles, and its environment
(Burd and Jackson, 2009).

Scanning electron microscope equipped
with energy dispersive X-ray spectrometry
(SEM/EDS) is an invaluable tool in several
branches of geology due its high spatial resolu-
tion, large depth field, and simple specimen
preparation (Reed, 2005; Severin, 2004), par-
ticularly in the study of sediments and sedi-
mentary rocks (Krinsley et al., 1998; Miguens
et al. 2010). Nevertheless, particles and aggre-
gates characterization requires analytical tools
with the appropriate chemical sensitivity and
spatial resolution. SEM/EDS mapping have
been integrated to provide a new view of the
dynamic biogeochemistry processes (Temple-
ton and Knowles, 2009). 

In the present study, the morphology of
particles and aggregates in sediments of the
lower PSR and Estuary, Rio de Janeiro, Brazil
were analyzed by scanning electron microscopy

Heavy Metals in Estuarine Sediments 
of Paraíba Do Sul River, Brazil: 

a Scanning Electron Microscopy and X-Ray Microanalysis (Sem/Eds) Study

M.L. de Oliveira1, L.R. Barbosa2, C.E.V. Carvalho3, F.C. Miguens2
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Abstract
The Paraíba do Sul River (PSR) drainage basin is located in the most industrialized region

of the Brazil. Contamination by heavy metals has been reported in the PSR sediments (Carval-
ho et al., 2002; Molisani et al., 1999). In order to identify how heavy metals are associated in the
PSR, sediments were analyzed by Scanning Electron Microscopy and X-Ray Microanalysis
(SEM/EDS). Fe and Ti were the most common non alkaline metals identified by SEM/EDS. Mn,
Cu, Zr, Ag, Ba and Ce were found in aggregates and like microparticles. These data confirm pre-
vious results for heavy metals in PSR bottom estuarine sediments (Carvalho et al., 2002) and
allowed the acquisition of additional information about their distribution in sediment grains. 
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(SEM). In addition, elemental composition
and distribution, with emphasis in heavy met-
als, were analyzed by energy dispersive X-ray
spectrometry (EDS). 

Materials and methods
Study area
The Paraíba do Sul River raises at an alti-

tude of 1.800 m and runs in a more-or-less
south to northeast direction until reaches the
Atlantic sea on the north coast of Rio de Janeiro
state. Bottom sediments were collected in the
lower PSR and its estuary, where the geology is
dominated by fluvial quaternary deposits with
a plane relief. The soil use is dominated by sug-
arcane plantations, agriculture, animal farm-
ing and urbanization (Figure 1).

Figure 1. Lower Paraiba do ul River. Main
channel (black arrow), mangrove
(black/white arrow), and secondary channel
(white arrow).

Sampling
All the samples were collected with the

help of a plastic trowel and stored in plastic
bags. In order to obtain the grain size < 63µ
fraction, the bottom sediments were wet
sieved and they were oven dried (40°C). 

Analytical microscopy
Samples were adhered on carbon adhe-

sive tape (EMS) and covered in a sputtering
coating device (SCD 050) with a carbon
layer. Morphological and analytical data
were obtained with a SEM Zeiss EVO 40 VP.
The microscope was operated at high vacu-
um mode using a conventional tungsten
electron gun operating at an acceleration
voltage of 25 kV. Energy dispersive X-ray
spectrometry was carried out in an IXRF
spectrometer equipped with Si (Li) X-ray
detector and Be ultra-thin window - 0.3 µ. 

Results
Sediment grains were roughly struc-

tures particles and amorphous aggregates

which range in its major axis length contin-
uously from nanometric to circa 100 µm.
Particles were often observed into aggre-
gates. Biological fragments were also identi-
fied. Clay minerals were predominantly par-
ticles roughly faceted. Heavy metals were
found in all sample stations mainly as small
particles (< 20 µm). These particles were fre-
quently identified inside aggregates. Bulk
particles presenting heavy metals were also
detected (Fig. 2).

Figure 2. Sediments from lower PSR. Sedi-
ment grains are particles and aggregates. DS
spectrum showed element composition in
the image area. lemental distribution maps
suggest an AgCl particle and Fe/Mg alu-
minumsilicate. Ca is erratically distributed.

Fe and Ti were the most common non-
alkaline metals. Fe was predominantly iden-
tified in clay minerals and pyrite crystals or
framboids. Pyrite was abundant in mangrove
area. There was often overlapping in elemen-
tal distribution maps of Ti and O, suggesting
TiO2. 
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Mn, Cu, Zr, Ba, and Ce were identified
in particles and aggregates, sometimes in
microparticles inside aggregates. Elemental
distribution maps suggested that Cu, Zr, Ba,
and Ce occurred as oxides (data not shown)
while Mn could also occur as phosphates
(Figs. 3 and 4). Although, Ba was identified
as aluminumsilicate. 

Figure 3. Paraiba do Sul main channel.
Aggregate (+) showing structured particles.
O, Al, Si, P, Ca, Mn and Fe are identified by
EDS spectrum in the figure area. Note over-
lapping of O, P, Ca, Mn and Fe in the ele-
mental distribution maps.

Discussion
In the view point of SEM/EDS, trace

elements (< 1 wt%) are detectable since they
are concentrated in a structure (Goldstein et
al., 2003). Herein, heavy metals were identi-
fied in Paraíba do Sul River (PSR) sediment
particles and aggregates.

Figure 4. Paraiba do Sul mangrove. Aggre-
gates (A) and particle (P) in the sediments.
EDS spectrum showing chemical elements
of this image area. Note overlapping of O, Al,
i and Ba in the elemental distribution maps
and Ce restrited to the particle.

Cu, Cr, Zn, Mn and Fe contamination
has been reported in < 63 µm fraction of the
sediments from Paraíba do Sul River (Malm
et al., 1989; Pffeifer et al., 1986). Neverthe-
less, the Atlantic Ocean continental shelf
near mouth of PSR could be considered with-
out heavy metal contamination (Carvalho,
1992; Lacerda et al., 1993). Our results con-
firm the presence of Cu, Mn and Fe in the
sediments. In addition, Ag, Ba, and Ce were
at this time identified. 
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Aggregation of particulate material is a
mechanism for transferring material from
the dissolved into the particulate pools (Burd
and Jackson, 2009). SEM/EDS analysis of
PSR sediment suggests which heavy metals
can be incorporated in the sediments by this
mechanism. Although, individualized parti-
cles are also identified. 

According to Gross (1978), human
activities have significantly altered sediment
characteristics. In the PSR sediments, the
sources of the pollutants are probably indus-
trial effluents and urban wastes. 

Conclusion
Our records add new chemical ele-

ments in the PSR sediments heavy metals
pool and confirm previous findings. On the
other hand, SEM/EDS was an efficient strat-
egy to detect and localize these metals in sed-
iment grains.
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Introduction
Heavy metal pollution is becoming a

significant concern in many countries
because of the fact that it is toxic, non-
biodegradable, and persistent, and because of
the bio-accumulation properties of these
contaminants (Idris et al., 2007; Abdel-Satar
& Geneid 2009; Singh et al., 2005).

The dominant sources of heavy metal
pollution are industrial activities; other
major sources include vehicle emissions,
domestic waste and agriculture activities
(Idris et al., 2007; Yuan et al., 2004). Sedi-
ment is considered as a suitable indicator of
heavy metal pollution because it can work as
a hunter agent for heavy metals and an
adsorptive sink in aquatic environments
(Idris 2007; Liu et al, 2009). The aquatic pol-
lution could be less than that in sediments,
macrophytes and aquatic animals. Sedi-
ments are considered as the main depot and
source of the heavy metals in coastal and
marine environments, and they largely con-
trol the transportation and storage of these
hazardous metals. 

Figure 1. Map of the Sultanate of Oman

The Sultanate of Oman is located on
the eastern coast of the Arabian Peninsula.
Oman has a very long coastline (km) along
the Arabian Sea and the Oman Sea, and into
the Arabian Gulf. During the last few
decades Oman has developed very rapidly
after the discovery of oil, and is now also
developing in a range of sectors, especially in
heavy industry. The most heavily populated
and developed region is Al Batinah, whose
coastline is about 300 km long on the Arabi-
an Gulf.

Environmental Assessment and Analysis of Heavy Metal Pollution
in Sediments Near Sohar Port and Use of Sea Crabs as a Bio-Indicator

A.A. Al-Sawai1, A.T. Al-Joudi2, A. Al-Saidi3

Dept. of Biology, Faculty of Humanities and Social Sciences, Sohar University,
(Sultanate of Oman)
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Abstract
The industrial area centered on Sohar Industrial Port (SIP) was established in 2000 as

the third major industrial area in the Sultanate of Oman, with initial operations starting in
2005. SIP contains a range of petrochemical companies such as Oman Refinery, Oman
Polypropylene, Oman Aromatics, Oman Methanol, and Sohar Fertilizer, as well as metal-
based industries, such as Sohar Aluminum and Vale. 

The only recent analytical investigation on heavy metals sediments in and around the
area was conducted in 2005, and no significant results were found at that time. Therefore,
there has been no research to date that has investigated any time history of heavy metal con-
centrations in and around SIP, and their environmental impact. 

The aim of this study is to investigate the chemical composition of sediments near
Sohar Port. Thirteen heavy metals (V, Cr, Mn, Ni, Cu, Se, Hg, Cd, Pb, Zn, Fe, Al and As)
will be analyzed by using microwave digestion followed by ICP-MS. This study will cover
four stations: Harmul northwest of SIP, Majees southeast of SIP, Zafaran south of SIP, and
one station within the SIP. Data will be collected for two years and at two different periods
each year. Local crab's species will be used as a bio-indicator of any pollution in the marine
environment by heavy metals. Concentrations of accumulated heavy metals in crabs' bodies
will be determined by atomic absorption spectrophotometry. Research in the past has
shown that marine crabs accumulate certain heavy metals in their bodies and therefore can
be used as monitors in determining the impact of heavy metal pollution on ecosystems. 

Key words: Oman, Sohar Port, Heavy Metal, Pollution, Bio-indicator, ICP-MS
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In the year 2000, the industrial area
centred on Sohar Port was established as the
third major industrial area in the country.
Sohar Industrial Port (SIP) has a number of
different petrochemical companies such as
Oman Refinery, Oman Polypropylene,
Oman Aromatic Company, Oman
Methanol, and Sohar Fertilizer, as well as
metal-based industries, such as Sohar Alu-
minum and Vale. Hence, the concentrations
of heavy metals and hydrocarbon pollution
in this area are expected to increase. In addi-
tion, the neighboring Sohar Industrial Estate
(SIE) houses a range of small to medium
sized enterprises.

Figure 2. Aerial photograph showing the
location of Sohar Industrial Area and the
Port

The most recent analytical investiga-
tion in the area on heavy metals in sedi-
ments was conducted in 2005. Eleven heavy
metals ( (V), (Cr), (Mn), (Ni), (Cu), (Se), (Hg),
(Cd), (Pb), (Zn) and (As)) were analyzed. The
study region covered Harmul northwest of
SIP, Majees southeast of SIP, and Zafaran
about nine kilometres south of Majees as a
reference location, all of which are outside
the boundaries of SIP. This analysis showed
low concentrations of selenium, manganese,
copper, and nickel in the sediments. More-
over, mercury, zinc and lead were below the
detection limit (Al-Kindi et al., 2009). 

Therefore, there has been no research
to date that has investigated heavy metal
pollution inside SIP. Moreover, the most
recent paper that has shown the levels of
heavy metals near Sohar Port was carried out
almost 5 years ago, which was around the

time when significant industrial activity was
just starting in the region. Accordingly,
increases, and certainly changes, in the lev-
els of heavy metals would be expected. 

Figure 3. The heavy metal concentrations
(mg kg-1) in all three sites: (a) Harmul, (b)
Majees, and (c) Zafaran (Al-Kindi et al.
2009: 76)

Local crab's species will be used as bio-
indicator of pollution in marine environ-
ment. Concentrations of accumulated heavy
metals in crabs' bodies will be determined by
atomic absorption spectrophotometry.
Research in the past has shown that marine
crabs accumulate certain heavy metals in
their bodies and therefore can be used as the
monitors in determining the impact of heavy
metal pollution on ecosystems (MacFariane
G.R, et.al. 2008) 

Figure 4. Crabs from Sohar Port near the
coast of Oman Sea

A major aim is to investigate the chem-
ical composition of sediments near Sohar
Port and recommend the necessary meas-
ures to improve the environment condition
within the study area.
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The list of heavy metals that will inves-
tigated include (V), (Cr), (Mn), (Ni), (Cu),
(Se), (Hg), (Cd), (Pb),(Zn), (Fe),(Al) and (As). 

Materials and methods
Samples will be collected from four sta-

tions with different depths. They will be
studied for two seasons in two years. The
method that will be used is Aqua regia to
analyze different metals. 

The equipment that will be used
include:

1-Inductively Coupled Plasma-Mass
Spectrometry (ICP-MS).

2-Could Vapor AAS or Hydride Genera-
tion AAS will be used in case of Mercury (Hg).

3-Atomic Absorption Spectropho-
tometer  (AAS).
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Introduction
Mining activities in the Sao Domingos

mine, one of the Portuguese massive sul-
phide deposits, have produced thousands of
tons of mine waste. The mining district is
located in the northern sector of the Iberian
Pyrite Belt (IPB), one of the largest metalloge-
netic provinces of massive sulphides in the
world with original reserves over 1,700 Mt
(Saez et al., 1999). The sulphide oxidation
processes at Sao Domingos inevitably pro-
duces acid mine drainage leachates rich in
sulphates, iron and other heavy metals and
metalloids which are an important source of
pollution, and hence a threat to the ecologic
equilibrium (Abreu et al., 2008). Due to the
lack of regulations and environmental educa-
tion, Sao Domingos is now a residential area
suffering from the considerable conse-
quences of poorly regulated mining activities.

Phytoremediation is emerging as a new
tool for soil remediation by the use of green
plants and their associated microbiota, soil
amendments, and agronomic techniques to
remove, contain, or render harmless environ-
mental contaminants (Raskin and Ensley,

2000). The plants growing on mine tailings
have been found to accumulate toxic metals
in their tissues, which could be biomagnified
in the ecological foodchain also. 

The mine restoration could benefit
from plantation of different groups of plant
species. Therefore, selection of appropriate
plant species which can establish, grow and
colonize metal-contaminated soils is impor-
tant for successful reclamation of degraded
mine sites (Wong, 2003). Owing to these rea-
sons, it is important to make a detailed
screening of plant community in Sao Domin-
gos mine in order to find out a group of plant
species that can be revegetated for rehabilita-
tion of this sulphide mine. The first objective
of this work was the chemical and mineralog-
ical characterization of mine tailings in Sao
Domingos in order to assess the adverse envi-
ronmental impacts. The secondary aim of
this study was to screen the plant communi-
ty and their potential for phytostabilisation of
mine tailings in Sao Domingos. 

Drying treatment of fresh and wet plant
samples is essential for the measurement of
metals and metalloids. There are different 

Contamination and Phytoremediation of Arsenic and Other Heavy
Metals and Evaluation of Different Drying Process to Determine

Metals in Plant Species Grown in a Mining Impacted Area

H.M. Anawar, M.C. Freitas, N. Canha

Instituto Tecnológico e Nuclear Reactor, Apartado 21, E.N. 10, 2686-953, Sacavém,
Portugal, anawar4@hotmail.com

Abstract
The magnitude of contamination and dispersion of arsenic (As), antimony (Sb) and

other heavy metals in and around the Sao Domingos mining area, Portugal, a copper sul-
phide mine was assessed by analyzing soils, plants, lichen and moss samples using instru-
mental neutron activation analysis (INAA) and µ-PIXE. Furthermore, different drying
processes were evaluated to determine metals in plant samples. The concentrations of As
and Sb ranged from 2098 to 9120 mg/kg and 388 to 1250 mg/kg for soils, 10.5 to 832.40 and
7.60 to 245.8 mg/kg for plants, 4.3 to 214.1 and 0.5 to 42.0 mg/kg for lichen and moss sam-
ples, respectively, and were much higher than the regional background levels. The highest
levels were found in the samples collected close to ore processing sites and decreased with
distance. Patterns of bioaccumulation of elements in plants throughout the study area were
quite similar for widespread pollutants such as As, Sb, Zn, Fe, Br, Co, La, and Cr. Plant
species, e.g. Erica andevaleris, Erica australis, Juncus acutus, Eucalyptus comaldulensis,
Rumex santalus, Genista polyanthus and Daphnia gnidium with high biomass and exten-
sive roots, grown abundantly in the area, maybe potential candidate for the phytostabiliza-
tion of mining contaminated soils. In the quantitative analysis of metals and metalloids,
freeze-dried and oven-dried plant samples show the higher concentrations when compared
to that in ambient air-dried plant biomass. The freeze-drying process is comparatively reli-
able for determination of metals and metalloids concentrations in plant materials.  

Key words: Heavy metals, mining area, phytoremediation, drying process, plant samples



484 15th ICHMET

HEAVY METALS IN SEDIMENTS AND REMEDIATION TECHNOLOGIES

of drying treatments, e.g., ambient air-drying
(AAD), hot-air-drying (AD), freeze-drying
(FD), oven-drying (OD) and vacuum
microwave drying (VMD). The third objective
of this study was to investigate the effect of
freeze-drying process on the concentrations of
metals and metalloids in plant biomass as
compared to conventional ambient air-drying
and oven-drying processes.

Materials and Methods
Soil samples were collected (0-15 cm

depth) in a restricted circle about 60 cm
around the plant species and consisted of a
homogeneous sample (around 4 kg) of four
subsample points. After sampling, the soils
were dried at room temperature, mixed,
homogenized and sieved through a 2 mm
screen. The eighty five plant, lichen and moss
samples were collected from the different sites
of the mining affected area. The root, stems,
leaves and flowers of plant species were sepa-
rated and freeze-dried, ground in Teflon (balls
and capsule) mills, thoroughly homogenized,
and made into 250-mg pellets for neutron
activation analysis, following the k0-stan-
dardized procedure. All elemental determina-
tions of bulk soil and plant samples were car-
ried out at the Portuguese Research Reactor of
the Technological and Nuclear Institute (RPI-
ITN, Sacavém; maximum nominal power:
1 MW), by k0-INAA. 

For the experiments to evaluate the dif-
ferent drying processes, the leaves of plant
samples were divided into three parts. One
portion of samples was processed for air-dry-
ing, another for oven drying and the other for
freeze drying. The air drying of plant leaves
was performed in summer time open air (May
2009) at ambient temperature (av. 20oC)
with 70% relative humidity (annual average).
The samples were fully air dried for about two
weeks. The plant leaves were air-dried like
above and subsequently oven-dried at 65oC
for 4 days. Ground leaf samples were re-dried
at 85oC for > 24 h to remove any moisture
adsorbed by the sample during the grinding
process. For freeze drying, the plant leaves
were fast frozen in a deep freezer and subse-
quently freeze dried for two days in a laborato-
ry freeze dryer. 

Results and Discussion
The mining wastes including modern

slags, oxidized gossan wastes (gossan coarse
blocks, gossan brittle, gossanized volcanic),
country rocks (host volcanics with shales, and

shales), iron oxides, pyrite-rich waste dumps,
industrial landfills and leaching tank refuses
have degraded the Sao Domingos landscape
and created the environmental problems
within an area around 30 km2. The acid mine
drainage production contaminated the soils,
and stream waters along several km stretch,
possibly affecting ground water and water
reservoirs in close vicinity. 

The total concentrations of heavy met-
als in the soil samples were very high and
within the same range as that given for con-
taminated soils from the Spanish Pyrite Belt
studied by Anawar et al. (2006). Silver (Ag),
chromium (Cr), mercury (Hg), tin (Sn) and
iron (Fe) concentrations in most of the tailing
samples are higher than the concentrations in
control area and the maximum allowable
value for soils. In the contaminated soils of
Sao Domingos As and Sb attained high con-
centrations, exceeding 14 and 20 mg/kg,
respectively, the maximum allowable value
for soils. Arsenic and Sb concentrations
ranged 529-6057 mg/kg and 203-2513 mg/kg,
respectively in Sao Domingos mine tailings.
Mercury, in contaminated soils, presented
concentration values from 2.68 to 38.74
mg/kg, being the majority above 10 mg/kg.
These concentrations exceeded the maxi-
mum allowed value for soils according to the
Portuguese legislation (1.0 mg/kg, Abreu et
al., 2008). Silver concentrations ranged from
5.99 to 48.61 mg/kg, being the majority above
5 mg/kg exceeding the maximum allowed
value for soils (5.0 mg/kg, Abreu et al., 1998).

The results of the metal accumulation
studies indicated wide variations from one
plant species to another. Concentrations of
elements in the aerial tissues were below the
toxicity levels referred by Kabata-Pendias and
Pendias (2001) for most studied elements.
However, some plant samples presented As,
Sb, Se and Cr within the excessive or toxic
limits. The concentration of As accumulation
was found in the order of Erica andevalen-
sis>Erica australis, > Corrigiola telephypho-
lia > Eritrae pulcheria > Echium plantagium
L. > Daphne gnidium, Rumex induratus,
Carlina corymbosa L., Ulex eriocladus L.
Gramina, Genista hirsutus L., Lavandula
luisierra. The high levels of As, a severe con-
taminant in Sao Domingos mining area were
found in the aerial parts of the plants indicat-
ing tolerance for this element. The aerial part
of the plants contained between 4.35 and
89.45 mg As /kg, which are above the normal
range for plants (1-1.7 mg /kg), according to 
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Kabata-Pendias and Pendias (2001). The
concentration of Sb accumulation was
almost similar to the trend of As that was
found in the order of Erica
andevalensis>Erica australis, > Corrigiola
telephypholia > Echium plantagium L. >
Eritrae pulcheria > Daphne gnidium,
Rumex induratus, Carlina corymbosa L.,
Ulex eriocladus L. Gramina, Genista hirsu-
tus L., Lavandula luisierra and the concen-
tration of Cr accumulation was found in the
order of Echium plantagium > Lavandula
luisierra > Gramina > Carlina corymbosa >
Cistus ladanifer > Erica andevalensis, Erica
australis, Corrigiola telephypholia, Eritrae
pulcheria, Daphne gnidium, Rumex indura-
tus, Ulex eriocladus, and Genista hirsutus.
Among all the plant samples, higher concen-
trations of all the metals were noted in Erica
andevalensis and Erica australis. 

Considering the size of Sao Domingos
area (30 km2) affected by the old mining
processes, the use of high cost remediation
technologies is not realistic. Therefore, the
phytostabilisation technique, by using spe-
cific tolerant plants with or without the
application of soil amendments, could be a
promising strategy for this abandoned min-
ing area. The plant species Erica australis
Lavandula luisierra, Daphne gnidium,
Rumex induratus, Ulex eriocladus, Juncus
and Genista hirsutus may be of major impor-
tance for the rehabilitation and recovery of
the sulphide mining areas.

The concentrations of metals and met-
alloids in freeze-dried plant biomass showed
the highest values, and were relatively high-
er than those in ambient air-dried plant
materials, but almost similar with the con-
centrations found in oven-dried plant sam-
ples. This trend of metal and metalloid con-
centrations were generally found for all the

plant species collected from the contaminat-
ed mining area; and a few variations in this
trend were also observed. Given the advan-
tages, and disadvantage of the three drying
processes (AAD, FD and OD), the freeze-
drying process is considered to be more con-
trolled and reliable method for determina-
tion of metals and metalloids in plant mate-
rials.  
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Abstract

The Guarapiranga Reservoir, located in S?o Paulo' metropolitan region, Brazil, is
responsible for supplying about 20% of the entire population's water needs of this region
or approximately 3.7 million people. However, this system has shown significant degra-
dation in water quality, due to untreated domestic sewage and industrial effluents. In
this study sediment samples were collected at five points along the reservoir and ana-
lyzed by inductively coupled plasma optical emission spectrometry (ICP OES) and con-
centrations of Co, Cr, Cu, Fe, Mn, Ni, Pb, Ti, V and Zn were evaluated. The digestion
procedure followed the sample digestion following US EPA 3051 methodology. Method-
ology validation according to precision and accuracy was performed by reference materi-
als analyses (SS-1, SS-2 EnviroMAT Contaminated Soil). This paper is a preliminary
assessment of metals accumulated in the sediments and, from these data, to infer the
possibility of these elements interfering adversely on biota of the environment. Metal
concentrations in the samples were compared to the TEL and PEL oriented values estab-
lished by the Canadian Council of Ministers of the Environment (CCME, 2001) and also
adopted by CETESB (Environmental Protection Agency of the Sao Paulo State). Samples
showed high concentration values mainly for the elements Cr (35.6 - 65 mg kg-1), Cu (21
- 3361 mg kg-1), Pb (35 - 69 mg kg-1) and Zn (113 - 188 mg kg-1) for most sampling sites
exceeding TEL values (Cr-37.3, Cu-35.7, Pb-35.0 and Zn-123 mg kg-1). For the other
metals analyzed there is no oriented value for comparison. 

[1] US EPA - Method 3051A - Microwave Assisted Acid Digestion of Sediments,
Sludges, Soils and Oils. 2007.

[2] CCME Canadian Environmental Quality Guidelines - Summary Tables -
http://www.ec.gc.ca/ceqg-rcqe/English/ceqg/sediment/default.cfm, 2001.



492 15th ICHMET

HEAVY METALS IN SEDIMENTS AND REMEDIATION TECHNOLOGIES

Introduction
Arsenic is a metalloid with the atomic

number 33, atomic weight 74.9216, symbol
As and placed in the group VA of the period-
ic table of elements together with nitrogen,
phosphorus, antimony and bismuth. Its
electron configuration is [Ar]18 4s2 3d10
4p3; elemental As has therefore 5 valence
electrons (Petrusevski et al., 2007).

Arsenic is 20th in abundance in the
Earth's crust (2-3 mg As/kg). Major As-contain-
ing primary minerals are arsenopyrite (FeAsS),
realgar (As4S4), and orpiment (As2S3). Realgar
(As4S4) and orpiment (As2S3) are the two
common reduced forms of As. Arsenic occurs
in oxidized form in the mineral arsenolite
(As2O3) (Bhattacharya et al., 2007). 

Arsenic is released into the environ-
ment from two principal pathways: natural
processes and industrial activities. Arsenic
released in the environment through natural
processes such as weathering of rocks and
sediments, hydrothermal ore deposits, vol-
canic eruptions, geothermal activities, forest
fire, wind-blown dust, and seasalt. Arsenic is
also released in the soil environment due to
Mining, smelting, ore processing, pesticides,
fertilizers, and chemical industries (Bhat-
tacharya et al., 2007; Henke and Hutchison,
2009).

The typical concentration of As in
fresh water is 0.1-80 µg/L (Naidu et al.,
2006). In general, As(III) is more mobile in

soils than As(V). The mobility and bioavail-
ability of As are reported to be greater in
sandy soils compared to clayey soils and only
a limited amount (20%) of the total As in
soils is easily mobile and the greater fraction
(80%) is not available for plants due to strong
binding of As with Fe and Al mineral phas-
es(Bhattacharya et al., 2007).

The most important As species in the
aquatic and terrestrial environments are the
oxyacids, arsenite (H3AsO3; pK1=9.2;
undissociated at neutral pH) and arsenate
(H3AsO4; pK1=2.2; anionic at neutral pH).
Dissolved organic compounds may also
influence As mobility by several mecha-
nisms. Stable complexes of fulic or humic
acids may block arsenic absorption by Fe
oxides, alumina, and quartz. In this environ-
ment, microbes play an important role by
causing a reductive dissolution of metal
oxides and release of As bound in the oxides
and organic phases. The presence of dis-
solved organic carbon (DOC) in reducing
aquifers is associated with increased As
mobilization (Bhattacharya et al., 2007).

Total arsenic is the sum of both partic-
ulate arsenic, which can be removed by a
0.45- micron filter, and soluble arsenic. Sol-
uble arsenic occurs in two primary forms:
inorganic and organic. Organic arsenic
species are abundant in seafood, and include
such forms as monomethyl arsenic acid
(MMAA), dimethyl arsenic acid (DMAA), and

Effect of Arsenic Speciation on Remediation 
of Arsenic-Contaminated Soils and Waters
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1Department of Mining Engineering, Mineral Processing Group, Tarbiat Modares
University, Tehran, 14115-143, Iran, M.R.Samadzadeh@modares.ac.ir
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Abstract
There are many Technologies for removing arsenic from drinking water and soils.

Before selecting a treatment technology, it is necessary to know forms of As present in water
or soil. Arsenic mobility and toxicity is greatly affected by its speciation. In groundwater,
inorganic As commonly exists as As(V) (arsenate) and As(III) (arsenite), the latter being con-
sidered to be more mobile and toxic for living organisms, While Organic arsenic species are
very much less harmful to health, and are readily eliminated by the body. Additionally,
As(III) is more mobile in soils than As(V) and organic As is less mobile compared to inor-
ganic forms of As. There for Conversion of As(III) to As(V) is a critical element of any arsenic
treatment process. In this article, arsenic species in different environmental conditions (i.e.
Eh and pH) was compared and efficiency of different remediation technologies for these con-
ditions was discussed.

Keywords: Arsenic, Environment, Toxicity, Remediation
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arseno-sugars. They are very much less
harmful to health, and are readily eliminated
by the body (Petrusevski et al., 2007).

As(V) exists in four forms in aqueous
solution based on pH: H3AsO4, H2AsO4-,
HAsO4

2-, and AsO4
3-. Similarly, As(III)

exists in five forms: H4AsO3+, H3AsO3,
H2AsO3-, HAsO3

2-, and AsO3
3-. The

ionic forms of As(V) dominate at pH >3, and
As(III) is neutral at pH <9 and ionic at pH
>9 (Petrusevski et al., 2007).

Since the net charge of As(III) is neutral
at natural pH levels (6-9), this form is not easi-
ly removed. Figure 1 shows the Eh-pH diagram
of arsenic species (Petrusevski et all, 2007).

Figure 1. Eh-pH diagram of arsenic species
(Petrusevski et al., 2007)

The redox stability of As(III) and As(V)
is dependent on the pH and Eh in solution.
At low pH, As(III) is prevalent between 0 and
500 mV and As(V) is stable above 500 mV.
As the pH increases, As(III) is stable only if
the Eh continuously decreases. The stability
of As(V) increases beyond 0 mV as the pH
increases. (Naidu et al, 2006; Ravenscroft et
al, 2009; Nordstrom and Archer, 2003;
Nriagu et al., 2007).

Iron and its eventual oxidation are
important controls on arsenic speciation in
water. If a water contains little iron, as could be
the case in many groundwaters and high pH
mine drainages, an appreciable amount of arse-
nate may be found at pH>4 (Bednar et al.,
2005). 

This article is a review of arsenic removal
technologies with emphasize on their ability to
remove different arsenic species.

Precipitation processes
Both As(V) and As(III) behave as

chelates and precipitates with many metallic
cations. Ca3(AsO4)2 is the most stable

As(V) species in well-oxidized alkaline envi-
ronments. Under reducing conditions and
high concentrations of Mn in the soils the
solubility of As is controlled by
Mn3(AsO4)2. (Naidu et al., 2006). Satura-
tion index is a appropriate criterion for com-
paring tendency of different metals to precip-
itate with arsenic, and is defined as bellow:

SI = log [IAP / Ks]              (1)
Where IAP and Ks are ion activity and

solubility constant, respectively. Positive SI
values suggests that precipitation occurs.
Fig. 2. shows SI for different metal-arsenic
compounds in different pH values of solu-
tion (this figure was drawn using Visual
MINTEQ software).

Figure 2. Saturation index for arsenic precipi-
tates with different metals,
As(III)=As(V)=10 mM, metal con.=100
ppm, I=0.1, Eh=0.2, T=25 °C.

It can be seen from fig. 2 that arsenic
(As(V)) forms solid species with many metal-
lic cations, especially in pH range 4 to 12. 

Sims et al. (1986) described a fixation
process in which As(V) contaminated solids
are treated by the 1:1 addition of ferrous sul-
fate (FeSO4.4H2O) solution to produce fer-
ric arsenate. It is apparent that O2 availabil-
ity is one of the key factors controlling the
process. FeAsO4 is an insoluble
phase(Naidu et al., 2006).

Fe(H2O6)2+ => Fe(H2O)6
3+ + e-(2)

Fe3+ + AsO4
3- <=> FeAsO4(3) (3)

There for arsenic can precipitate from
solution either by metallic cations directly or by
co-precipitation with metallic hydroxides.
Conventional coagulation involves the forma-
tion of large, non-dispersed particles from a col-
loid, such as hydrated Fe2(SO4)3, and a solute,
such as H2AsVO4

-(Naidu et al., 2006).

Ion exchange
Small-scale systems and point-of-entry

(POE) systems (treating water as it enters the
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home or building) often use ion exchange
(IX) for arsenic removal because of ease of
handling and sludge-free operation. Howev-
er, treatment costs are higher than for con-
ventional treatment in large-scale systems.
The predominant species of As(V), H2AsO4
and HAsO4, are negatively charged, and
thus are removable by IX. Ion exchange does
not remove As(III) because As(III) occurs
predominantly as an uncharged ion
(H3AsO3) in water with a pH value of less
than 9. If As(III) is present, it is necessary to
oxidise As(III) to As(V) beforeremoval by IX
(Petrusevski et al., 2007). The IX process has
been cited as best available technology for
the removal of As from water with low sul-
fate (<50mg/l) and low nitrate (<5mg/l).
Total dissolved solids should be less than
500mg/l (Bhattacharya et al., 2007). Sulfate
and nitrate ions are negative and so can com-
pete with negative arsenic species for ion
exchange process. Higher pH values may be
preferred because arsenic species become not
only more ionic but also more negative.

Membrane filtration
Membrane processes can remove

arsenic through filtration, electric repulsion,
and adsorption of arsenic-bearing com-
pounds. The viability for arsenic removal is
highly dependent on the size distribution of
arsenic bearing particles in the source water.
Membrane filtration is effective in removing
both As(III) and As(V) species. However,
efficiency in removing As(V) is higher than
for As(III) (Petrusevski et al., 2007).

Adsorption processes
Adsorption involves the use of granular

adsorptive media for the selective removal of
arsenic from water with or without pH adjust-
ment and with or without spent media regener-
ation. Several granular adsorptive filter media
have shown high effectiveness in arsenic
removal from water. These include activated
alumina, activated carbon, iron oxide coated or
based filter media including some commercial
media like Aqua-Bind MP, ArsenX, Bayoxide
E33 ferric oxide, Granular Ferrichydroxide
(GFH), MEDIA G2, manganese greensand etc
(Petrusevski et al., 2007).

Above pH 2.20, the charge on the
As(V) oxo-acid is negative. In soils and sedi-
ments, the surfaces of quartz grains and sec-
ondary clay minerals are coated with pH-
dependent metal oxides whose charge is pos-
itive until approximately pH 8, where the

point of zero charge for most aluminum (Al)
and iron (Fe(III)) oxides occurs. Arsenate is
therefore electrostatically attracted to sur-
faces of ferrihydrite, goethite, hematite or ?-
Al2O3. Arsenate is hence less mobile than
the non-ionic As(III) in the environment.
Arsenate adsorption increases with decreas-
ing pH, while As(III) adsorption maximum
generally occurs near its first dissociation
constant (9.22). Interestingly, methylated
As species also sorb onto Fe-oxides with an
affinity in the order from As(V) > DMAA >
As(III) > MMAA (Naidu et al., 2006).

Knowledge of the composition of the
soil solution and its relative concentration is
critical, because potential competitors for
surface sorption sites can be assessed (e.g.
PO4, MoO4, SeO4, SO4) and will help to
determine if As forms ion complexes in solu-
tion, which would affect its sorption charac-
teristics. Phosphate and molybdate in sus-
pensions of metal oxides and clays decrease
the adsorption of As(V) on these
sorbents(Naidu et al., 2006). 

In a short column study it was observed
that pyritic and oxidic materials sorbed
between 2500 and 5000 mg/kg of As(V),
respectively. As(III) was removed far more suc-
cessfully than As(V) over a wide pH range
between 2 and 10 in goethite concentrations of
0.5 and 1 g/L in solution (Naidu et al., 2006).

Arsenic removal by zero-valent iron
Bang et al. (2005) studied removal of

arsenic with zero valent iron filings in water.
Batch experimental results showed that
As(III) removal rate was faster than As(V)
removal rate at pH 4 and 7 under anoxic con-
ditions. XPS spectra showed that As(III) was
reduced to As(0) by Fe(0) under anoxic con-
ditions within 5 days. The reductions from
As(V) to As(III) occurred slowly in As(V)-
Fe(0) system. As(III) inhibited the anoxic
corrosion of iron more dramatically than did
As(V). Under oxic conditions, As(III)
removal was slower than As(V) removal at
pH 7. The removal of arsenic under oxic con-
ditions was attributed to the adsorption on
ferric hydroxides formed rapidly through oxi-
dation of Fe(0). Fig. 3 shows the pe-pH dia-
gram for the As-Fe-H2O system at 25 °C.
Fe(0) can reduce highly soluble As(V) and
As(III) to sparsely soluble As(0). On the
other hand, iron hydroxides possess a high
adsorption capacity for As(V) and As(III)
(Bang et al., 2005).

It can be seen from Fig. 3 that ferric 
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hydroxide (Fe(OH)3) precipitates from solu-
tion in a wide area with high pe and pH. In
these conditions arsenic species such as
H2AsO4- and HAsO4

2- can be adsorbed on
ferric hydroxide surface and easily removed
from aquase solution. While in more reduc-
ing areas reduction of As(III) to As(0) by oxi-
dation of iron is dominated, resulting in
removal of neutral As(III) species.

Figure 3. Pe-pH diagram for the As-Fe-H2O
system at 25 °C. Total As=4 µM; total
Fe=10-4 M (Bang et al. (2005)).

Electroremediation of As-contami-
nated soils

The electroremediation process
involves the application of a direct voltage
between electrodes placed in the soil. The
concept is based on the electrophoretic mobil-
ity of contaminant ions in the direction of
charged electrodes. The process also involves
the movement of pore-water dragged along by
ions, usually cations, to the cathode. The lat-
ter process, described as the electrokinetic
phenomenon or electroosmosis, enables the
removal of both ionic and non-ionic forms of
contaminants (Naidu et al., 2006).

Bioremediation of As-contaminated soil
Bioremediation is based on the remedia-

tion of contaminated sites using either microor-
ganisms or plants to detoxify the site, largely by
transforming or degrading the pollutants. Biore-
mediation of As-contaminated soils is based on
the ability of the microbes or mold and fungi to
transform As either into a less toxic form (partic-
ularly through bio-oxidation) or into a form that
allows the concentration to be reduced by
volatilization or leaching (particularly through
biomethylation) (Naidu et al., 2006).

They are also beneficial because of their
role in facilitation of oxidation of ferrous ions

to ferric that lead to the precipitation of iron
compounds like ferric hydroxide or jarocite.
Precipitation of these compounds cause fur-
ther arsenic removal by co-precipitation or
adsorption processes. 

Microorganisms or plants which are
used to detoxify the arsenic contaminated
sites should be able to grow and live in pres-
ence of high concentrations of heavy metals
that is common in contaminated soils and
waters. For example, bacteria, called as Bacil-
lus arsenoxydans, could grow in culture
media containing up to 1% As2O3 as arsenite
and brought about its oxidation to arsenate
(Naidu et al., 2006).

Conclusion
As discussed above, arsenic removal

from water and soil is greatly dependent on its
oxidation form. While As(V) can be removed
easily by different remediation methods,
As(III) species are more mobile since their
neutral charge in a wide pH values. As(III)
hardly forms ionic species even in presence of
strong complexing agents and there for its oxi-
dation to As(V) is essential for its removal
from contaminated soils or waters.
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Cabbage - a Zinc Hyperaccumulator?
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Abstract

The species belonging to the botanical family Brassicaceae are considered to be use-
ful for phytoremediation of soils contaminated with heavy metals. Our study reveals the
usefulness of the white cabbage (Brassica oleracea subsp. capitata f. alba) for the purifi-
cation of the soil from zinc by phytoextraction. Zinc was applied 10 days before planting
(200 mg Zn kg-1 dry weight of soil). Control plants were not treated with Znl. It was
established that despite the presence of Zn in the soil, the contaminated plants produced
their heads. Physiological and biochemical changes, which were triggered by the metal,
were overcome, or there were considered as the adaptive changes. Accumulation of Zn
per dry weight unit of cabbage head was high, and amounted to 400% of control. Thus,
white cabbage can be used for phytoremediation of soil contaminated with zinc.

Project The exploitation of white cabbage for phytoremediation and biofumigation
of soils (AGROBIOKAP) co-financed by European Union from European Regional Devel-
opment Fund in a framework of the Innovative Economy Operational Programme 2007-
2013.
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Phytoremediation of a Former Mine Site: Miscanthus X Giganteus,
a Potential Tool
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Abstract

Mining activities produce a huge amount of contaminated wastes, particularly in
metallic elements and metalloids. These elements, PTEs (Potentially Toxic Elements) pres-
ent serious hazards for environment namely for groundwater and food chain contamination.
As classical decontamination solutions are very expensive, the necessity to find alternative
rehabilitation is fundamental.

The studied site is a former gold mine where mining wastes are stored in a settled
basin since 1970. Native vegetation has gradually colonized the site and an anthroposol has
formed. Main PTEs are arsenic (As), lead (Pb) and antimony (Sb) with concentrations reach-
ing sometimes several percents i.e. As levels are within 1 700 and 83 000 mg/kg, Pb within
320 and 15 000 mg/kg and Sb reaches 1 100 mg/kg. 

Soils developed from mining wastes have been desribed and characterized. Parameters
such pH, CEC, organic carbon have been measured by classical methods. Thus, pH are
between 3 and 5 which is acidic. CEC is low in parental material (on average 5 cmol(+)/kg)
and inreases in organic horizons reaching 63 cmol(+)/kg. Organic carbon level reaches very
high content (till 426 g/kg). Overall, soils are shallow.

Miscanthus x giganteus is a Poaceae originated from South East Asia which is cropped
for its energetic interests (biofuel) as it has a high lignio cellulosic biomass. Its potential
adaptation on this anthroposol is assessed after 3 months of crop in phytotron. Physiologi-
cal parameters such as fluorescence of chlorophyll a, gas exchanges (particularly Pn, gs, Ci
and Tr), chlorophyll a and b and carotenoids content are assessed to determine whether the
plant is stressed by the contamination. 

Thus, values of Fv/Fm (the maximum photochemical efficiency) and gas exchanges
indicate an impact on physiological activity through an inhibition of its activity and physio-
logical development. Photohemial efficiency of photosystem II (ΘPS II) is also onsidered. 

PTEs accumulation in biomass is assessed and bioaccumulation and translocation fac-
tors are calculated. Both never exceed 0.19 indicating a very low accumulation of PTEs even
if the soils are highly contaminated. 

Moreover, the bioavailability (single extraction) as well as the geochemical behaviour
of PTEs in soils seem to be linked to the soil mineralogy determined by XRD and SEM.

The major conclusion is (i) the capacity of adaptation of miscanthus on very high con-
taminated soil and (ii) its use to phytostabilize and valorise contaminated soils for energy
cropping. Without any fertilization, the biomass yield is however lower than crops on a com-
post. Other tests with sustainable fertilization should be performed.
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Introduction
For Rostov oblast, which is one of the

main agricultural regions of Russia, the prob-
lem of remediation of polluted soils in order to
reduce the uptake of HMs by crops is of great
importance. There are no known ameliorants
produced in Russia specifically for weak-alka-
line polluted with heavy metals soils which
are typical to the Rostov region. The objective
of our research is to investigate Zn and Pb
mobility in soil under chalk, glauconite,
manure applying and their combinations.

Methods
Chernozem with ph 7.5 which con-

tains clay 58%, was the object of the
research. In the fall Zn and Pb were intro-
duced into the plough-layer (0-20 cm) sepa-
rately as dry acetate salts and were thorough-
ly intermixed with soil. The dose introduced
was collocated with 3 maximum concentra-
tion limits (MCLs) in gross forms: Zn: 300
mg/kg, pb: 96 mg/kg of soil. The choice of
these elements as subjects of inquiry was
due to the fact that from out of 10 potential
toxicants (Hg, Cd, Pb, Zn, Cu, Cr, As, Mn,
Ni, V) in the Rostov region only Pb, Zn and
Cu contents exceed the MCLs in both the
soil and the agricultural products. 

The area of the experimental plot was
50 m2. There were 3 replicates. The field
experiment was carried out for 5 year. After
artificial soil contamination chalk
(2.5 kg/m2 and 5 kg/m2), glauconite
(2 kg/m2) and semi-fire-fanged cattle
manure (5 kg/m2), as well as their combina-

tions, were applied as ameliorants. The
studied crop was spring barley (Hordeum
sativum distichum). The crop samples were
collected during the completed ripeness
phase together with soil samples (0 to
20 cm). The metal compounds extracted
with 1 M NH4OAc, pH 4.8 (soil : solution
ratio of 1 : 5, extraction time 18 h) are classi-
fied as exchangeable. The 1 % EDTA in 1 M
NH4OAc, pH 4.8 (soil : solution ratio of 1 :
5, extraction time 18 h) presumably extracts
exchangeable heavy metals and those bound
in the organometallic complexes. These
extractants are recommended for determin-
ing the mobile forms of heavy metals in agri-
cultural soils (Mineev, 1989). The difference
between the metal contents in the 1 %
EDTA in NH4OAc and 1M NH4OAc
extracts should characterize the content of
metals bound in complexes with the soil
organic matter (Minkina et al, 2006). The
heavy metals concentrations in plants were
determined by dry method. Analysis of the
metals in extracts from the soil and plants
was made using an AAS.

Results and discussion
In case of Chernozem, transformation

of heavy metals introduced as soluble salts
resulted as their redistribution into various
forms. The general regularity of Zn and Pb
distribution by combination forms in the
check soil, under contamination and amelio-
rant variants is as follows: complex-bound
forms<exchangeable forms<acid soluble
forms (table 1).

The Effect of Various Ameliorants Applications on the Amounts
and Forms of Heavy Metals in Soil-Plant System

T.M. Minkina1, S.S. Mandzhieva1, O.G. Motuzova2, 

G.V. Nazarenko3, E.M. Antonenko3

1Department of Soil Science and Agrochemistry, Southern Federal University, 194/1,
Stachki prosp. Rostov-on-Don, 344090, RUSSIAN FEDERATION, minkina@bio.rsu.ru
2Moscow State University, Faculty of Soil Science, Vorob'evy Gory, Moscow,
RUSSIAN FEDERATION
3Agro-Ecological Department, Don State Agrarian University, Rostov region, Per-
sianovskiy, 346493 RUSSIAN FEDERATION

Abstract
The artificial contamination by zinc and lead was accompanied with increasing their

mobility in Chernozem. It is shown the direction of processes of Zn and Pb transformation
in a Chernozem. Applying glauconite and especially chalk separately or together with
manure reduced Zn and Pb mobility in soil. The positive effect from the ameliorants applied
once left during 3 years.

Key words: Bioavailability, fractions, heavy metals, mobility
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During the initial investigating year
contaminated soil shows a noticeable
increase of Zn mobile combination forms of
up to 33 mg/kg, which exceeds the MCL
(MCL=23 mg/kg). The amount of Pb is
13 mg/kg, which exceeds at almost twice the
level of the MCL of 6 mg/kg.

With the 3 years of time the concentra-
tion of the investigated HMs mobile forms
in the contamination variants reduced: Zn
by 20% and Pb by 25% within 3 years. With
the passage of time there is a further redistri-
bution of absorbed heavy metals between
those soil components which possess the big
affinity to metal cations. The concentration
of Zn acid-soluble forms and Pb complex-
bound forms increases under the decreases
their mobile forms. Meanwhile there was no
exchangeable metal forms reduction to the
MCL level. 

The results are supported with correla-
tion between Zn (r=0.83±0.21) and Pb
(r=0.96±0.11) exchangeable forms and the
heavy metals contents in the barley grain
and straw. The distribution of metals in the
barley organs also changed. The two-way
ANOVA procedure showed than the con-
tents of Zn and Pb in the soils and in the bar-
ley organs significantly differed between the
control and the polluted experimental vari-
ants (ANOVA: F=23.9, P<0.001 and
F=105.6, P<0.001, respectively). The inter-
action between the factors studied was also
reflected in the contents of both metals
(F=215.2, P<0.001).

The contents of Zn in grain, stalks and
roots of barley grown on the unpolluted soil
were in the ratios of 1 : 1 : 1; in the polluted
soil, 1 : 1 : 3. As for Pb, these ratios were 1 :
5 : 15 and 1 : 4 : 8, respectively.

Thus, upon the application of Zn, the
barrier became higher at the root-stalk and
stalk-grain interfaces by factors of 2.8 and
1.1, respectively; upon Pb application, it was
lowered by factors of 2.2 and 3.5, respective-
ly. Therefore, the main barrier function for
reducing Zn uptake by plants is performed
by their roots. As the metal penetrates the
roots, its chelation takes and, thus, a
decrease in its mobility take place. Cells of
Casparian strip that prevent or restrict the
movement of substances within the intercel-
lular space can perform the protective func-
tion in the roots (Matveev et al., 1997;
Yagodin et al., 1996).

With time, the absorption of the met-
als by the plants decreased, but the stable
contamination of spring barley with Zn and
Pb was well seen. The content of Zn and Pb
in the generative organs was higher than the
MPCs for three years after the soil pollution
(Table 2). 

Some differences in the character of the
accumulation of the metals in barley plats
were revealed. In the first and second years,
the contents of Zn in all of the plant organs
decreased by 8-10 and 21-22%, respectively.
The ratios of Zn concentrations in grains,
stalks, and roots remained constant. The
translocation of Pb was less expressed in the
following years. On the second and third
years, the Pb content in barley grain and
stalks decreased by 33 and 65%, respective-
ly; in the roots, it changed insignificantly. To
characterize the barrier function of plants, a
coefficient of biological absorption (CBA)
may be used. This coefficient represents the
ratio between element concentrations in
plant ash and in the soil (Kovalevskii, 1974;
Polynov, 1956).

Table 1. The total content and forms of weakly fixed Zn and Pb compounds in ordinary
chernozem, mg/kg (n= 9)
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The CBA value indicates the biophilic
capacity of a chemical element, and its
changes show the level of technogenic loads
on the soil. 

In the control soils, all of the plant
organs were found to use HM compounds
more completely (Table 2), especially in the
case of Zn, which is one of the essential
microelements. According to the CBA values,
Zn belongs to the group of elements of strong
accumulation, whereas Pb belongs to the
group of elements of weak and very weak accu-
mulation. A significant difference between
these elements is the fact that, under Zn pollu-
tion of the soil, the CBA value decreased,
whereas, under Pb pollution, it increased. The
same tendency was revealed for the second
and third years of the experiment. In our opin-
ion, this fact is explained by the biochemical
role of Zn and Pb in plants and by the protec-
tive properties of the latter against pollutants.

The coefficient of accumulation (Cac) is
a more objective criterion for assessing the
barrier functions of the soil-plant system. It is
calculated as the ratio between the content of
an element in the dry plant mass and the con-
tent of its mobile (available) forms in the soil.
According to Knox (2000), this ratio is called
the transfer factor, since it reflects the migra-
tion capacity of a pollutant. Mobile forms of
elements are usually estimated according to
the contents of their exchangeable forms (in
the AAB extract). The Cac can be calculated
on the basis of data on the content of
exchangeable forms of metals; it can also be

calculated on the basis of data on the total
content of weakly fixed metal compounds
(Table 1), since a close correlation exists
between the content of the weakly fixed met-
als in the soil and their accumulation in the
plants.

The highest values of CBA and Cac
were characteristic of plants growing on con-
taminated soils. On the contaminated soils,
the Cac for Zn decreased considerably and the
Cac for Pb decreased to a lesser degree. The
Cac values for exchangeable Zn and Pb dif-
fered by a factor of 10; the Cac for their weak-
ly fixed forms differed by a factor of 5 due to
the protective response of the plants against
an excess of Zn in the soils. In the following
years, the Cac values for Zn were stable and
the Cac values for Pb somewhat decreased.

The differently directed changes in the
CBA and Cac may be an evidence of the fact
that plants utilized mobile forms of the ele-
ments, the relative contents of which
increased in the contaminated soils. There-
fore, the characterization of metal uptake
processes on the basis of data on the total con-
tent of HMs in the soil is less informative
than their characterization on the basis of
data on the content of available forms of HMs
in the soil. Note that the Cac values in the
vegetative organs of barley grown on the con-
taminated soils were higher than those in the
storage organs (grain) (Table 2), which attests
to the existence of barriers preventing the
penetration of excessive amounts of HMs
into the generative organs.

Table 2. The contents of Zn and Pb in spring barley, coefficients of biological absorption (CBA) and
coefficients of biological accumulation (Cac) of metals by spring barley organs, mg/kg (n= 9)
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The results indicated significant differ-
ences between chalk, manure and glauconite
in the level of their impact upon the heavy
metals state in soil and intensity of their
entrance into crops. 

The content of exchangeable, most
crop-accessible Zn and Pb combination
forms during the initial investigating year
goes down to the MCL level and is less in the
carbonate-containing variants, especially
with manure. Glauconite showed better
results in combination with manure but
weaker than carbonates.  It has been stated
that Zn and Pb mobility reduced under soil
remediation during 3 years. 

The heavy metals contents got lower
than MCL under chalk and manure combi-
nation applying: lower 50.0 mg/kg for Zn
and 0.5 mg/kg for Pb. A decrease in the
mobility of metals in the soil under the
impact of the ameliorants resulted in a sig-
nificant lowering of the CBA values for Zn
and Pb throughout all three years of the
experiment. In the variants with combined
application of chalk and manure, the Cac of
Zn gradually increased. This indicates that
barley plants have their own mechanisms for
the self-regulation of the uptake of biophilic
elements. No such mechanisms were
revealed with respect to Pb.

Conclusions
In the field experiment on small plots,

the combined application of chalk and
manure to Zn- and Pb-contaminated ordi-
nary chernozems (pH 7.5) decreased the con-
tent of weakly fixed metal compounds in the
soil by a factor of almost 3 and lowered their
concentrations in barley plants. 

The effect of combined action of chalk
and manure was stronger than the effect of
glauconite and manure applied separately or
together. 

The content of metals in plants grown
on polluted soil is a reliable indicator of a
metal's mobility in the soil and clearly
reflects changes in the concentrations of
mobile metal compounds in the soil and the
efficiency of remediation measures. 

The barrier functions of a soil with
respect to pollutants can be judged based on
the data on the distribution of firmly and
weakly fixed metals in the soil. The barrier

functions of plants with respect to particular
pollutants (heavy metals) can only be esti-
mated in the case of some disturbances in
the plant system related to the redistribution
of metals in the plant organs and to the
intensity of metal accumulation in the
plants (estimated as the CBA and Cac). 

The decrease in the intensity of Zn
accumulation in generative organs of barley
shows the presence of a barrier at the root-
stalk and stalk-grain interfaces. The action
of this barrier becomes more important upon
the weakening of the barrier function of the
soil.
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Introduction
Approximately three decades after Mae

Sot district in Tak province of Thailand has
been classified as the richest source of zinc in
the country and mining activities flourished,
the surrounding areas have been identified
as high risk areas of heavy metal contamina-
tions. The very same area is also a major
rice-producing region in the northwestern
Thailand. The situation exacerbates as
water for farming is mostly provided via irri-
gation canals (Simmons et al., 2005). It has
been reported that Thai jasmine rice pro-
duced from the area of Mae Sot district, Tak
Province, contained markedly elevated Cd
levels (Limpatanachote et al. 2009). Pro-
longed consumption of the rice containing
elevated levels of cadmium (Cd) leads to cad-
mium toxicity and becomes a significant
health issue, especially in subsistence com-
munities. Health problems related to heavy
metal toxicity have recently started to mani-
fest among the villagers and caught public
attentions. There have been attempts from

several governmental agencies to alleviate
the heavy metal contaminations and the
health-related problems. 

Phytoremediation has been proposed
as one of the alternatives to confine the con-
tamination problem to the area. At the same
time, it should reduce the chance for the
heavy metals to enter into the food chain. A
number of native species have been studied
for their potential to be used in phytostabi-
lization and phytoextraction. Nevertheless,
most of these plants are weeds and have no
economical values known to the villagers. 

In order to provide a more sustainable
solution to the villagers, we have studied in
the field the heavy metal uptake and their
distribution in planta of six economic plant
species, including African lily (Agapanthus
africanus), Chinese chive (Allium tubero-
sum), nugget marigold (a triploid hybrid
between American (Tagetes erecta) and
French (Tagetes patula) marigolds), Chinese
cabbage (Brassica rapa), water morning glory
(Ipomoea aquatica), and lettuce (Lactuca
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Abstract
Phytoremediation has become of major interest for heavy metal contamination in

Baan Padae, Mae Sot district, Tak province, Thailand, where a zinc mine is nearby. It has
been well reported that microorganisms may help enhance phytoextraction efficiency of
heavy metals. We selected six species of plants, including African lily, Chinese chive, nugget
marigold, Chinese cabbage, water morning glory, and lettuce for our study.  The plants were
treated with commercial arbuscular mycorrhiza (AM) fungi or a mixture of bacteria that had
been previously isolated from the contaminated site and cultivated in laboratory before
planting in the field site of Baan Padae village. Plant materials: roots, stems, and leaves, and
soil samples were collected for analysis with ICP-OES. We found that microbial diversity in
the plots treated with bacterial mixtures was generally higher than those with AM and the
control. The treatments with AM fungi and bacterial mixtures appeared to differ in accumu-
lation levels of Zn, Pb, Cd, and Fe as well as their distributions within the plant parts. For
examples, marigolds accumulated a significantly greater amount of Zn in their stems than
other treatments when treated with AM, and accumulated a significantly greater amount of
Pb and Cd in their stems than other treatments when treated with the bacterial mixtures.
However, neither of the treatments showed significant effects on Fe accumulation in
marigolds. These results suggested that AM and bacterial mixtures could participate in dif-
ferent mechanisms to enhance accumulation of different heavy metals by the plants.

Keywords: Field experiment, heavy metals, microbial, mycorrhiza, phytoremediation
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sativa) to assess the effects of arbuscular
mycorrhiza fungi and bacterial mixtures on
phytoremediation efficiency by investigating
accumulation of heavy metals: Cd, Zn, Pb,
and Fe in roots, stems, and leaves of the
studied plants.

Materials and Methods
The studied site was located in Baan

Padae sub-district, Mae Sot district, Tak
province in the northwestern Thailand. The
total experiment area was in a garden area of
Baan Padae School, and was approximately
500 m from irrigation canals.  The studied
plot was approximately 120 m2 and divided
into three blocks (40 m2 each). Each block
was further divided into six plots for six plant
species. The plants in block one were treated
with arbuscular mycorrhiza fungi (AM).
Those in block two were treated with bacter-
ial mixture. Those in block three were the
untreated control.

We selected six economic plant species
with market potentials in the areas. These
included African lily (Agapanthus africanus),
Chinese chive (Allium tuberosum), nugget
marigold (a triploid hybrid between Ameri-
can (Tagetes erecta) and French (Tagetes pat-
ula) marigolds), Chinese cabbage (Brassica
rapa), water morning glory (Ipomoea aquati-
ca), and lettuce (Lactuca sativa). In the treat-
ment blocks, plant seedlings were submerged
in either AM or bacterial mixtures before
planting in their corresponding blocks.

Commercialized granule formulation
of Arbuscular mycorrhiza fungi (AM) was
purchased from Land Development Depart-
ment of the Ministry of Agriculture of Thai-
land. Bacterial mixtures were prepared from
strains of bacteria isolated from the contam-
inant area. Each strain of bacteria had been
isolated and maintained as a pure strain in
the lab. Each was prepared and cultured to
achieve similar optical density before mixing
together prior to the treatment.  

Analysis of heavy metal concentrations
was performed with Inductively Coupled
Plasma Optical Emission Spectometry (ICP-
OES, Optima 7300 DV, Perkin-Elmer, USA)
following HNO3 -HClO4 digestion proce-
dures followed by AOAC official method of
analysis (Horwitz and Latimer, 2005) at the
Department of Science Service, Ministry of
Science and Technology (Bangkok, Thai-
land). Soil and plant samples were always
run together with references of Cd, Zn, Pb,

and Fe. Diversity of microorganisms was
assessed by plate counting technique. 

Results and Discussion
The treatments with AM and bacterial

mixtures appeared to differ in accumulation
levels of Cd, Zn, Pb, and Fe as well as their
distributions within the plant parts. Figure 1
shows accumulation of Cd, Zn, Pb, and Fe in
roots, stems, and leaves of the studied plants
after the 4-month experiment. We found
that Zn was accumulated in roots of most
plants at a higher concentration than in
other plant parts with an exception of
marigold, which accumulated a significantly
greater amount of Zn in their stems than
other treatments when treated with AM,
and accumulated a significantly greater
amount of Pb and Cd in their stems than
other treatments when treated with the bac-
terial mixtures. 

In addition, the bacterial treatments
may enhance Zn accumulation in lettuce.
Conversely, the microbial treatments may
help stabilize Cd and resulted in reduced Cd
accumulation in Chinese cabbage. Never-
theless, neither of the microbial treatments
seemed to significantly affect Pb accumula-
tion in the studied plants. It was also inter-
esting to observe that the AM and bacterial
treatments may lead to different effects on
Fe accumulation in different plant species.
These results suggested that AM and bacter-
ial mixtures could participate in different
mechanisms to enhance accumulation of
different heavy metals by the plants, which
was concurrent with our previous experience
with mycorrhizal fungi and arsenic accumu-
lation in plants (Jankong and Visoottiviseth,
2008).

Mild toxicity was observed on leaves of
a small number of test plants throughout our
study. We found that microbial diversity and
microbial concentration (calculated from the
number of colony forming unit of microor-
ganisms per unit of soil) in the plots treated
with bacterial mixtures were generally high-
er than those with AM and the control. This
might be due to the fact that these bacteria
may possess siderophore-producing capabili-
ty as its significance has been reported
(Rajkumar et al., 2009). In addition, these
bacteria were originally from the contami-
nated sites; thus, being able to better tolerate
the concentrations of heavy metals in the
field. 
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Conclusion
The analysis of Cd, Zn, Pb, and Fe

accumulation in roots, stems, and leaves of
six plant species of economic interest after
being treated with either arbuscular mycor-
rhiza fungi or bacterial mixtures implied
that microbes may play an important but
distinct role in bioavailability of these heavy
metals, their accumulation and distribution
in planta.   In this particular case of Baan
Padae subdistrict, Mae Sot district, Tak
province, Thailand, African lily and Chinese
chive accumulated very low level of Cd. In
addition, either microbial treatments could
reduce Cd accumulation in cabbage to a level

lower than the maximum level of Cd in food
recommended by Codex Alimentarius Com-
mission (CAC) of FAO/WHO, 0.4 mg/kg
(Kikuchi et al. 2008), whereas both water
morning glory and lettuce from the contam-
inated area should not be consumed as they
may accumulate an elevated level of Cd and
may pose certain health hazard to the public.
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Figure 1. Accumulation of Zn, Pb, Cd, and Fe in roots, stems, and leave of African lily, Chi-
nese chive, nugget marigold, Chinese cabbage, water morning glory, and lettuce after plant-
ing for 4 months in Baan Padae subdistrict, Mae Sot district, Tak province of Thailand. 
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Introduction
Heavy metal analyses in sediments

allowed the observation of the concentra-
tions of these pollutants that in some cases
are absent or in very low concentrations in
the water column (Davies et al., 2006). Sedi-
ments are also considered of great impor-
tance in the evaluation of aquatic ecosystem
contamination due to its capacity in accu-
mulating heavy metals, as well as for being
recognized as stock and source of these ele-
ments to the environment (Lima, et al.,
2001). 

Materials and Methods
The drainage of the area is dominated

by the Contas River, born in the Guimaraes
Chapada and extend itself for 400km until
reaches the South Atlantic Ocean in Itacaré
Municipality, NE, Brazil, 90 kilometers
from the sampling area.

The mining area is almost totally
inserted at the Peixe river micro basin, a
right margin tributary of the Contas River.
Only the northeast extremity, where the
mining plant is located, is drained by the
Onça Creek micro basin, also a tributary of
the Contas River (Figure 1).

Bottom sediments were sampled with
the help of a Van-Veen grab and the samples
were collected between 2008 and 2009 every
three months. The samples were placed in
plastic bags and transported to the lab in ice
boxes. In the Lab the samples were dried,
sieved (< 63) and digested by strong acid
mixture (EPA method 3050b). Heavy metal
(Fe, Cd, Hg, Cu, Cr, Zn, Ni and Pb) content
was determined with the help of an ICP-AES
and with a vapor generating accessory for Hg
determinations.

Effects of Nickel Mining in the Heavy Metal Distribution 
in Sediments of a Tropical River, Ne, Brazil
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Abstract
The studies of the heavy metal distribution in river sediments allow the identification

of its punctual sources as well as the extension of its contamination, once they represent a
serious threat to these ecosystems equilibrium [1]. The objective of the present work is to
study the heavy metal (Fe, Cd, Hg, Cu, Cr, Zn, Ni and Pb) distribution in surface sediment
samples (<63 µm) from the medium drainage basin of the Rio de Contas (RC) River and its
main tributaries in order to investigate the effects of a Nickel Mining Company activities.
The studied area is under direct and indirect of the mining company that was installed there
since 2006 and it begun to operate in 2008. The Contas River is a 620 Km long and dis-
charges its waters in the Atlantic Ocean at the Municiality of Itacaré (BA). Bottom sediments
were sampled with the help of a Van-Veen grab and the samples were collected between 2008
and 2009 every three months. The samples were placed in plastic bags and transported to the
lab in ice boxes. In the Lab the samples were dried, sieved (< 63) and digested by strong acid
mixture. Heavy metal content was determined with the help of an ICP-AES and with a vapor
generating accessory for Hg determinations. The highest concentrations were always
observed in the sampling sites near where the mining activities takes place, with the excep-
tion of Pb (Fe  30,60 g/Kg; Cd 0,097 mg/Kg, Cr 755,1 mg/Kg; Cu 106,8 mg/Kg; Zn- 52,13
mg/Kg; Hg 0,020 mg/Kg and Ni 1622 mg/Kg). The data obtained strongly suggests that the
mining activities are enhancing the heavy metal concentrations of the sediments of the area.

Key words: Heavy metals, sediments, Contas River, mining company
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Results and Discussion
The obtained data showed elevated

concentrations of Cr, Cu, Fe and Ni in the
sampling station located near the mining
activities (P2 and P6). The others elements
like Hg, Cd and Pb presented concentrations
inside the range considered as back ground
levels in all the sediments (Table 1). Sam-
pling site P2, that presented very high metal
content, is in a small dam in a creek that
crosses the mining area. The other point
that present higher concentrations, although

not as high as the P2 station is P6 already
located in the Contas River. Showing that
the metal released in the drainage area is
already reaching the main river and due to
the high concentrations soon will be affect-
ing all the drainage downstream. These sta-
tions already presented heavy metals con-
centrations above the maximum concentra-
tion permitted by the Brazilian Laws (Cona-
ma-Brasil 344/2004). Therefore represent-
ing a clear treat to this aquatic environment.

Figure 1. Sampling site locations along the Contas River (P5, P1, P6 and P7) and along its
tributaries, Peixe River (P3 and P4) and in Santa Rita Creek (P2). The yellow X box showed
the mining site location.

X

Table 1. Average heavy metal concentration (mg/Kg) is sediments along the Contas River
drainage basin, NE, Brazil.

* Concentrations above the maximum permitted (µg.g-1) by the Brazilian Law (Conama-Brasil 344/2004): 
Cd - 1.2; Zn - 150; Cu - 34; Pb - 46.7; Cr -81; Ni - 20.9
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Although the used EPA method (EPA
3050b) cannot be considered a total diges-
tion technique, it is indeed a very strong acid
digestion that provides an idea of the "envi-
ronmentally available" metal fraction, table
2 compares the data of the present study
with other areas. It was possible to observe
that the concentrations of certain elements
(e.g. Ni, Cu and Cr) can be considered as very
high even when compared to areas consid-
ered as polluted. Although specific studies
must be performed in order to properly eval-
uate the environmental conditions and the
effects on the environment and the local
biota and human population health, we
strongly suggests that the effects in the local
environment are already probably severe. 

Conclusions
The data obtained strongly suggests

that the mining activities are enhancing the
heavy metal concentrations of the sediments
of the area. Therefore, specific studies must
be performed in order to properly evaluate
the environmental conditions and the effects
on the environment and the local biota and
human population health. The authors
strongly suggest that the effects in the local
environment are already probably severe. 
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Introduction
Geochemical research on lake and river

sediments has been widely used in prospect-
ing for mineral deposit. In addition, nowadays
it is commonly used to estimate the state of
pollution of surface waters by heavy metals
and toxic organic substances. In Poland, since
several years contemporaneous river and lake
sediments have been commissioned for mon-
itoring by Chief Inspector for Environmental
Protection. The sediments have been exam-
ined for the concentration of chosen 12 trace
elements, important due to quality assess-
ment of the local environment. In addition
permanent organic pollution control has been
performed. However, the research does not
include REE. 

Trace element behavior depends on
many factors. Among the factors having influ-
ence on concentration of the trace elements in
sediments are: the lake basin lithology, the
morphometric parameters like the length and
shape of the shore line, physical and chemical
conditions (pH, Eh) and the land manage-
ment around the lake. Another factor affect-

ing variability of the trace elements content is
the type of the sedimentation zone
(Bojakowska and Sokołowska, 1997). 

Materials and Methods
Sediment samples from 30 lakes, locat-

ed in the northern and central part of Poland,
were collected to determine the influence of
the sedimentation zone and the effect of the
lake basin lithology on the concentration of
chosen trace elements including into them
REE. The selected lakes are developed on
homogeneous glacial deposits: sands and
gravels of high permeability or tills and clays
of low permeability. Two samples have been
collected from each lake: one from littoral and
one from profundal zone. The samples from
the deeper lake zone were collected with the
use of Kajaka sampler, the samples from the
shore zone were collected with the scoop. The
top 5 cm thick layer of the sediment was used
for the research. After being dried at room
temperature the samples were sifted trough
nylon sieves ϑ 0,2 mm to remove pieces of
rocks and wood or any anthropogenic materials.

Distribution of Heavy Metals and Rare Earth Elements 
in Sediments of the Littoral and Profundal Zone 

from the Selected Lakes of Poland

K.B. Małecka

Institute of Geochemistry, Mineralogy and Petrology,  Faculty of Geology, University of
Warsaw, Al. Zwirki i Wigury 93,  02-089 Warsaw, POLAND, k.malecka@uw.edu.pl

Abstract
60 sediment samples were collected from 30 glacial lakes of Pomerania, Wielkopolska-

Kujawy and Warmia-Masuria Lakelands. Two samples were taken from each lake: one from
littoral and one from profundal zone. The selected lakes are developed on homogeneous gla-
cial deposits: sands and gravels of high permeability or tills and clays of low permeability.
The influence of the lake basin lithology and sedimentation zone on the contents of the ele-
ments in sediment was investigated. The samples were digested in Aqua Regia and analysed
by ICP-OES technic: As, Cd, Co, Cu, Hg, Mo, Ni, Pb, Sn, V, W, Zn. REE (La, Pr, Nd, Sm,
Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu) were determined by ICP-MS methods. The sediments
of the profundal zone show higher contents of heavy metal elements, but lower contents of
rare earth elements in relation to the sediments of the littoral zone. The sediments from the
lakes located on the low permeability glacial sediments are more abundant in heavy metals
and REE in relation to the sediments from the lakes located on high permeability glacial sed-
iments. Distribution of the trace elements in lake sediments is strongly dependent on the
type of geological formations on which the lake is developed and on the sedimentation zone
of the lake. Heavy metals preferentially accumulate in the sediments of the deepest zone of
the lake. It is promoted by reductive environment, high organic matter content and the pres-
ence of clay minerals. Rare earth elements are more abundant in the sediments of the littoral
zone. It seems that the major control on the REE concentration is the content of clastic
material (allogenic minerals, probably monazite). This material comes from the erosion of
rocks, which form the immediate catchment area of the lake.

Key words: Lake sediments, heavy metals, REE
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After digesting in Aqua Regia the content of:
As, Cd, Co, Cu, Hg, Mo, Ni, Pb, Sn, V, W, Zn
by ICP-OES method and the content of REE:
La, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm,
Yb, Lu by ICP-MS method have been deter-
mined.

Results and Discussion
The obtained results on lake sediments

revealed the presence of arsenic up to 9,2
mg/kg, cadmium up to 1,9 mg/kg, cobalt up to
8,8 mg/kg, copper up to 28,7 mg/kg, mercury
up to 0,35mg/kg, nickel up to 21 mg/kg, lead
up to 81 mg/kg, vanadium up to 39 mg/kg and
zinc up to 223 mg/kg. 

In most of the analyzed sediment the
content of the above mentioned elements was
similar to the value of their geochemical back-
ground (Lis and Pasieczna 1995). Only the
sediments of Jeleń and Kościelne lakes were
more enriched in the trace elements. Concen-
tration of most heavy metals in sediments of
these lakes was higher than their geochemical
background for lake sediments in Poland. The
content of arsenic in non-polluted lake sedi-
ments is not higher than 5 mg/kg, Cd <0,5
mg/kg, Co od 2-4 mg/kg, Cu 7 mg/kg, Hg
<0,05 mg/kg, Ni 6 mg/kg, Pb <20 mg/kg, V
<5 mg/kg and Zn 73 mg/kg (Bojakowska and
Gliwicz, 2003). 

It was observed that the sediments of
the profundal zone show higher contents of
heavy metal elements than the sediments of
the littoral zone (Fig. 1).

Figure 1. Heavy metal content in profundal
and littoral zone sediments

It was also noticed that the lake sedi-
ments located on high permeability deposits
have lower content of trace elements than
lake sediments of the lakes whose lake

basins are located on low permeability
deposits, rich in clay minerals (boulder clay,
loam) (fig. 2 and 3). The observed presence of
higher amounts of Co, Ni and V in lake sed-
iments is thus dependent on the type of geo-
logical formations on which the lake is devel-
oped. Their presence in sediments is linked
to the weathering of glacial material and
their migration down with runof. The occur-
rence of these elements is connected to the
iron presence. In the shore zone it may be
related to iron hydroxides, whereas in the
profundal zone possibly to iron sulphides.

Figure 2. Heavy metal content in profundal
zone sediments depending on the geological
structure of lacustrine basins

Figure 3. REE content in profundal zone sed-
iments depending on the geological structure
of lacustrine basins
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Analysis of the heavy metals as well as
reminding elements (Al,Fe, Mn, Ca, Mg, Na,
K, P, Ti) constituting phases preferentially
accumulating these heavy metals and also
between TOC (showing similar behavior)
allowed revealing the relationship between
all those groups.

The determination of REE content in
sediments exhibited: lanthanum up to 72
mg/kg, cerium up to 150 mg/kg, praseodymi-
um  up to 17,5 mg/kg, neodymium up to 65
mg/kg, samarium up to 11 mg/kg, europium
up to 0,83 mg/kg, gadolinium up to 9,4
mg/kg, terbium up to 1,51 mg/kg, dyspro-
sium up to 9,2 mg/kg, holm up to 2,05
mg/kg, erbium up to 7,15 mg/kg, thulium up
to 1,21 mg/kg, ytterbium up to 9 mg/kg and
lutecium up to 1,51 mg/kg.

Results on sediments collected from
Jeleń and Kościelne lake show again higher
REE contents than in the samples collected
from other lakes. These amounts are slight-
ly higher than median of REE content in lake
sediments in Europe. Lake sediments have
not been proved for REE contents so far in
Poland that is why there is no information
about the value of their geochemical back-
ground. REE median is different for LREE
(light rare earth elements) (La 24.9 (3-130)
mg/kg, Ce 50.2 (2-231) mg/kg, Pr 5.50 (0.5-
28) mg/kg, Nd 21.3 (2-1170 mg/kg, Sm
4.2590.4-24) mg/kg, Sm 4.25 (0.4-24
mg/kg); Eu 0.87 (0.1-4) mg/kg.

It was observed that the REE content in
sediments of  profundal zone was lower than
in littoral zone (Fig. 4). Not only the higher
content of REE in littoral zone was observed,
but also this sediment was enriched in
LREE. It follows some rules occurring during
weathering process. LREE concentrate more
easily in weathering material than HREE
(Kabata-Pendias A., B. Mukherjee A., 2007).

The results of the analysis also show
that lake sediments containing higher con-
tent of heavy metal elements have in addi-
tion higher content of REE. 

The Jeleń lake sediments contained
among others: 10,2 mg/kg Co; 9,2 mg/kg As;
21 mg/kg Cu; 0,12 mg/kg  Hg; 21 mg/kg
Ni;73 mg/kg Pb; 76 mg/kg V; 175 mg/kg Zn;
28,4 mg/kg La; 61,8 mg/kg Ce; 7,06 mg/kg
Pr; 26 mg/kg Nd; 4,74 mg/kg Sm; 0,98 mg/kg
Eu; 4,05 mg/kg Gd; 0,57 mg/kg Tb; 4,13
mg/kg Dy; 0,8 mg/kg, Ho; 2,39 Er; 0,39
mg/kg Tm; 2,48 mg/kg Yb; 0,35 mg/kg Lu),
the sediments of Kościelne lake contained
(1,9 mg/kg Cd; 4 mg/kg Co; 26 mg/kg Cu;

0,350 mg/kg Hg; 12 mg/kg Ni; 81 mg/kg Pb
17 mg/kg V; 223 mg/kg Zn; 19,8 mg/kg La;
42  mg/kg Ce; 4,98 mg/kg Pr; 18,8 mg/kg Nd;
3,44 mg/kg Sm; 0,66 mg/kg Eu;  3,03 mg/kg
Gd; 0,44 mg/kg Tb; 2,78 mg/kg Dy; 0,6
mg/kg Ho; 1,86 Er; 0,30 mg/kg Tm; 1,94
mg/kg Yb; 0,29 mg/kg Lu). Low content of
heavy metal in lake sediments of Górzno
lake (0,25 mg/kg Cd; 2 mg/kg Co; 5 mg/kg
Cu; 0,085 mg/kg Hg; 3 mg/kg Ni; 14 mg/kg
Pb; 6 mg/kg V; 41 mg/kg Zn); wasn't correlat-
ed with minimal content of REE due to high
content of Zr in sediments (309 mg/kg).

The results proved that profundal zone
sediments have higher content of heavy
metal elements than littoral zone sediments.
However, the content of REE is higher in lit-
toral zone than in profundal zone. The dif-
ference in the concentration between heavy
metal and REE results from the difference in
their affinity for mineral phases, where they
were incorporated. In the case of trace ele-
ments distribution the important role is
played by the presence of organic matter,
clay minerals and iron compounds
(limonite, goethite, vivianite, iron, sulfides)
in profundal zone. REE, on the other hand,
are related to clastic material such as mon-
azite grains accumulated in littoral zone of
lakes. The sediments from the lakes located
on the low permeability glacial sediments
are more enriched in heavy metals and REE
in relation to the sediments from the lakes
located on high permeability glacial sedi-
ments. 

Figure 4. REE content in profundal and lit-
toral zone sediments
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Conclusion
Distribution of the trace elements in

lake sediments is strongly dependent on the
type of geological formations on which the
lake is developed and on the sedimentation
zone of the lake. Heavy metals preferentially
accumulate in the sediments of the deepest
zone of the lake. It is promoted by reductive
environment, high organic matter content
and the presence of clay minerals. Rare earth
elements are more abundant in the sedi-
ments of the littoral zone. It seems that the
major control on the REE concentration is
the content of clastic material (allogenic
minerals, probably monazite). This material
comes from the erosion of rocks, which form
the immediate catchment area of the lake.
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Phytoremediation Technologies of Heavy Metals
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Abstarct
Since the dawn of the Industrial Revolution, mankind has been introducing numerous haz-

ardous substances most importantly heavy metals into the environment at an exponential rate. 
Heavy metal poisoning particularly lead and cadmium has given rise to quite a number of

clinical syndromes. For example, cadmium accumulation is associated with hypertension,
osteomalacia and itai-itai diseases. Lead poisoning is associated with brain damage, behaviour-
al disorder etc.

The most common heavy metals at hazardous waste sites are cadmium (Cd), chromium
(Cr), copper (Cu), lead (Pb), mercury (Hg), nickel (Ni), and zinc (Zn). Out of these, lead and mer-
cury are the most significant contaminants posing serious and sometimes life threatening
health hazards.

Due to the extreme consequences created as a result of heavy metal contamination of our
environment, a cost effective means of remediation of heavy metals pertaining to the contami-
nated areas must be found. A number of conventional remediation technologies such as solidi-
fication, soil washing and permeable barriers are noted. However, majority of these technologies
are costly to implement and cause further disturbance to the already damaged environment.

Phytoremediation is evolving as a cost effective alternative to the high-energy, high-cost
conventional methods. Phytoremediation technology is the use of green plants to clean-up con-
taminated hazardous waste sites. This process makes use of metal-accumulating plants to
remove heavy metals and other compounds from heavily contaminated environmental seg-
ments like soil and water. The method aimed at providing an innovative, economical and envi-
ronmentally-friendly approach to removing toxic metals from hazardous waste sites.

Some plants such as sunflower, Indian mustard, tobacco. rye, spinach , and corn have
been studied for their ability to remove lead from water, with sunflower having the greatest abil-
ity. Indian mustard have been found to have a bio-accumulative coefficient of 563 for lead and
has also proven to be effective in removing a wide concentration range of lead(4mg/l-500mg/l).

Phytovolatilization have been reported to be highly effective in the removal of mercury
from contaminated soils. Increasing the mobility and bioavailability of some metals in the soil
through certain chelators, organic acids, or chemical compounds, allows for the hyper-accumu-
lation of the metals in some plant. 

Phytoremediation is amenable to a variety of organic and inorganic compounds and may
be applied either in situ or ex situ. Phytoremediation does not require expensive equipment or
highly specialized personnel, and it is relatively easy to implement.

Key words: Phytoremediation, Technology, Heavy metals. 
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Introduction
Mining activities are considered signif-

icant sources of contamination of elements
associated with precious metal (Au, Ag) ore
mines. One such element is arsenic, which
can be released into the environment
through both natural (volcanic) and anthro-
pogenic processes (e.g., mining and smelt-
ing). Arsenic and Pb are considered harmful
substances and are potentially carcinogenic.
Zinc on the other hand, is an essential min-
eral, however at elevated concentrations also
Zn is potentially toxic (Emsley 1990, Fergus-
son 1990). Weathering can mobilize these
elements, making them labile and thus
becoming detrimental contaminants in the
environment of coastal systems affected by
mining activities. Consequently human
intake of contaminated water, food and soil
could cause serious health effects.

Previous studies of sediments in Mexi-
co have found very high concentrations of
these elements in sediments close to tailings
produced through mining activities (Castro-
Larragoitia et al. 1999, Carrillo-Chávez  et
al. 2003, Carrillo-González et al. 2006,
Romero et al. 2007). The aim of this study is
to determine the As, Pb and Zn contents and
distribution along the arroyo (dry river) lead-

ing from the mining area of El Triunfo to an
evaporitic basin connected to the Pacific
Ocean. In addition the Normalized Enrich-
ment Factors will be determined along the
arroyo.

Study Area
The gold ore mine El Triunfo is located

at the southernmost peninsula of Baja Cali-
fornia Mexico at 24°09'02"N, 110°06'22"W
(Figure 1). Previous studies in the area found
high contents of As, Pb and Zn (Carrillo
1996, Carrillo-Chávez et al. 2000, Acosta et
al. 2000, Naranjo 2004). Subsequently tail-
ings, aquifers and soils have also been studied
(Carrillo 1996), including high As, Pb and Zn
contents in tailings (Volke et al. 2003).

Artisanal gold exploitation methods of
the Mining District El Triunfo (MD-ET)
began in 1748 and have continued intermit-
tently until the end of the last century. 

The mining area is located in the
mountainous portion of the El Carrizal
drainage basin. Volcanic rocks are the origin
of sediments affected by past volcanic activi-
ty. The climate is semi-arid and influenced
by tropical storms particularly in the late
summer. The principal arroyo (Hondo-Las
Gallinas-El Carrizal) connects the MD-ET
with the Pacific Ocean.

Arsenic, Lead and Zinc in Sediments from a Semi-Arid 
Coastal System, Influenced by a Gold Ore Mine

A.J. Marmolejo-Rodríguez1, J.A. Romero-Guadarrama2, 

M.A. Sánchez-Martínez3, A. Sánchez-González4, V.R. Magallanes-Ordónez5

1-5Geochemistry group. Interdisciplinary Center of Marine Sciences (CICIMAR-IPN),
Av. IPN s/n 23096  La Paz, BCS, Mexico
amarmole@ipn.mx1, jarg13g@hotmail.com2; masm_quimica@yahoo.com.mx3,
alsanchezg@ipn.mx4 and vmagalla@ipn.mx5.

Abstract 
Mining for gold and silver in the El Triunfo mining area, Baja California, Mexico, has

produced > 800,000 tonnes of mine-waste material. The mine has only been active intermit-
tently since 1748 therefore tailings are scattered in the coastal system. Elemental migration
is mainly caused by winds and tropical hurricanes, thus transported to the beach were metal
deposits are formed. Sediments are discharged into the Pacific Ocean during intense storms
when a sand barrier breaks. To evaluate the geochemistry of the alteration zone and the
migration of the elements along the arroyo, 26 samples of surficial sediment were collected
from close to the gold mine and along the path to the discharge in an evaporitic basin connect-
ed to the Pacific Ocean. Arsenic, Pb and Zn were analyzed with INAA, ICP-OES and ICP-MS
and methods validated using certified reference materials. Elements enriched in the system
shows maximum contents in tailings and ashes of As (50.5%), Pb (9.27 %) and Zn (4.96%)
Sand sediments from the arroyo have maximum contents of arsenic (412 mg kg-1), Pb (1230
mg kg-1) and Zn (1950 mg kg-1). Comparison with background levels and Upper Continen-
tal Crust averages indicate severe contamination of these elements in this coastal system.

Key words: gold ore mine, arsenic, lead, zinc, sediments, arroyo
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Figure 1. Southernmost Baja California
peninsula, Mexico. MD-ET is Mining district
El Triunfo gold ore mine The black line is the
arroyo path and EB is the evaporitic basin
adjacent to the Pacific Ocean. 

Extensive waste deposits (around 30
tailings piles) are stored at the surface and
ashes from the ignition oven have been con-
centred into arsenolita. Both tailings and ash
are subject to the erosive effects of the season-
al rains and eolian transport processes. The
present study of arroyo sediments shows sig-
nificant As, Pb and Zn enrichment in tailings
and ashes of melting extraction within the
mining district and in some sampling sites
along the principal arroyo to their discharge at
the Pacific Ocean. 

Material and Methods
Twenty six samples were collected along

45 km of the main arroyo (Arroyo Hondo, Las
Gallinas, or El Carrizal depending on locatin),
from close to the MD-ET to an evaporitic
basin connected to the Pacific Ocean.
Polyethylene bottles previously cleaned with
HNO3 (15%) and HCl (10%) were used to
collect the samples. Sediments were dried and
powdered with an Agate mortar and the frac-
tion (< 2000 µm) was used for analysis.

For Al, Fe, Pb and Zn 0.25g of sediment
was completely digested using four acids. Alu-
minium, Pb and Zn were determined by an
element magnetic sector inductively coupled
plasma mass spectrometer ICP-MS. Arsenic
was determined by ICP-OES and INAA. 

The validation of methods with certified
reference materials of marine sediment PACS
2 obtaining an accuracy percentage of: 85% to
As, 97% to Al and 95% to Pb and Zn. Analy-
ses were done at Activation Laboratories
(Canada).

The background levels of As, Pb and Zn
were determined using an average of the sam-
ples with contents that were lower than the

Upper Continental Crust (UCC; Wedepohl
1995). UCC contents were also used to calcu-
late the NEF and to be compared to the
regional BL. The Normalized Enrichment
Factor (NEF) was calculated using Al as a nor-
malizing element (Marmolejo-Rodríguez et
al. 2007).

NEF (UCC) = (AsS/AlS)/(AsUCC/AlUCC)

Where AsS is the concentration of As in
the sample and AlS is the concentration of Al
in the sample. AsUCC is the upper continen-
tal curst level of As and Al UCC is the upper
continental crust level of Al.

* As was replaced by Pb and Zn to calcu-
late their respective Normalized Enrichment
Factors. UCC contents were also used to cal-
culate the NEF according to Hakanson
(1980).

To complement the information, the
granulometric method of Folk (1974) was used
to determine the sediment granulometry.

Results and discussion
The sand fraction (63-2000 µm) was

the most abundant (> 98%) and was there-
fore used for the chemical analyses. 

To evaluate the general trend of ele-
ment distribution in the study area, the tail-
ings and ash samples were treated separately
from the arroyo. Results are  presented in
Table 1 and compared with other impacted
coastal systems contaminated by As
(Oyarzun et al., 2004; Kracevscka et al.,
2007) and Pb and Zn (Taylor and Hudson
2008). Arsenic, Pb and Zn showed a clear
enrichment in their distribution with high-
est concentrations found close to the mining
district (Figure 2; Table 1). None of the sam-
ples in this study had As-concentrations
lower than UCC. Values found showed a
considerable As contamination.

Normalized Enrichment Factors
(NEF´s) distribution can be seen in Figure 2.
NEF averages close to the MD (85 for As;
27.1 for Pb and 12.6 for Zn) indicate a severe
contamination of As, very high of Pb and sig-
nificant of Zn (mean and SD are presented in
Table 1). However, close to the discharge
into the Pacific Ocean NEF-averages of 5.11
(As), 2.45 (Pb) and 0.76 (Zn), indicate that
although the contents are considerably dilut-
ed: there is a significant enrichment of Av-
NEF for As, moderate Av-NEF for Pb and
impoverished Av-NEF for Zn. However, this
contents of Av-NEF, As and Zn are comparable 
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to other regional coastal systems which are not
anthropogenically contaminated. At approxi-
mately 200 km from the study area sediment
cores from the pristine fan deltas of El coyote
(Shumilin et al., 2000) were enriched in As
and impoverished in Zn, respectively, which
was also found in the present study in the sed-
iment samples close to the Pacific Ocean
(Table 1). Along the arroyo (this study) and in
the pristine zone of El Coyote, the enrichment
is caused by geological processes, most likely
volcanism and high tectonic activity in the
region. 

Conclusion
The As, Pb and Zn concentration in the

arroyo sediments show an enrichment of
these elements, probably due to geological vul-
canism enrichment and the contents in ashes
and tailings indicate an anthropogenic influ-
ence. The arroyo sediment enrichment is like-
ly a result of seasonal erosion due to rainfall
and winds. Arsenic and Pb are enriched in the
superficial sediments of this coastal system;
however the contents along the arroyo close to
the Pacific Ocean decreased considerably.
Zinc was enriched in the samples close to the
mining district; however their contents are
diluted as to reach NEF impoverishment in
samples close to the Pacific Ocean. 
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Introduction
In the course of copper ore processing

there occur numerous waste products which,
apart from chemical compounds emitted to
the atmosphere during flotation process, are
not suitable for direct utilization and, there-
fore, are stored on dumping grounds. Inves-
tigation proved that these wastes feature
extremely disadvantageous properties which
effects on underground and surface waters
pollution , as well as leads to chemical alter-
ations of soil and plants. The account regard-
ing dumping sites data in the region of Lower
Silesia reveals that stored wastes amount
ranges dozens millions m2 of organic, min-
eral and mineral - organic wastes which can
be utilized in reclamation of  not used dump-
ing sites . This process can involve stabiliza-
tion of waste dumps surfaces, reduction of
erosion processes , and cultivation of appro-
priate plants. Brown et al. (2003) Mulligan et
al. (2001), Sroga (1997)

Post-flotation sediments deposited in
the Wartowice dumping site are character-
ized by the very fine texture. The content of
clay fraction (< 0,002 mm) varies from 10%

to 46% and the content of silt fraction (0,002
mm - 0,02 mm) varies from 53% to 87%
depending on depth and location. As a result
post-flotation sediments are characterized
by a strong bond of water and its low avail-
ability to plants. In conditions of high soil
moisture when water is available to plants,
post-flotation sediments show, a very low
volume of air. However, in conditions of par-
tial drainage, on the sediments surface are
formed cracks, which resulting in tearing of
roots and the deterioration of water move-
ment in sediments. Enrichment of post-
flotation sediments of mineral additives
causes beneficial changes in their physical
properties. The observed increase in the
amount of water available to plants is main-
ly due to lower retention in the range of ten-
sion between 1500 kPa and 15000 kPa while
maintaining, without major changes, the
value of field water capacity (tension 100
kPa). The decrease of maximum water
capacity while keeping largely unchanged
the total porosity increases the capacity of air
in the sediments, similar results reported
Strzyszcz (1980).

Usefulness of Some Plant Species and Byproducts for Revitalization
of Post-Flotation Dumping Site (Greenhouse Experiment)
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Abstract
In pot experiment the reaction of some plant species on addition of various wastes to

the post-flotation sediment were observed. The main goal of additions was to ensure low
concentration of copper in plant tissue, relatively high yields, and improvement of physical
and chemical properties of sediment. The concentration of Cu in plants as the result of addi-
tion did not exceed 25 mg�kg-1 of dry mass, but yields stability differed during experiment
and depended of plant species and amount and kind of addition. Addition of phosphogyp-
sum alleviate low concentration of P only in first year of experiment.

Key words: mineral wastes, reclamation, copper post-flotation sediment, pot experiment
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The aim of the work was the assess-
ment of selected mineral wastes and plant
species usability for revitalization of not
used copper post - flotation sediment dumps
located in Iwiny near Bolesławiec, in the
region of Lower Silesia in pot experiment. 

Material and Methods
The investigation was conducted in a

greenhouse using the method of pot experi-
ment. As a substrate we used a post-flotation
sediment mixed with various kind of wastes
according to the following pattern:

A) phosphogypsum 50g + mine sand
50g + quarry overlay 50g

B)  phosphogypsum 100g + mine sand
100g + quarry overlay 100g

C)  phosphogypsum 50g + mine sand
50g + limestone overlay 50g +barren rock
50g + quarry overlay 50g

D) phosphogypsum 100g +mine sand
100g +limestone overlay 100g +barren rock
100g + quarry overlay 100g

E) phosphogypsum  50g + mine sand
50g + limestone overlay 50g +barren rock
50g + quarry overlay 50g + beech sawdust
10g + PRP Sol* 5g

F) phosphogypsum  50g + mine sand
50g + limestone overlay 50g +barren rock
50g + quarry overlay 50g + beech sawdust
20g + PRP Sol* 10g 

G) phosphogypsum 25g + mine sand
25g + limestone overlay fine 25g +barren
rock 25g + quarry overlay 25g + limestone
overlay coarse 50g 

H) phosphogypsum 50g + wheat straw
40g + beech sawdust 40 g PRP Sol* 15g

I) phosphogypsum 100g + Ekolator#
50g

*PRP Technologies France
#Ekolator- preparation of brown coal

and bio fibre (Geo-Trade Poland)

Each object was carried in four replica-
tions in 5,0 kg capacity pots . A post-flota-
tion sediment was thoroughly mixed with
wastes and then nitrogen 0,5g per pot as
ammonium nitrate was added. The sub-
strate prepared as above was sown with
plants in the following scheme:

PEA Pisum sativum
ALFALFA Medicago sativa
RED CLOVER Trifolium pratense
Mixture A: Medicago sativa+Trifoli-

um pratense + Trifolium repens
Mixture B :Medicago sativa+Trifolium

pratense + Trifolium repens + Festuca
rubra (Red Fescue) + Dactylis glomerata
(Cock's-foot) + Phalaris arundinaceae
(Reed-grass)

Table 1. Dry mass yields of tested plants (g/pot)

* - no yield
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Table 2 Concentration of copper in tested plant tissue (mg�kg-1 d.m.)

Table 3 Concentration of phosphorus in tested plant tissue (mg�kg-1 d.m.)
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Total concentration of this metal in
post-flotation sediment, after microwave
mineralization (0,5g sample +10 ml  conc.
HNO3) was 1773 mg�kg-1, plant available Cu
determined in DTPA extracting solution
(Lindsay & Norvell) ranged from 384 to 608
mg�kg-1 depending on variant of wastes addi-
tion. in sediment samples from control object
- 440 mg/kg. There were collected substrate
sample from each pot and dried to assay their
reaction ,as well as the content of phosphorus,
copper, manganese and iron. The substrate
pH determined in water was from 7.4 to 7.9,
but in 1 mol KCl�dm-1 7.4-7.8. Available
forms of magnesium (Schachtschabel method
in 0.0125 mol CaCl2 dm-1), potassium and
phosphorus (Egner - Rhiem DL method)
ranged respectively 253 - 588, 200 - 530 and
4.7 - 43.7 mg�kg-1. 

After harvesting (pot experiment) there
was evaluated after drying at the temperature
of 105 ?C -the yield of plants dry mass. The
material obtained was subjected to grinding
to determine the content of basic macro -
components, as well as micro - components
like copper, zinc, manganese and iron. In
order to obtain the data mentioned above, the
plants underwent dry mineralization at the
temperature of  450 oC and then plant ash
was made a solution with concentrated HCl.
After dissolving the remains in the solution
of 1 mol dm-3 HCl phosphorus was assayed
using colorimetric method, while the
remaining chemical elements were assayed
by the method of atomic - absorption.

Results and Discussion
The plant yields depended strongly of

amount and type of material added to the
sediment. Highest yields in first (2008) year
of experiment were collected from objects
with variants A,B and C. In next (2009) year
in case of pea, red clover, mixture A and B we
observed the extinction of plants on variants
F, G, H, I, but alfalfa react inversely by
increase of the yield. Plant mixtures A and B
in second year of cultivation yielded signifi-
cantly higher then in 2008. Chemical com-
position of all plants showed that besides of
high content of available copper in sub-
strates its concentration in plant tissue did
not exceed 25 mg�kg-1 d.m. and it does not

seem that this metal was toxic to plants. The
analysis of chemical composition of post -
flotation sediment showed that that materi-
al was of alkaline reaction and featured high
content of easily soluble, thus easily accessi-
ble for plants , forms of potassium and mag-
nesium, while phosphorus content was of
trace amount. The latter one probably was
the yield limiting factor due to low amount
of available P in substrate even though its
addition as phosphogypsum.

Conclusion
This preliminary test requires verifica-

tion in area of post-flotation dumping site for
evaluation of source of phosphorus and dose
of phosphogypsum and besides of promising
results to test in dump site the growth of
alfalfa and mixtures of Medicago sativa+Tri-
folium pratense + Trifolium repens, or this
species with grasses.
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Introduction
Water body sediments and their char-

acterization from viewpoint of trace element
and especially heavy metal concentrations
are important ecosystem and environmental
quality assessment indicators exactly in
long-term significance. Sediment pollution
is caused by natural and anthropogenic
influence. The physical and chemical char-
acteristics of sediments are a major compo-
nent in determining the habitat (e.g. fish,
invertebrates and others) quality for aquatic
biological organisms as well as indirectly
also human health.

This research shows the results of
multi-element analysis of sediments from
Lake Liepaja (Latvia), analysing spatial and
statistical distribution of heavy metals as
well as their distribution in different frac-
tions of sediment particle size.

Materials and methods
The study area is Lake Liepaja, located

in the SW part of Latvia, near the Eastern
coast of the Baltic Sea (Fig. 1). The lake is
approximately 13 km long and 3 km wide,
with average depth of 2 m. The lake bed in
most areas is covered with a thick sediment
layer, consisting of a mixture of fine grain
sand and decomposing organic material.

The lake and the Baltic Sea are con-
nected by the channel in which a seaport was
founded at during the end of the 17th Centu-
ry and the beginning of the 18th Century.

Lake Liepaja is classified as eutrophic with a
high growth of water plants (Liepa et al.,
1989). 

The N part of the lake is considerably
influenced by industry including ferrous
metallurgy, mechanical engineering and
some other branches. Mainly the N part is
used to satisfy the needs of the metallurgical
industry. Therefore the N part is divided into
small reservoirs separated from each other
and from the rest of the lake dams consisting
of slag and other solid metallurgical waste.
The dust of the electro filters is also collect-
ed in the N part of the lake. The central and
S parts are affected by agriculture (Vircavs
et.al., 1995).

In total 8 samples were taken in the
summer period of 2009, ranging all over the
lake in the N, S and W parts, 5 - 6 m from the
shore. Sediment cores were collected manu-
ally by an organic glass corer, with a 10 cm
diameter, taking 15cm upper layer of sedi-
ments. Cores then were sealed in plastic
containers and immediately transported to a
laboratory for analysis.

All samples were dried in a 50oC tem-
perature for 48 h in a Memmert® IFE 500
precision incubator. Each sample was sifted
through stainless steel in the following frac-
tions: 100, 80, 63, 50 and less than 50 µm.

Spatial and Statistical Distribution of Heavy Metals in Sediments of
Lake Liepaja (Latvia)

V. Toropovs, M. Vircavs, O. Purmalis, L. Spickopfa

Faculty of Geography & Earth Sciences of University of Latvia, Alberta str. 10, Riga,
LV-1010, Latvia
Valters.Toropovs@bef.lv, Magnuss.Vircavs@lu.lv, 
Oskars.Purmalis@lu.lv, lelde.spickopfa@inbox.lv 

Abstract
Spatial and statistical distribution of heavy metals (Ti, Cr, Mn, Ni, Cu, Zn, As, Cd, Hg

and Pb) in sediments of Lake Liepaja was assessed. Spatial distribution of heavy metals
showed heterogeneous dispension in the lake, which suggests the existance of different pol-
lution sources. Sediments were separated into following fractions by particle size: 100 µm,
80 µm, 63 µm, 50 µm and <50 µm Maximum concentrations for all analysed elements were
observed in the sediment fractions with particle size of 63 and 50 µm, which testifies that
higher surface of sediment fractions have higher adsorption properties in comparison with
other particle size fractions. Exponential distribution of all analysed elements with an excep-
tion of Mn was observed in the upper layer of sediments of Lake Liepaja. 

Keywords: Distribution of elements, heavy metals, lake sediments, multi-element analysis
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All samples were dried in a 50oC tem-
perature for 48 h in a Memmert® IFE 500
precision incubator. Each sample was sifted
through stainless steel in the following frac-
tions: 100, 80, 63, 50 and less than 50 µm.

Total inorganic and organic forms of ele-
ment concentrations in sediments were deter-
mined by X-ray fluorescence (XRF) with
RÖNTEC PicoTAX spectrometer. The fol-
lowing energies (KeV) were used for element
detection: Ti - 4.512; Cr - 5.415; Mn - 5.9; Ni
7.84; Cu - 8.046; Zn - 8.637; As - 10.543; Cd
- 3.13; Hg - 14.165 and Pb - 10.551. Ga with
0.5 mg/l concentration was used as an inter-
nal standard. Used methodology had the fol-
lowing lower limits of detection (mg/kg): Ti -
1.1; Cr - 0,6; Mn - 0,45; Ni - 0,15; Cu - 0,15;
Zn - 0,1; As - 0,05; Cd - 0,1; Hg - 0,1 and Pb -
0,1. The blank corrections were considered.

Before XRF analysis lake sediments
were digested with 60 ml of
HNO3:H2O2:H2O mixture (10:1:2.5 vol-
ume to volume) till the boiling point.

The obtained analytical data were char-
acterized by median and the observed concen-
tration range. Chi-square test was used to
estimate adequacy of empirical and theoreti-
cal frequency distribution of element concen-
trations.

Figure 1. Map of the study area (Vircavs
et.al., 1995)

Results and discussion
The obtained data show very wide con-

centration range and asymmetric distribution
of Ti, Cr, Mn, Ni, Cu, Zn, As, Cd, Hg and Pb
in Lake Liepaja sediments. Therefore element
concentrations were characterized by the
median (Table 1). Heterogeneous spatial dis-
tribution of the analysed heavy metals testifies
different their sources that affect sediment as
well as water quality of Lake Liepaja. The max-
imum concentrations of all tested heavy met-
als (Table 1) were observed in an open site
which is mainly affected by town Liepaja,
nearby road, channel connected to the cargo
port and runoff from industrial territories.

Figure 1.

Figure 2.

Figure 3.
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Table 1. Heavy metal medians and concentration ranges in sediment samples in Lake Liepaja

Figure 4.

Almost all analysed elements trend to
show the peak concentration in the fraction
between 50 and 63 µm, especially distinctive
for Ni, Cu, Cr and Ti (Fig. 1-4). Most likely it
is connected with larger surface of particles in
these fractions, comparing to other analysed
fractions. This tendency has been confirmed
by previous studies (Horowitz, 1987) (Glasby,
et.al. 2004), however for other analysed size
fractions heavy metals show incoherent ten-
dencies for higher concentrations. It can be
suggested that this is caused by different
adsorption properties of various heavy metals
on variable size sediment fractions.

Statistical distribution of analysed
heavy metals corresponds to the exponential
distribution (f(x)=λexp(-λx), where
λ=1/mean) with an exception for Mn. From
the statistical distribution it can be assessed
that approximately 50 - 60% of observed con-
centrations are at natural background levels.
The remaining part characterizes possible
pollution of upper layer of sediments with
heavy metal traces. This pollution could be
generated by numerous factors which have
not been fully identified, besides the fact that
in many similar cases one dominating source
can not be determined (Chatterjee, M., et.al.
2006).
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Conclusions
Analysis of Lake Liepaja sediments

show heterogeneous and asymmetric distri-
bution of following heavy metals: Ti, Cr,
Mn, Ni, Cu, Zn, As, Cd, Hg and Pb. The
higher concentrations of all analysed heavy
metals are observed in 63 and 50 µm frac-
tions. This can be explained by larger adsorp-
tion surface of particles in these fractions in
comparison with surface of other analysed
fractions. All analysed heavy metal statisti-
cal distribution, except for Mn, corresponds
to the exponential distribution.
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Introduction
Sedimentation of suspended particulate

matter is one of the main factors controlling
the distribution of trace elements in marine
environment, which concerns both elements
coming to the system in particulate forms and
their dissolved species, which could be
adsorbed on the surface of inorganic and
organic particles (Pohl et al., 2004). During
settling, suspended particulate matter (SPM)
undergoes transformations resulting from
chemical processes and microorganisms activ-
ity. Areas where those processes are especially
active are  stratification zones, and redox inter-
faces.  In density gradient areas suspended
matter settling is hindered, and SPM accumu-
lates.  High SPM concentration lead to
enhanced bacteria activity and faster rate of
suspended matter transformations - which
could release the metals absorbed on the sur-
face of particles into the water column (Pemp-
kowiak et al.,  1998). In redox interfaces, ele-
ment cycles are influenced by the diffusion of
reduced species from below chemocline and
precipitation of oxidized Fe and Mn species,
which along with adsorption on lithogenic and
organic particles can alter both speciation and
fluxes of elements (Pohl and Hennings 2005). 

This paper aims at high-resolution
assessment of toxic metals in the suspended
matter (cadmium, lead and mercury), and dis-
solved metals (mercury) in the density gradi-
ents zones.  Such conditions are permanent in
the deep accumulation basins of the Baltic Sea.
We selected two of such basins- Gdansk Deep
- an area receiving particulate matter from
large Vistula River, and Bornholm Deep -
remote area, where suspended matter arrives
from atmospheric deposition and adjacent
seabed areas.

Materials and Methods
Water samples and SPM samples were

collected at two stations in the southern Baltic
- Gdansk Deep and Bornholm Deep during a
cruise of r/v "Oceania" in April 2008.

Density gradients were based on salinity
and temperature measurements, recorded by
CTD probes on a routine basis at both sta-
tions.

In situ profiles of light absorption, (λ)
and attenuation, (λ) coefficients of suspended
and dissolved matter, were performed with an
ac-9 meter (WetLabs, USA) at wavelengths λ of
412, 440, 488, 510, 532, 555, 650, 676, and
715 nm. The fluorescence profiles were per-
formed with Trios Microflu CDOM.

Vertical Mercury, Cadmium and Lead Distribution 
at Two Stratified Stations in the Southern Baltic Sea
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Abstract
Toxic metals (Hg, Cd and Pb) are characterized with a high affinity for particulate mat-

ter in the aquatic environment. In the course of sedimentation part of metals displaying
nutrient-like behavior is released into the water column as dissolved species, while other
metals are scavenged from water column by settling particulates. Those processes are espe-
cially intensive when suspended matter settling is hindered due to the density gradients.
Profiles of mercury dissolved and particulate forms, as well as particulate cadmium and lead
profiles were analyzed in order to assess the magnitude of this process at different regions of
the southern Baltic Sea. It has been estimated, that up to 60% of the initial metal concentra-
tion is removed to the water column after passing through a density anomaly. Lead and cad-
mium behavior in the water column were similar, while mercury profiles differed substan-
tially, which was attributed to mercury reduction to gaseous form by phytoplankton.

Key words: Mercury, Cadmium, Lead, suspended matter, Baltic Sea
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Water samples for total mercury analy-
ses were collected by means of whole PTFE
pump with PFA hose and Teflon coated GO-
FLO bathometer. Samples were transferred to
acid cleaned borosilicate tubes, teflon capped
and immediately oxidized by the addition of
BrCl solution according to EPA 1631 method.
Suspended matter samples were collected by
means of filtration on ignited glass fiber filters
of the pore size of 0,45 µm for mercury analy-
sis, and through acid-washed nucleopore fil-
ters for Cd and Pb analysis. Samples were then
transferred to double sealed polyethylene bags
and frozen until the analysis.

Water samples for total mercury were
analyzed according to EPA  1631 on Tekran
2600 CV-AFS system, while suspended mat-
ter samples were analyzed following the ther-
mal decomposition at 900 °C in 5.0 oxygen by
means of AAS (AMA 257).

Dissolved mercury content was calculat-
ed as a difference of total and particulate mer-
cury concentrations.

Suspended matter samples for Cd and Pb
analyses were acid digested according to Laurier
et al., (2003). Obtained solutions were analyzed
by ICP-MS (Perkin Elmer Sciex 9000). 

Samples for POC measurements were
analyzed by a 'HyPerTOC' analyzer high tem-
perature oxidation (680 °C) with Pt catalysis
and non-dispersive infrared detection. 

Results and Discussion
At both Gdansk and Bornholm Deeps

the water was stratified. We observed density
gradients at approximately 18-23 m, 53-66 m
and 84-93 m at the Gdansk Deep and at 3 -7 m
and 44-65 m at the Bornholm Deep (Fig. 1 a).
We investigated the stratification of the Gdan-

sk Deep in detail with continuous profiles of
optical parameters.

On the profile of scattering coefficients
(Fig 2b) we identified the upper, relatively tur-
bid layer with the thickness of 20 meters. Dis-
crete measurements show that this layer is not
uniform, and rapid SPM concentration shifts
were observed between 13 and 15m (Fig 1a)
The organic origin (phytoplankton particles)
of this layer can be recognized on the absorp-
tion profiles and confirmed with the fluores-
cence, where the maximum of the phyto-
plankton content at the 16 meters is visible
(Fig. 1b). 

We observed the second maximum in
SPM concentration at 65 meters and it is
about 10 meters thick. The lack of parallel
maxima on the absorption profile shows that
the layer consists of non living or mineral par-
ticles. The last and smallest, third maximum
can be noticed at 83 meters and also consist of
non living or mineral particles. Discrete sam-
pling show that this maximum is larger than
the one found in the vicinity of 65m, which
might be caused by the inhomogenity of this
layer (Fig. 1a and 1b).  

Suspended matter concentration at
Bornholm Deep varied slightly from the densi-
ty gradients - subsurface maxima was located
at 13m (Fig. 1a) - assuming that the phyto-
plankton development time is similar in this
area to that found at the Gdansk Deep, this
offset is due to planktonic origin  of suspended
matter, and phytoplankton vertical migra-
tions. A location of SPM maxima at the
deep/intermediate water interface was located
close to the pycnocline (57 m), and interpolat-
ing from the optical profiles recorded at the
Gdansk Deep, we assume non-living material
to be a major part of this suspended matter.

Figure 1. a) Suspended matter concentration and  at Gdansk and Bornholm Deeps. Contour
bars represents density gradients at Gdansk (longer) and Bornholm (shorter) deeps; b) Fluo-
rescence, ligh adsorption and scattering in the Gdansk Deep



53915th ICHMET

PHYTOREMEDIATION

Areas characterized by an increase of
SPM with simultaneous decrease of organic
carbon content have been previously reported
in the Baltic as organic matter mineralization
zones (Schneider et al., 2000). We identified
such areas in both investigated Deeps. In case
of Gdansk Deep, we separated three zones of
probable intensive organic matter mineraliza-
tion. First one is located just above the ther-
mocline at 15 m and the next two are connect-
ed with deeper layers below halocline at 73 m
and 85 m. Basing on light scattering and
absorption, we can attribute higher (73m)
zone, as the mineralization area, while the one
present at 83m might result both from miner-
alization and resuspension of mineral parti-
cles from the sea bottom. At Bornholm Deep
we observed only one possible mineralization
zone at 57 m.

The concentrations of particulate cadmi-
um in Baltic seawater are quite small (Fig. 2a)-
much smaller than in North Sea water, but to
some extent comparable with the contents in
North Atlantic water (Tappin et al., 1993).
This results are also similar to those reported
earlier in the surface water of the southern
Baltic (Brügmann et al., 1997; Schneider,
1996), and in agreement with present day data
obtained in framework of the Baltic Sea Moni-
toring program HELCOM (Pohl & Hennings,
2007). Lead concentrations (Fig. 2b) fit well in
the range of results obtained earlier in the
Baltic (Brügmann et al., 1997; Schneider,
1996; Ingri et al., 1991; Pohl and Hennings
2005), and is lower than those reported in the
North Sea (Tappin et al., 1993). However lead
concentrations are comparable to those report-
ed by the Framework of the Baltic Sea Moni-
toring program (Pohl & Hennings, 2007), the
peaks recorded in the deep water were much
higher in this study - similar to that measured
in  Western Baltic in the years 1993-2000
(Pohl and Hennings, 2008). Both particulate
and dissolved mercury concentrations at both
deeps (Fig. 3) are similar to those reported in

90's  (Brügmann et al., 1997; Schneider, 1996;
Ingri et al., 1991), and also mercury concentra-
tion measured in years 1995-2000 corre-
sponds well to results reported in this
study(Pohl and Hennings 2008). Mercury
concentrations reported by HELCOM (Pohl &
Hennings, 2007) are somewhat lower, but
they concern mercury levels in winter. 

The reason of the observed decrease of
Cd and Pb concentration at max spm layer in
the upper water column (Fig. 2 a, b), is proba-
bly the organic matter mineralization caused
by elevated bacterial activity in the zone where
suspended matter settling is hindered by den-
sity gradient. Accompanying peak at the
Gdansk Deep above the max SPM, at the
beginning of the thermocline might be a result
of phytoplankton accumulating dissolved
metals from the max SPM layer, as it matches
the difference in minus observed below. 

A lack of such a peak at the Bornholm
deep might be caused by a rough weather at
the sampling station lasting for several days
prior to sampling - and hence better mixing of
surface water. As for mercury (Fig. 3), we
might observe most probably a phytoplankton
uptake of dissolved mercury in the upper lay-
ers, and then the decomposition in the deeper
water at the Gdansk Bay area. A different pic-
ture at the Bornholm Deep is probably caused
by different phytoplankton composition - a
steep decrease of both particulate mercury and
dissolved mercury towards the surface is most
probably caused by mercury reduction to
gaseous form by phytoplankton.

A peak of Cd and Pb concentration at the
upper layer of the halocline is probably an
effect of hindered SPM settling at the density
gradient. Immediately below the halocline (at
both deeps) a decrease of both Cd and Pb could
be observed. Most probably those metals are
removed to the water column in the course of
OM mineralization, and/or are released from
Mn and Fe oxyhydroxides due to anoxic condi-
tions in the bottom waters. In the Gdansk 

Figure 2. Particulate a) cadmium; b) Lead concentrations at Gdansk and Bornholm Deeps.
Contour bars represents density gradients at Gdansk (longer) and Bornholm (shorter) deeps
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Deep another Pb and Cd concentration
increase might be observed - in the nearbot-
tom waters. This might be the effect of the sed-
iment resuspension, as the bottom currents
friction in the area tend to exceed the critical
shear stress for the fluffy layer of suspended
matter covering the sediments, especially in
the case of salt-water inflows. A lack of similar
peak at the Bornholm Deep seems to support
this hypothesis. Bornhlom Deep is circum-
vented by the inflow currents, while it remains
too deep to be a subject of the wind-driven cur-
rents.

Mercury in the vicinity of the halocline
behaves similarly at the Gdansk Deep particu-
late mercury decreases at the halocline - which
is more than mirrored by a sharp increase of
the dissolved form, also, both form concentra-
tion increase while approaching the bottom,
which seems to validate the conclusions
drawn based on Cd and Pb concentrations. As
for the Bornholm Deep, a peak of particulate
mercury, mirrored by an increase of the dis-
solved form is accompanied by above-the-
halocline slight decrease of dissolved mercury
- which might be due to increased scavenging
in the presence of high concentration of organ-
ic matter.

Conclusion
It seems that on average 60% of initial

metal concentration is lost to the water col-
umn during the settling of suspended matter
Gdansk Deep, with sharper oxic/anoxic gradi-
ents seem to influence the metals biogeo-
chemical cycle stronger, which means that
Fe/Mn reduction seems to have more impor-
tance on the metal transformations in the den-
sity anomalies. Different behavior of mercury
is an effect of its different chemical properties,
especially it's volatility.
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Introduction
Local excesses of hazardous substances

in the aquatic environment lead to elevated
levels of these substances in living organ-
isms. The monitoring of water conditions in
Poland shows that boron is present in excess
amounts in the surface waters at Potok
Goławiecki measuring point (WIOŚ, 2010),
in the groundwater in the vicinity of
"Tarnowskie Góry" (Witkowski et al., 2008)
and in the treated industrial wastewaters
(Kabata-Pendias and Pendias, 1999). Phy-
toremediation, being a biological process of
decontamination of aquatic environment, is
an alternative for common physicochemical
techniques. Besides the natural bioaccumu-
lation of plants, the process is also depend-
ent on environmental factors such as chemi-
cal speciation of toxin, pH, organic chelating
agents, and other organic substances, metals
and non-metals, salinity, ionic strength,
temperature, light intensity and oxygen lev-
els (Prasad, 2007). Lemna sp. and Salvinia
natans are well-known pleustophytes that
have  enormous bioaccumulation capabili-
ties and tolerate the climatic conditions of
Poland. Boron-contaminated waters were
effectively decontaminated using Lemna
minor (Glandon and McNabb, 1978; Frick,
1985) and Lemna gibba (Del-Campo and
Oron, 2007; Sasmaz and Obek, 2009).
Bioaccumulation capability of Lemna minor
was also confirmed by Wechterowicz et al.
(2005) in relation to Cd, Pb, Zn, Cu and Ni,

present in excess amounts in the industrial-
ized regions of Lower Silesia. Unfortunately,
there is no information regarding the effica-
cy of phytoremediation by Salvinia natans as
pertains removal of boron from the contami-
nated waters. This research attempts to
quantify the boron balance in order to deter-
mine the capability of Salvinia natans to
accumulate boron in the biomass. 

Materials and Methods
Salvinia natans was cultured in

Hoagland medium (Hoagland and Arnold,
1950). Reactors containing water contami-
nated by 1, 3, 6 and 8 mg B/dm3 (ppm) or an
uncontaminated medium (control) were
inoculated by similar amounts of organisms
following a one-month adaptation period.
The experiment lasted five days and was
conducted in three repetitions for each boron
concentration. After each day, plant samples
were collected for chemical analysis. Boron
mass balance included changes of boron con-
tent in the aqueous solutions and biomass
before and after phytoremediation. Concen-
trations of aqueous boron solutions were
determined by molecular spectroscopy using
a DR2800 Hach-Lange spectrophotometer
(absorbance at 605 nm). Determination of
boron content in plant mineralizates was
performed by means of graphite furnace
atomic absorption spectroscopy (AAS-GF)
using a GBC Sigma apparatus. Morphologi-
cal changes of the tested organisms in the 
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magdalena.sitarska@pwr.wroc.pl; dorota.zamorska-wojdyla@pwr.wroc.pl

Abstract
Local excesses of metals and non-metals in the aquatic environments resulting from

strong anthropopressure may negatively impact the ecosystems and pose potential health
hazards to humans and animals. Phytoremediation is an excellent alternative to chemical
methods commonly used in decontamination of surface waters. The process aims at accu-
mulating the contaminants in biomass, thus bringing the aquatic environment to condi-
tions acceptable from the standpoint of legal regulations. Salvinia natans is a well-known
aquatic plant species used for decontaminating water environments with trace elements.
The goal of this research was to verify the efficacy of the tested species in bioaccumulation
of boron under conditions similar to those characteristic for the Polish climate zone.

Key words: Phytoremediation, Salviniaceae, boron, contaminated waters, bioaccumulation
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course of the experiment were monitored by
visual evaluation.

Chemical analyses were performed in
the certified Toxicology and Environmental
Research Lab of the Institute of Environ-
ment Protection Engineering, Wrocław
University of Technology.

Results and Discussion
Daily changes in the dry matter con-

tent (d.m.) in medium contaminated with 1
ppm of boron showed growth comparable to
that of the control sample. In case of waters
with higher boron contents, a downward
trend was observed. Maximum dry matter
loss was about 3.5% at 8 ppm of boron on
the fourth day of plant exposure. 

Morphological evaluation of plants
exposed to boron at concentrations of 6 and
8 ppm revealed an early stage of chlorosis in
the last days of the experiment.

The boron mass balance explicitly sug-
gests the need to use large amounts of bio-
mass for phytoremediation of boron-con-
taminated waters. Large disproportion
between individual boron mass contribu-
tions compared to the small amount of bio-

mass disturbs the dynamics of quantitative
changes in boron content.

In the process of phytoremediation of
waters contaminated with boron in concen-
trations of 1 to 8 ppm, Salvinia natans was
found to accumulate boron as shown in Fig. 1.

The average boron content in plants
cultured in uncontaminated Hogland medi-
um was 0.06 mg B per 1 g of dry matter.
Highest efficacy of phytoremediation was
observed in the first days of the experiment.
At later stages, the increase in boron levels
was no more proportional to the exposure.
The tissue content of boron was maintained
at comparable levels. Accumulation of boron
was most effective in case of water contami-
nated with 1 and 3 ppm of boron (nearly a
three-fold increase in biomass boron content
compared to the control). The analysis of
changes in boron bioaccumulation at a par-
ticular concentration showed slight fluctua-
tions (increases and drops) throughout the
process. In case of higher concentrations, the
initial boron levels had an effect on the
biosorption of Salvinia natans, manifested as
reduced accumulation of boron in plant tis-
sues.

Figure 1. Accumulation of boron in plants during phytoremediation compared to control
(0.06 mg B/ g d.m.)
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Conclusion
Salvinia natans accumulates boron in

the tested range of boron concentrations in
water. The highest increase in dry matter
and the highest efficacy of bioaccumulation
of boron by Salvinia natans was observed for
aquatic boron levels of 1 and 3 ppm. Higher
doses of boron negatively affected the plants'
condition, limiting their growth and boron
absorption. Visual evaluation of Salvinia
natans confirmed plants' sensibility to high-
er aquatic boron levels (early stage of chloro-
sis). Elongation of the experiment time to
two weeks at maximum boron concentra-
tion of 5 ppm in water (the level of boron
excess in the surface waters in Poland) would
allow better investigation of the efficacy of
phytoremediation by Salvinia natans. 
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Introduction
The placenta is an organ that connects

the developing embryo and fetus with moth-
er. It plays very important role for the fetus
because, allow essential nutrient up take,
waste elimination and gas exchange. But it is
also a barrier to prevent passage of toxic sub-
stances. Mercury, a well-known teratogenic
agent, causes toxic effects in mammalian
species - including humans. This element
could be transferred through the placenta

from the mother to the fetus. The extent of
the negative effects induced by mercury
depends on the form of this element. Mer-
curic mercury does not readily traverse the
placental barrier, but accumulates in the pla-
centa. Berlin and Ullberg (1963) reported
that after injection of high doses of inorganic
mercury to pregnant mice, accumulation of
mercury is observed in the placenta and a
lower accumulation in the fetus. The experi-
ment on the rats (Yang et al. 1996) has been
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Abstract
Mercury, a well-known teratogenic agent causes toxic effects in mammalian species -

including humans. This element could be transferred through the placenta from the moth-
er to the fetus. The extent of the negative effects induced by mercury depends on the form of
this element. Mercury vapor and organic mercury compounds penetrate the placental barri-
er causing an accumulation of mercury in the fetus. Mercuric mercury does not readily pass
the placental barrier, but accumulates in the placenta. The aim of this research was to meas-
ure the mercury content in human placenta, and in the amnion. Biological material came
from 40 women living in the Upper Silesian Region - South of Poland (n=40). The margin-
al and the central part of placenta and the amnion were collected from each woman
(n=120). Age of patients was within the range of 18-40 years old. The dietary and life-style
characteristics were documented by questionnaires. Metal contents were determined by the
method of cold vapor atomic absorption spectrophotometry (CVAAS) by the mercury ana-
lyzer MA-2. Statistical calculations were performed with StatSoft Statistica 7.0 program.
The result of the present study demonstrated that average mercury levels were similar in
each part of placenta as well as in the amnion (0,008±0,001 mg�kg-1 d.m.). The minimum
contents of mercury in outermost placenta and in amnion were respectively 0,003 mg�kg-1
d.m. and 0,002 mg�kg-1 d.m. for the central placenta. The maximum contents of mercury
were 0,029 mg�kg-1 d.m. for the amnion, 0,033 mg�kg-1 d.m. for the outermost placenta,
and 0,040 mg�kg-1 d.m. for central placenta. Placenta can play important role in biomoni-
toring of mercury in environment. No association was observed between lifestyle of women
and accumulation of mercury in placenta and amnion. 

Key words: Toxic metals, mercury, accumulation, distribution, placenta.
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shown the same result - the placental mem-
brane is a barrier against the transfer of mer-
curic mercury into the fetus. On the other
hand, both organic forms of mercury
(methylomercury MeHg and mercury vapor
Hg0) penetrate the placental barrier, causing
an accumulation of mercury in the fetus
(Clarkson at al. 1972). Exposure to toxic
metals, such as mercury, has potentially
negative effect on fetal development, espe-
cially during early development stages (Ask
at al. 2002). Environmental toxicants such
as mercury may be detrimental to fetus and
infant development and health. This is due
to their physiological immaturity and differ-
ential exposures and a longer lifetime over
which disease initiated during pregnancy
and in early life can develop (Rudge at al.
2009). The organic mercury can easily pass
through the placental barrier, accumulates
in the fetus and changes the behavior and
perceptibility of child related to the function
of central nervous system (Wang and Jia
2005).The results of recent research indicate
that the mercury levels in cord blood were
almost double those of the mother, suggest-
ing that the fetus may act as a filter for the
maternal mercury levels during pregnancy
(Rudge at al. 2009).The aim of this research
was to measure the mercury contents in
human placenta and in the amnion. 

Materials and Methods
Biological material came from 40

women living in the Silesia Region - South of
Poland (n=40). The marginal and the cen-
tral part of placenta and the amnion were
collected from each woman (n=120). Age of
patients was within the range of 18-40 years
old (1st age group: 18-24 years old, 2nd age
group: 25-34 years old, 3rd age group: 35-40
years old). The dietary and life-style charac-
teristics were documented by question-
naires. Metal contents were determined by
the method of cold vapor atomic absorption
spectrophotometry (CVAAS) by the mercury
analyser MA-2. We did not determine the
forms of Hg passing to the fetus because the
analytical method did not distinguish it. Sta-
tistical calculations were performed with
StatSoft Statistica 7.0 program. 

Results and Discussion
The result of the present study demon-

strated that average mercury levels were the
same in each part of placenta and in the
amnion (0,008±0,001 mg�kg-1d.m.). The

minimum contents of mercury in marginal
placenta and in amnion were 0,003 mg�kg-1
d.m. and 0,002 mg�kg-1d.m. for the central
placenta. The maximum contents of mercu-
ry were 0,029 mg�kg-1d.m. for the amnion,
0,033 mg�kg-1d.m. for the marginal placen-
ta and 0,040 mg�kg-1d.m. for central placen-
ta (Tab. 1).

Table 1. Accumulation of mercury in the
amnion and the placenta (central and mar-
ginal) taken from women from Upper Sile-
sian Region (mg�kg-1d.m.).

The one way ANOVA test was per-
formed (and also post hoc analysis) to deter-
mine the distribution of mercury in various
parts of placenta which were collected from
women from different age groups (1st age
group: 18-24 years old, 2nd age group: 25-34
years old, 3rd age group: 35-40 years old). In
the 1st and 2nd age groups statistically sig-
nificant differences between accumulation
of mercury in various parts of placenta and
the amnion (I-amnion, II-marginal placenta,
III-central placenta) were observed. The sta-
tistically significant differences of accumula-
tion of mercury were observed between: I
part of placenta of 1st age group and I part of
placenta of 2nd age group (p=0,001), I part
of placenta of 1st age group and II part of pla-
centa of 2nd age group (p=0,007), I part of
placenta of 1st age group and III part of pla-
centa of 2nd age group (p=0,040). 

In different age groups we detected the
same mercury contents in different parts of
placenta (p=0,004). In different parts of pla-
centa different mercury contents in different
age groups were observed (p=0,181).
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The ANOVA test allow to determine
mercury content differences significance
between various parts of placenta and
amnion which were taken from women from
different age groups. The highest average
mercury accumulation was observed in
amnion of 1st age group (0,017±0,013
mg�kg-1d.m., minimum 0,006 mg�kg-1
d.m., and maximum 0,040 mg�kg-1d.m.),
and in the amnion of 3rd age group
(0,012±0,009 mg�kg-1d.m., minimum
0,004 mg�kg-1d.m., and maximum 0,026
mg�kg-1d.m.). The similar mercury contents
were observed in I and III part of placenta of
women from 1st age group (p=0,010) and
3rd age group (p=0,009). The lowest average
mercury contents were observed in amnion
of 2nd age group (0,006±0,004 mg�kg-1d.m.,
minimum 0,003 mg�kg-1d.m., and maxi-
mum 0,033 mg�kg-1d.m.).

Between age groups existed statistically
significant differences in average mercury
accumulation (p=0,000). The statistically
significant differences in average mercury
contents were observed between various
parts of placenta of 1st age group (0,018).
The statistically insignificant differences
were observed between various parts of pla-
centa and amnion in 2nd age group
(p=0,971) and 3rd (p=0,870) age group. 

The level of mercury increases with
progress of pregnancy. The highest concen-
tration was noted in the seventh month of
pregnancy (Suzuki at al. 1977). Research
conducted by Hubermont et al. (1978) rural
areas of Belgium have shown that levels of
mercury in blood samples from newborns
were higher than the levels of mercury in
maternal blood and placenta. The opposite
results were obtained by Tsuchyia et al.
(1984). Their research was conducted in the
town of Nagoya, Japan. The highest level of
Hg was observed in the placenta, lower in
cord blood and maternal blood mercury level
was the lowest. Organic mercury has a
stronger ability to penetrate the placenta
(Mansour et al., 1973), suggesting that
women from rural areas were more vulnera-
ble to its effects. Silesia Region, where the
women come from, is a resource-rich, indus-
trial and populous region, best known for its
coal mine and steel plants. Human-generat-
ed sources such as coal plants emit approxi-
mately half of atmospheric mercury. An esti-
mated 2/3 of human-generated mercury
comes from stationary combustion, mostly
of coal. Other anthropological sources

include cement production, waste disposal,
pig iron and steel production (Pacyna at al.,
2006). The huge environmental pollution
can be connected with accumulation of toxic
metals, such as mercury, in women's body. It
is worth stress that not only living environ-
ment but also our lifestyle can influence on
health. Stimulants (cigarettes, drugs and
alcohol) and diet play role in accumulation
and distribution of toxic metals. Oral con-
sumption is one of the major routes to mer-
cury exposure in mammals. Human lifestyle
should allow us to avoid or reduce contacts
with toxic metals. In our research we did not
affirm correlation between diet and lifestyle
with accumulation of mercury in placenta
and amnion. Mercury is in a mixture of den-
tal and its presence is observed in the blood
of mother and fetus on the second day after
placing amalgam in the teeth of pregnant
women (Vimy et al., 1990). 

The level of mercury in the women's
placentas from the Upper Silesia became
established at 0.008 mg�kg-1d.m. in the
examined parts of the placenta and fetal
membranes. Comparing these results to
studies conducted in previous years, it was
reported a decrease of mercury content in the
placenta of women (Hubermont et al., 1978;
Tsuchyia et al., 1984). The results of our
research demonstrate presence of mercury in
each sample (amnion, central and marginal
placenta). It can be connected with influence
of natural and living environment on human
health. 
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Introduction
Marine sediments are a very important

medium to assess the environmental quali-
ty, since vertical depth profiles of deep-sea
sediments conserve valuable historic infor-
mation on past conditions in these environ-
ments. Toxic compounds accumulate
through complex physical and chemical
adsorption mechanisms depending on the
properties of the adsorbed compounds and
the nature of the sediment. Metals and semi-
metals have an ecological significance has
they can accumulate in sediments and
became available for biota through the troph-
ic chain. Differentiation between metals
depends upon the chemical properties of the
element and their compounds and upon the
biological properties of the organisms at risk.
(Duffus, 2002).

Natural sources of these elements into
deep sea sediments include volcanic erup-
tions, geothermal vents and naturally
enriched substrates. As an example, during
and after eruptions, volcanoes release haz-
ardous gases and aerosols such as sulfur
dioxide (SO2), sulfuric acid (H2SO4), hydro-
gensulfide (H2S), hydrogen chloride (HCl),

hydrogenfluoride (HF), carbon dioxide
(CO2) and the radioactivegas radon (Rn), as
well as arsenic (As), mercury (Hg), alu-
minum (Al), rubidium (Rb), lead (Pb), mag-
nesium(Mg), copper (Cu) and zinc 

(Zn), among other elements (Amaral et
al., 2006). Thus, the characterization of sed-
iments, together with the vertical distribu-
tion of several elements, provides informa-
tion on potential sources of contaminants
and the deposition evolution with time.

Material and Methods
During the EMEPC/Azores/G3/2007

expedition in May/June 2007, five stations
were selected within the Azores platform and
the sea mounts south from the archipelago,
between 38oN and 29oN, respectively: Site A
- 38o38'N,67o39'W, site B -
34o55'N,31o56'W; site C -
32o02'N,27o45'W; site D -
30o24'N,28o39'W; and site E -
29o42',28o26'W. The deep sea sediments
were sampled with a gravity corer (cores were
enumerated from A to E, according to the dis-
tance from the Azores archipelago (Figure 1). 
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Abstract
The main objective of this study was to characterize the metals and semimetals verti-

cal profiles of the Atlantic deep sea sediments, between 38oN and 29oN. In this region, deep
sea sediment samples were collected in five stations within the Azores platform and the sea
mounts south from the archipelago, during the EMEPC/Açores/G3/2007 expedition in
May/June 2007. Each gravity corer (length between 225-328 cm) was sectioned taking into
account the visual stratification of the layers. Each selected layer was homogenised and sub-
samples were analysed for granulometry, total organic carbon, calcareous carbon, and total
concentration of the following elements was determined: Al, As, Cd, Cr, Cu, Fe, Li, Mn, Ni,
Pb and Zn. 

The vertical depth profiles of deep-sea sediments conserve valuable historic informa-
tion on past conditions in these environments. For this Atlantic region, results suggest nat-
ural sources for these elements, i.e., volcanic eruptions, geothermal and vents and natural-
ly enriched substrates. Nevertheless, it is important to know the background concentrations
(BCs) of these elements, so further research is still going on.

Key words: deep sea sediments, metals, Azores platform, Atlantic ocean
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Figure 1. The Azores platform and the location
of the five deep sea sediment sampling sites.

The length of the deep sea sediment
cores ranged between 225 cm and 328 cm.
On board, cores were sectioned taking into
account the visual stratification of layers,
based on colour and texture, and immediate-
ly preserved frozen (-18oC).

Once in the main land, samples were
freeze-dried and homogenised. Sediment
homogenised sub-samples were analysed for
granulometry, total organic carbon, calcare-
ous carbon, and total concentration of the
following elements: Al, As, Cd, Cr, Cu, Fe,
Li, Mn, Ni, Pb and Zn.

The analytical determinations were
carried with standardized quality control
procedures implemented in the laboratory
(blanks, replicates in 10% of the samples and
use of reference materials). Deep sea sedi-
ment samples were digested in a microwave
oven (ETHOS PLUS), using a mixture of 2
mL of hydrofluoric acid and 6 mL of aqua
regia. After digestion, each solution was neu-
tralised with boric acid, and concentrations
of the elements analysed by atomic absorp-
tion spectrometry (Solaar- Thermo Elemen-
tal), by flame for Cd, Cu, Zn, Al, Li, Cr, Fe,
Ni, Mn, Pb and hydrated gerador for As. The
procedure follows the guidelines within the
ICES-International Council for the Explo-
ration of the Sea (Loring and Rantala, 1990).
Certified reference materials (marine sedi-
ment SRM 2702, estuarine sediment SRM

1646 and estuarine sediment BCR 277) were
also analyzed following the same process;
obtained results showed that the total diges-
tion method used in the study provided com-
plete extraction for the sediments, once cer-
tified and measured values were in agree-
ment, with recoveries between 80 and 100%
for all elements.

Sediments granulometry for the select-
ed fractions (fraction < 63 µm and 63 µm <
fraction < 2 mm) was analysed by laser for-
ward scattering (MALVERN 2000 instru-
ment). Total carbon (TC) was measured
with a Strohlein C-mat 5500, by combustion
of 0.1 g of sample at 1350oC while detecting
the evading CO2 by an infrared detector.
Calcareous carbon (CaCO3) was measured
following the same procedure after acidifica-
tion of the sediment samples with H3PO4.
Total organic carbon (TOC) was calculated
by subtracting calcareous carbon from total
carbon. 

Results and Discussion
Table 1 summarizes the results on the

percentage of the content of fine particles
(<63 µm), TOC, CaCO3, and Al, and on the
concentrations of As, Cd, Cr, Cu, Fe, Li, Mn,
Ni, Pb and Zn (mg kg-1) on the deep-sea sed-
iment profiles on the Azores platform and on
the sea mounts south of the archipelago.
The particle size distribution showed a con-
tent of fine particles (< 63 µm) mostly
between 40% and 99%. Total organic carbon
(TOC) content varied between 0.10% and
0.86%, with the exception of site A (Azores
platform) that had a more uniform vertical
profile (around 0.1%). Site A also differed in
the content of aluminum (Al) and carbon-
ates (CaCO3). Site A had, respectively, for Al
and CaCO3, 8.5% and 0.8%, while in all the
other sites the range for the content of Al
was 0.9-1.2% and for CaCO3 was 10.2-
10.9%. Azores platform (site A) also showed
comparatively higher content of Iron (Fe),
and higher concentrations of manganese
(Mn), chromium (Cr) and zinc (Zn). The
metals copper (Cu), lithium (Li), niquel (Ni)
and the semimetal arsenic (As) did not show
the same trend, being the median concentra-
tions in the sediment vertical profiles similar
in the studied region.

The characterization of sediment,
together with the vertical distribution of
metals and semimetals, provides informa-
tion on potential sources of contaminants
and on the deposition of these elements with
time. For the considered elements, results 
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Table 1. Median percentage of TOC, Al, Fe and CaCO3, and of the median concentrations of
As, Cd, Cr, Cu,  Li, Mn, Ni, Pb, and Zn (mg kg-1) for the deep sea sediment profiles on the
Azores platform and on the sea mounts south of the archipelago, between 38oN and 29oN.

suggest that the vertical profiles on the
Atlantic deep sea sediments, between 38oN
and 29oN, represent a record for the tecton-
ic activity in this Atlantic region in past cen-
turies, i.e., they do not result from anthro-
pogenic activities. However, it is important
to know the background concentrations
(BCs) of these elements in marine systems,
to distinguish between natural concentra-
tions and anthropogenic-induced concentra-
tions (Palma et al., 2009).

Conclusions
The vertical depth profiles of deep-sea

sediments conserve valuable historic infor-
mation on the sources (natural versus
anthropogenic) of metals and semimetal in
these environments. 

The concept of background concentra-
tions (BCs) of these elements should be eval-
uated on a regional basis. To our best knowl-
edge, BCs for these elements have not yet
been proposed for this region, so further
research is going on in order to accomplish
this objective.
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Abstract

Plant materials are often used as bioindicators allowing evaluation of environmen-
tal pollutions. Such investigations together with multielemental analysis are usually per-
formed to provide information about influence of human activity on environment in
short and long periods. Plants, including leaves, roots, bark, grass and moss can serve to
estimate air pollution as well as they bring data about soil contamination and biomobil-
ity of metals from soil to plants.

Grass, moss and leaves of maple, silver birch and oak were the plant materials ana-
lyzed in the present study. Samples were collected from a few locations lying in industry
and mining region of Poland (Złoty Stok) and city large park areas (Wrocław, Poland) in
the spring and autumn time. Concentrations of elements (Al, B, Ba, Ca, Cd, Co, Cr, Cu,
Fe, Mg, Mn, Ni, P, Pb, Ti, V, Sr and Zn) were measured using inductively coupled plas-
ma optical emission spectrometry (ICP OES). For hydride forming elements i.e. As, Sb
and Sn, chemical vapour generation (CVG) as sample introduction system was
employed. The element concentrations were investigated taking into account kind of
bioindicator, season time and sampling location. Correlations between elements were
analyzed. Metal levels in the plants from industrial, mining and city park regions and
from unpolluted areas were compared and discussed.
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Introduction
The environmental impact of new

industrial and energy technologies is a sub-
ject of public interest. Of prime concern is
the possible migration of toxic material from
industrial sites or containment facilities into
the biosphere. The Aluminum(III) ion is of
particular importance because it is found in
the by-products of important industrial
activities and is also a known neurotoxin
disrupting essential biological processes in
plants and animals and may possibly play a
role in Alzheimer's disease (Swaddle 2001).
Contact with the aqueous phase would
undoubtedly play a major role in the migra-
tion of aluminum species. The alumino-flu-
oro complexes are also known to readily
occur (Martin 1991). Indeed, mononuclear
AlFx complexes have been associated with
high toxicity to, for example, plants (Facan-
ha and Okorokova-Facanha 2002), fish
(Hamilton and Haines 1995) and humans
(Li 2003). The AlF2+ complex, in particular,
has been demonstrated to be the dominant
alumino-fluoro species in acidified waters
(Seip, Muller et al. 1984).

In this work, we investigated the coop-
erativity behavior in the Al3+ hydrolysis
products in aqueous solution based on Den-
sity Functional Theory (DFT) calculations of
the Al3+ aqua/hydroxo species. In these cal-
culations the Al3+ ion in interaction with
H2O, OH- and F- ligands are considered

explicitly while the second hydration shell
and remaining solvent are treated as a con-
tinuum. The structural, electronic and
Gibbs free energy changes occurring in these
complexes as a function of hydrolysis are dis-
cussed in terms of complex reactivity. The
Gibbs free energies are used to estimate the
mole fraction of each species as a function of
solution pH.

Methods
Aqueous Al3+ species were investigat-

ed using DFT calculations with the B3LYP
exchange correlation functional and the 6-
311++G(d,p) basis set. The water solvent
was included in a continuum solvent mod-
eled using the IEF-PCM formalism with a
water dielectric constant of 78.39, ionic
strength of 0. All calculations were per-
formed with the Gaussian '03 package. This
level of theory has been demonstrated to pro-
vide a good representation of the Al3+ water
interaction (Bogatko, Moens et al. 2010).
Geometry optimizations were performed on
the mono-nuclear Al(OH)n(H2O)m

(3-n)+,
where n = 0,1,2,3 or 4 and (m+n) = 4,5 or 6,
and AlF(OH)x(H2O)y

(2-x)+ complexes,
where x = 0,1,2 or 3 and (x+y) = 3,4 or 5
species in gas phase. The atomic charges
were determined from Natural Population
Analysis (NPA) of the ground state electron
density calculated in the PCM environment.
The Gibbs Free Energies were calculated for

Equilibrium Properties of Aqueous Metal Aqua-/Hydroxo Species

S. Bogatko1, E. Cauet2, J. Moens1, P. Geerlings1

1Eenheid Algemene Chemie, Vrije Universiteit Brussel (VUB), Faculteit Wetenschappen,
Pleinlaan 2, 1050 Brussels (Belgium)
2Service de Chimie Quantique et Photophysique CP 160/09, Université Libre de Bruxelles,
50 Av. F.D. Roosevelt, B-1050 Bruxelles, Belgium.

Abstract
The Aqua/hydroxo mono-nuclear Al3+ and AlF2+ species in aqueous solution are

investigated using Density Functional Theory (DFT). Structural and electronic properties
are shown to be strongly modulated by water hydrolysis. Results clearly demonstrate that as
the complex coordination number decreases the hydrolysis reaction proceeds increasingly
more favorably. The relative Gibbs Free Energy of each species shows a gradual transition
from preferring the 6- to 5- to 4-coordination as a function of ligand hydrolysis, in agreement
with published experimental and theoretical work. We have also computed the equilibrium
constants of each of the above reactions and, using [H+] as a parameter, estimated the mole
fraction of each species as a function of pH. The effect of a coordinating F- anion is signifi-
cant and leads to increased acidity of these species. Results of a preliminary study on the
aqueous Al2 dimer is also presented in the context of hydrolytic polymerization of aqueous
Al3+ species.

Keywords: Aluminum (III), Hydrolysis, Fluorine, Polymerization
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the gas phase geometries and the Solvation
Free Energies were estimated following the
methods discussed in (Bogatko, Moens et al.
2010). 

Results
The Al3+ aqua-/hydroxo- structure,

electronic and energetic data is provided in
figures 1 and 2 which present the Al-O and
O-H distances (Fig. 1) and the O and H nat-
ural charges (Fig. 2) of the
Al(OH)n(H2O)m

(3-n)+ and
AlF(OH)x(H2O)y

(2-n)+ complexes as a
function of  "number of negative ligands"
(that is, total number of F- and OH- ligands).
In figure 2 the total free energies of these
species are presented as a function of "num-
ber of negative ligands" and coordination
number (CN).

In figure 1 (Left) the water (solid lines)
and hydroxide (dashed lines) Al-O bond
lengths of the Al3+ (hollow symbols) and
AlF2+ (solid symbols) are nearly perfectly
superposed. The O-H bond lengths of the
Al3+ and AlF3+ complexes also appear to
be very closely related. More precisely, the
Al-O and O-H bond lengths of the
AlF(OH)x(H2O)y

(2-n)+ species appear to
correspond to the Al-O and O-H bond
lengths of the Al(OH)n(H2O)m

(3-n)+
species with n=x+1 and y = m. This is sup-
ported by fig. 1 (Right) which shows that the
O and H natural charges of the F- coordinat-
ed species display the same trend as those of

the non-F- coordinated species and in partic-
ular the near equivalence between the
charges of the AlF(OH)x(H2O)y

(2-n)+ and
Al(OH)x+1(H2O)m

(3-n)+ complexes.
These results support a qualitative equiva-
lence between the F- and OH- ligands with
respect to their influence on the bonding and
polarizing ability of the Al3+ central cation. 

In Fig. 2 (Left) the Gibbs free energies
for the AlF(OH)x(H2O)y

(2-n)+ and
Al(OH)n(H2O)m

(3-n)+ species may be
brought into surprisingly close coincidence
by considering the number of negative lig-
ands as the fundamental parameter and tak-
ing the Al(OH)(H2O)5

2+ complex as a ref-
erence for the non-fluorine coordinated
species and the AlF(H2O)5

2+ species as ref-
erence for the Fluorine coordinated species.
The structure of these two data sets are strik-
ingly similar and both suggest an evolution
from favoring 6-coordination at low anion
coordination to 4-coordination at high anion
coordination with an intermediate region in
which the 4-, 5-, and 6-coordinated com-
plexes are very close in free energy. An
important observation is that, for a given
CN, the free energy difference between the
aqua species and the first hydrolysis product
is large for the Al3+ complex while much
smaller for the AlF2+ complex. Indeed, for
Al3+, hydrolysis of the aqua species was
observed to be the least favorable whereas for
AlF2+ these are the most favorable hydroly-
sis reactions.
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In Fig. 2 (Right) the relative Gibbs free
energies of AlF2+ and Al3+ are plotted as
curves of constant 'Number of Negative
Ligands' against the complex CN. We note
the absence of any curve of AlF2+ corre-
sponding to 0 negative ligands and the simi-
larities between the AlF2+ and Al3+ data
for the curves corresponding to 1, 2 and 3
negative ligands. The CN = 4 point of the
curve corresponding to 4 negative ligands of
AlF2+, that is AlF(OH)3

1-, is also close to
the single data point, Al(OH)4

1-, of Al3+.
Thus, the Al3+ and AlF2+ complexes both
display remarkably similar behavior when
viewed in terms of total number of negative
ligands and we are again led to the idea that
F- and OH- are playing similar roles.

In view of figures 1 and 2 we may say
that F- coordination greatly enhances the
reactivity of the Al-coordinating waters and
the hydrolysis and de-hydration reactions
proceed much more freely than observed in
the case of no coordinating F-. 

Figure 3 shows that at low and high pH
the mole fractions of the Al(H2O)6

3+ and
Al(OH)4

1- species, respectively, are near 1
and within an intermediate pH range the
curves representing the various
Al(OH)(H2O)m

2+, Al(OH)2(H2O)m
2+

and Al(OH)3(H2O)m
1+ and species display

maxima at 4.4, 4.5 and 4.6 pH units, respec-
tively. 

The ordering and location of these
species is consistent with observed coopera-
tivity in the Al3+ hydrolysis products. This
is in stark contrast with figure 7 for the

AlF(OH)x(H2O)y
(2-n)+ system which is

dominated at low pH by the Trans isomer of
the AlF(OH)(H2O)4

1+ and at pH above
~1.5 by the AlF(OH)3

1- species. These
observations provide a clear indication that
F- coordination has significantly changed
the hydrolyzing properties of the Al-Water
interaction in the direction of increased acid-
ity. Therefore, the formation of aqueous AlF
complexes facilitates the release of protons
of coordinating waters. This promoted
release of protons may play a very important
role in the environment because it may
explain the high acidity(Seip, Muller et al.
1984) of the medium in which these species
are found. 

Early results indicate that the aqueous
Al2 dimer stability is sensitive to the amount
of water coordination and the CN of bridging
hydroxides.

Conclusions
We have performed a first principles

investigation of the Al mono-nuclear hydrol-
ysis products with and without a coordinat-
ing F- ligand in aqueous solution at the
B3LYP/6-311++G(d,p)/IEF-PCM level of
theory. Trends in Al-O and water ligand O-H
bond lengths suggest increased acidity with
decreasing CN and decreased water stability
with increased hydrolysis. This is also sug-
gested by analysis of the atomic charges
showing the Al-water interaction strength
and water polarization both decrease with
increasing CN and hydrolysis. 
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These observations are supported by
analysis of the Gibbs Free Energies which
show a strong correlation between increased
hydrolysis and a preference to coordinate
fewer waters. Calculation of the equilibrium
mole fraction of each species as a function of
pH shows that aqueous Al3+ is largely dom-
inated by the Al(H2O)6

3+ and Al(OH)4
1-

species and by AlF(OH)1(H2O)4
1+ and

AlF(OH)3
1- species when the complexes are

coordinated by a F-.
The F- anion coordinates the Al3+

cation in a similar way to the remaining OH-
anions and favors the formation of higher
hydrolysis products thus increasing the acid-
ity of aqueous Al3+ complexes. Our model,
thus, provides compelling evidence that the
formation of aqueous AlF2+ complexes may
actively play a role in the acidification of nat-
ural waters.
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Introduction
Cadmium and chromium are heavy

metals used on a large scale in many differ-
ent industries including metallurgical, pro-
duction of paints and pigments and tanning.
Additionally, Cd is generated in battery
manufacturing and agriculture. In mam-
mals, Cd causes disorders in calcium and
vitamin D metabolism, and it causes bio-
mass reduction and chlorosis in plants. In
the case of Cr, its impact in biological sys-
tems depends on metal speciation, which is
responsible of its mobility, bioavailability
and toxicity. The two most common and
stable chemical species of chromium in the
environment are Cr(III) and Cr(VI). While
Cr(III) is stable and non toxic, Cr(VI) causes
oxidative stress and DNA damage in ani-
mals and plants.

S. vulgaris (Moench) is a gynodioe-
cious, and facultative methallophyte. It is
widely distributed throughout Europe and

possesses multiple populations that have
evolved high tolerance levels to heavy met-
als. These characteristics made this species
very interesting at the initial stages of reveg-
etation and soil remediation. It exhibits high
level of genetic variability, different life
forms and reproductive systems. Some pop-
ulations of S. vulgaris present significant
high levels of metal tolerance. This alloga-
mous species show a genetic variability
regarding metal tolerance which is observed
within and between natural populations.
Many populations have been proved to be
tolerant to heavy metal and their combina-
tions, especially Cd, Zn and Pb. Data from
these studies make S. vulgaris to be consid-
ered an interesting species in the early stages
of revegetation and soil restoration. Howev-
er no information is available about its
capacity to tolerate and accumulate chromi-
um. In order to avoid some problems associ-
ated with high level of genetic variability 
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Abstract
Cadmium and chromium are heavy metals released into the environment as a result of

their use in large-scale industry. New research into technologies to remove these metals from
polluted areas has become a major area of concern. Silene vulgaris (Moench) is a pioneer and
facultative methallophyte. This species has multiple populations that have developed high lev-
els of tolerance to heavy metals which makes it very interesting at the initial stages of revege-
tation and site decontamination. The objective of this work was to study the influence of S.
vulgaris genotypes on Cd and Cr uptake. A semihydroponic experiment was carried out with
cuttings of six genotypes of S. vulgaris (four hermaphrodites and two females) from different
populations of Madrid (Spain). Cuttings were rooted and cultured in a phytotron chamber in
black polyethylene trays filled with perlite and Hoagland nutrient solution. Plants were treat-
ed for 15 days as follows: (a) Control, nor Cd or Cr addition in nutrient solution (b) Cd 6 µM
as CdSO4 8H2O (c) Cd 30µM as CdSO4 8H2O (d) Cr (VI) 60µM as K2Cr2O7 and (f) Cr (III)
60µM as Clr3Cr. Aerial part and root were dried and acid digested to measure total content of
Cd and Cr by AA. Silene vulgaris showed genetically variability to uptake both metals even at
genotypic level, and especially between hermaphrodite and female genotypes. The last one
seems to be less efficient than hermaphrodite ones to metal uptake

Key words: Cadmium, Chromium, Silene vulgaris, genotypes, metal uptake
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within and between natural populations of S.
vulgaris, cuttings from selected genotypes
were used. Differences in the uptake and dis-
tribution of heavy metals among genotypes
of S. vulgaris have been reported only for Cu
(Price and Abrahams 1994). The purpose of
this work was to study the variability in
metal uptake of Cd(II), Cr(III) and Cr(VI) of
six genotypes from Madrid Region (Spain).

Materials and Methods
Six genotypes of S. vulgaris (Moench)

were chosen from different populations of
Madrid (Spain): Cadalso de los Vidrios (SV-
19), Rozas de Puerto Real (SV-21), Pinilla del
Valle (SV-27), Orusco (SV-30), Brea de Tajo
(SV-36), Valdemaqueda (SV-38). Genotypes
SV-19 and SV-38 were female, meanwhile
the others were hermaphrodites. Cuttings
were collected from field in "El Encín"
(Madrid, Spain) where they have been propa-
gated vegetatively in plots of 1m2. Just after
collecting, genotype cuttings were dipped
into rooting hormone Inavarplanté 1(ác. 3-
ondobutílico (A,B) 0.1%, ác. 1-nactilacético
(ANA) 0.1%, ziram 4%). Then they were
transferred into black polyethylene trays
(five cuttings in each tray) with 40 sockets
filled with vermiculite. Trays were filled in
3L of the corresponding solution and trans-
ferred into a phytotron chamber (photoperi-
od 16h/8h, temperature 20oC/16oC, 165
µmol photons m-2s-1). Cuttings were root-
ing with tap water for 2 weeks. Then they
were kept 1 week in Hoagland Nutrient solu-
tion diluted 1/3, 1 week diluted 1/2 and
another 3 weeks in full strength Hoagland
Nutrient solution: 3mM KNO3, 2mM
Na(NO3)2�4H2O, 1mM NH4H2PO4,
0.5mM MgSO4�7H2O, 50 µM NaCl, 25 µM
H3BO3, 2 µM ZnSO4�7H2O, 2 µM
MnSO4�H2O, 0.1 µM CuSO4�5H2O,
0.5 µM (NH4)6Mo7O24�4H2O, 20 µM Fe-
EDDHA. After this period of aclimatation
plants were randomly selected to be treated
as follows: (a) Control, nor Cd or Cr addition
in nutrient solution (b) Cd 6 µM as
CdSO48H2O (c) Cd 30 µM as CdSO48H2O
(d) Cr(VI) 60 µM as K2Cr2O7 and (f) Cr(III)
60 µM as Cl3Cr. Four trays were used as
independent replicate of each treatment.
The pH of the solutions was to 5.5 with
KOH before using. Nutrient solutions were
replenished daily and completely changed
every 3 days.

Plants were harvested 2 weeks after
treatment. Roots and aerial parts were sepa-

rated, washed with distilled water and dried
in a forced air oven for 48 hours at 70oC. Dry
weights were determined and plant material
was grounded. Plant dried samples were
digested in an Anton Paar Microwave Reac-
tion System 3000 by adding of 6ml of HNO3
65% and 2ml H2O2 33%. Afterwards, vol-
umes were brought up to 25ml with MQ
water and total concentrations of Cd and Cr
were measured in the extracts with ICP and
Flame- AA.

Data were analyzed with a General
Lineal Model using the statistical package
SPSS version 16.0. The analysis were fol-
lowed by a Duncan's multiple range test
(MRT) with a significant threshold for
p<0.05. Values in the tables and figures
indicate mean values. Significant differences
among genotypes and treatments at p<0.05
are indicated by different letters. 

Results and Discussion
Total cadmium concentrations are

shown in Table 1. In aerial part and roots,
the higher the dose is applied, the greater
absorption is observed in all genotypes.
Therefore, the concentration of Cd in the tis-
sues of S. vulgaris depends on the concentra-
tion of Cd in the nutrient solution as previ-
ously reported by other authors (Chardon-
nens et al. 1998). Differences are significant
also among genotypes. Female genotypes
show significant lower Cd uptake than her-
maphrodites. Among them, SV-21 presents
the highest Cd uptake in aerial part at high
Cd dosage. Hyperaccumulation of heavy
metals depends on an interrelated network
of physiological and molecular mechanisms
genetically controlled. Previous studies have
found differences in the uptake and distribu-
tion of Cd among genotypes of soybean
(Arao et al. 2003), pea (Belimov et al. 2003)
and rice (Cheng et al. 2008).  

Total Cr contents in aerial part and
roots per plant are shown in table 2. There
are no significant differences between geno-
types to Cr uptake, but the trend shows a
decrease in Cr uptake to female individuals.
Hermaphrodite SV-21 accumulates the
greatest amount of Cr in aerial part and
roots. Differences among genotypes have
been found in Indian mustard (Diwan et al.
2008) and rice (Zeng et al. 2010) but in these
studies, plants were treated with higher
dosages than used in our experiment.
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Total Cr uptake in S. vulgaris growth in
nutrient solution with Cr(VI) was higher
than those treated with Cr(III). In some
cases, differences reach twice in aerial part
and ten times in roots. The influence of spe-
ciation on Cr uptake has been already report-
ed in other species (Zayed et al. 1998,
Gardea-Torresdey et al. 2005). This fact has
been explained based on Cr(VI) that is taken
up actively by mechanisms involving carri-
ers of essential anions such as sulphate,
meanwhile Cr(III) is taken up passively,
being retained by the cation exchange sites of

the cell wall (Skeffington et al. 1976).
Chromium tends to be accumulated in roots
and poorly translocated into the aerial part
as has been reported by (Shanker et al. 2005). 

Despite being treated with two fold
more Cr than Cd, all genotypes accumulate
similar amounts of both metals in roots, but
the Cd concentration in aerial part tissue
was 10% and 20% higher than Cr.  This data
reveals that S. vulgaris seems to be more effi-
cient in the accumulation and translocation
of Cd than Cr.

Table 2. Mean chromium concentrations (µg Cr�plant-1) in Silene vulgaris genotypes treat-
ed with 60 µM Cr(III) or Cr(VI) after 15days (n=4). Different small letters mean significant
differences between treatments and different capital letters among genotypes (p<0.05).

Table 1. Mean cadmium concentrations (µg Cd�plant-1) in Silene vulgaris genotypes treat-
ed with Cd after 15 days (n=4).Different small letters mean significant differences between
treatments and different capital letters among genotypes (p<0.05).



Conclusions
Our results confirm the high genetical-

ly variability in metal uptake of S. vulgaris
even in genotypes from neighboring areas
and especially between hermaphrodite and
female genotypes, which seems to be less effi-
cient in the uptake of cadmium and chromi-
um. Among the genotypes studied here, the
hermaphrodite SV-21 seems to be the most
efficient in the uptake of both metals.

S. vulgaris seems to be more efficient in
the uptake and translocation of Cd than Cr
so it can be consider a good candidate to the
phytoextraction of Cd. However the poor
translocation of Cr to leaves and shoots
makes controversial in using these plants
with this purpose. In this sense, further
studies are necessary to better understand
cadmium and chromium uptake by S. vul-
garis and to select the most effective geno-
type in field.
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Introduction
Trace metals are among the most com-

mon environmental pollutants, and their
occurrence in waters and biota indicate the
presence of natural or anthropogenic sources.
The existence of trace metals in aquatic envi-
ronments has led to serious concerns about
their influence on plant and animal life. Trace
elements are easily influenced by environmen-
tal factors such as surface runoff, groundwater,
dissolution from sediment, deposition from
the atmosphere and anthropogenic pollutants.
Hence, trace metals may be sensitive indica-
tors for monitoring changes in the water envi-
ronment. Water of the river Tsurumi has been
receiving significant amount of wastes con-
taining base metals from municipal waste-
waters, household garbage, industrial and
vehicle discharges due to rapid urbanization
and strong wildlife populations consequently
the quality of water is being polluted. Recently
Mohiuddin et al. (2010) reported that the dis-

tribution of trace metals in the downstream of
Tsurumi River water and sediments are
enriched alarmingly and may affecting aquatic
ecology. Keeping these views in mind, this
research work was conducted to determine the
spatial distribution and winter and summer
seasonal variation of trace metal content in
polluted Tsurumi River sediments and to per-
form the sequential extraction procedure for
partitioning of trace metals for determining
the anthropogenic portion of trace metals.

Materials and Methods
Sediments samples were collected from

twenty sites on winter, 2008 and summer
2009 (Table 1). For the determination of total
trace metals (e.g. Zn, Cu, Pb, Cr, Cd, Ni, Co,
As, Mo and Sr) the extraction was carried out
in Teflon containers provided with screw stop-
pers as described by Tessier et al. (1979) and
trace metals concentrations in the extract were
determined by ICP-MS. A widely used 5-step  

Seasonal and Spatial Distribution of Heavy Metals 
in the Bed Sediments of Polluted Tsurumi River

K.M. Mohiuddin1,2, K. Otomo3, N. Shikazono1
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2Department of Agricultural Chemistry, Faculty of Agriculture, Bangladesh Agricul-
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3Laboratory of Geochemistry, School of Science for Open and Environmental Systems,
Graduate School of Science and Technology, Keio University, 3-14-1 Hiyoshi, 223-
8522 Yokohama, JAPAN, kazuo420305@yahoo.co.jp

Abstract
The Tsurumi is a class one Japanese river. It has a significant metal loading originating

from urban environment. Sediments samples were collected from twenty sites on Winter, 2008
and Summer 2009 and analyzed to determine and compare the extent of heavy metal content
viz. zinc (Zn), copper (Cu), lead (Pb), chromium (Cr), cadmium (Cd), nickel (Ni), cobalt (Co),
arsenic (As), molybdenum (Mo) and strontium (Sr). Total trace metal concentrations were
measured in the liquid extracts of the sediments by inductively coupled plasma mass spectrom-
etry (ICP-MS). A widely used 5-step sequential extraction procedure was also employed for the
fractionation of the metals. Concentration of Zn, Cu, Pb Cr and Cd were three to four times
higher than that of standard values and downstream sediments are much more polluted than
the upstream sites. Geochemical partitioning results suggest that the order of potential trace
metal mobility in aquatic environment is: Cd > Zn > Pb > Cu > Co > Cr > Mo > Ni. The pol-
lution load index (PLI) has been used to access the pollution load of different sampling sites.
According to Intensity of pollution (IPOLL), Tsurumi River sediments are moderately to heavi-
ly contaminate by Zn, Pb and Co. EFc values demonstrated that the Cd content is enriched
alarmingly in both season. The area load index and average PLI values of the river was 7.77, 4.93
in winter and 7.72, 4.89 in summer, respectively. If the magnitude of trace metal pollution in
the river system increases consecutively, may have severe impacts on the aquatic ecology in the river.

Key words: Seasonal Variation, Pollution assessment, Heavy metal, Tsurumi River,
Water and sediment
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sequential extraction procedure described by
Hall et al. (1996) was employed. The five steps
are as follows: Step-1: AEC (Adsorbed/
Exchangeable/ Carbonate) Phase, Step-2:
Amorphous Fe Oxyhydroxide, Step-3: Crys-
talline Fe Oxide, Step-4: Sulphides and Organ-
ics, Step-5: Silicates and Residual Oxides.

Table 1. Location of different sampling sites of
the downstream of Tsurumi River

Results and Discussion
Average concentration along with stan-

dard deviation of total trace metal viz. Zn, Cu,
Pb, Cr, Cd, Ni, Co, As, Mo and Sr contents in
winter and summer sediments are presented
in Table 6. The trace metals were also com-
pared with background and toxicological refer-
ence values. The average concentration for
trace metals in summer samples is lower than
winter samples, which may be due to the dilu-
tion effect of the surplus water in summer.

The standard deviation for Zn, Cu, Pb, Cr and
Ni, is higher which reflects the variation in
sites to sites. Detailed values designate the
presence of higher amount in downstream and
lower amount in upstream.  The average con-
centration of Zn, Cu, Pb, Cr, Cd greatly
exceeded the geochemical background (shale
standard and continental crust) as well as
Japanese river sediment average. Whereas
mean concentration of Ni, Co, As, Mo and Sr
were almost similar to the standard value.
However, when compared with effect-based
toxicological level i.e. Toxicity reference values
(TRV) of US EPA the situation was also quite
alarming for Tsurumi river sediments because
for all the trace metals values were several fold
higher, which indicate that the levels of trace
metals found in the sediments of the river 

General Geochemical Fractionation Trends
The order of importance of different geo-

chemical fractions of trace metals in Tsurimi
River winter and summer sediment samples
were almost similar. The order obtained for
the winter samples of the study were:

Zn: AEC >> amorphous Fe oxyhydrox-
ide > silicates and residual > crystalline Fe
oxide > sulphides and organics 

Cu: amorphous Fe oxyhydroxide >> sil-
icates and residual > crystalline Fe oxide   sul-
phides and organics > AEC 

Pb: amorphous Fe oxyhydroxide >> sil-
icates and residual > AEC ~ crystalline Fe
oxide > sulphides and organics 

Cr: silicates and residual > amorphous
Fe oxyhydroxide ~ crystalline Fe oxide > sul-
phides and organics > AEC 

Cd: AEC >> silicates and residual >
amorphous Fe oxyhydroxide

Co: amorphous Fe oxyhydroxide > sili-
cates and residual > AEC >  sulphides and
organics > crystalline Fe oxide

Ni: silicates and residual >> amor-
phous Fe oxyhydroxide > AEC > crystalline
Fe oxide > sulphides and organics

Mo: crystalline Fe oxide > sulphides and
organics > silicates and residual > AEC >
amorphous Fe oxyhydroxide 

These findings suggest that the order of
potential trace metals mobility in the aquatic
environment of Tsurumi River is:

Cd > Zn > Pb > Cu > Co > Cr > Mo >Ni
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Assessments of Anthropogenic Pollution 
Index of Geoaccumulation (Igeo) and

Pollution Intencity (IPOLL)
The geoaccumulation index Igeo values

were calculated for different metals as intro-
duced by Muller (1969), which is Igeo = Log2
[Cn/( 1:5 *Bn)] where Cn is the measured con-
centration of element n in the sediment and
Bn is the geochemical background for the ele-
ment n. The factor 1.5 is introduced to include
possible variations of the background values
that are due to lithologic variations. Karbassi
et al. 2008 proposed modification in Igeo cal-
culation and suggest the equation as follows

IPOLL = Log2 [Bc/Lp]; Where Bc and Lp
are indicative of pollution intensity, bulk con-
centration and lithogenous portion, respec-
tively. Bc was computed by subtraction of the
anthropogenic portion of metals from bulk
concentration. Since there was not any need in
these evaluations to use the shale metal con-
centrations, the constant factor (1.5) was elim-
inated. Here, chemical partitioning results is
substituted for the mean crust and shale lev-
els. The calculated Index of geoaccumulation
(Igeo) and Pollution Intencity (IPOLL) of the
trace metals in the winter and summer sedi-
ments of the river Tsurumi and their corre-
sponding contamination intensity are illus-
trated in Fig. 1.

Figure 1. Comparison of Igeo and IPOLL values 

The Igeo and IPOLL values for winter
samples are higher than summer samples and
IPOLL values were always higher than Igeo
values for same elements. Igeo values Zn, Cu,
Ni and Mo exhibited in class 1 and 2, indicat-
ing uncontaminated to moderately contami-
nated sediments. Whereas, Pb and Co lies in
zero class indicates unpolluted sediment qual-
ity. On the other hand, the IPOLL values for
reflects a bit alarming results Zn, Pb and Co in
class 3 i.e. moderately to heavily contaminat-
ed sediments and Cu, Cr, Ni and Mo in class 1
and 2, indicating uncontaminated to moder-
ately contaminated sediments.

Table 2. Comparison of Trace metal concentration (µg g-1) in Tsurumi river sediment win-
ter and summer samples

aTurekian and Wedepohl (1961); bTaylor (1964); cUS EPA (1999) and dGamo (2007).
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Pollution Load Index 
The pollution load index (PLI) proposed

by Tomlinson et al. (1980) has been used in
this study to measure PLI in sediments of the
river Tsurumi. PLI values of sediments of the
studied region vary from site to sites and sea-
son to season. The figure 2 reflects the
decreasing trend of PLI from downstream to
upstream. The PLI values for winter and sum-
mer ranged from 2.2-10.1 and 1.6-11.1,
respectively. Some sites of down and mid-
stream showed higher PLI values in summer,
which may the reflection of prolonged exis-
tence of polluted water in river mouth as they
cannot mix easily with Tokyo bay water due to
high tide. The area load for winter and sum-
mer is almost same having 7.77 and 7.76
respectively and Cd, Zn, Pb, As and Mo were
the major 5 pollutants contributing towards
the relatively high PLI for this area.

Conclusion
A detailed examination on geochemical

fractionation, comparison with different stan-
dards, toxicological reference values and back-
grounds indicate that Zn, Cu, Cd, Pb, Cr and
Cd and to a lesser extent Ni, Co, As, Mo and
Sr are anthropogenically enriched in Tsurumi
River sediments. This study has revealed that
the order of potential trace metals mobility in
the aquatic environment of Tsurumi River is
in the order of Cd > Zn > Pb > Cu > Co > Cr
> Mo > Ni. Various environmental parame-
ters are varied with location and season. Vari-
ation in overall pollution load is not so signifi-
cant in winter and summer season, but down-
stream is severely polluted. As enhanced con-

centrations of trace metals are recorded in
most populated urban areas as well as close to
industrial establishments, indicating that
their concentrations have been strongly affect-
ed by anthropogenic influences. According to
IPOLL, Tsurumi River sediments are moder-
ately to heavily contaminate by Zn, Pb and
CoThe area load index and average PLI values
of the river was 7.77, 4.93 in winter and 7.72,
4.89 in summer, respectively; Which indicate
that the river sediments are in polluted condi-
tion and in summer pollution load is lower
than winter, may be due to dilution effect of
surplus water.. 
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Introduction
Traditional monitoring programmes in

waters normally rely on the determination of
dissolved/particulate concentrations of con-
taminants. However, novel technologies
that permit the measurement of contami-
nants labile fraction (free ions and easily dis-
sociable species) are achieving importance as
a more realistic approach to the biological
impact on the systems (Garofalo et al., 2004;
Sherwood et al., 2009). Furthermore, the
publication of the European Water Frame-
work Directive (WFD; 2000/60/EC) that
requires the achievement of the good ecolog-
ical status in marine waters by 2015, has
promoted the development of efficient
methodologies to fill the gap between chem-
ical analysis and adverse biological effects.

Passive samplers represent a well
assessed technology for the determination of
freely dissolved concentrations of contami-
nants (Davison and Zhang, 1994). This in
situ technique avoids samples contamina-
tion due to sampling and treatment before
analysis. Moreover, metallic compounds are
preconcentrated reducing some of the diffi-
culties and costs related to the analysis of
trace metals. The metal species measured
represents the fraction most potentially

bioavailable to the biota, having a more eco-
toxicological relevance. In this study, Diffu-
sive Gradients in Thin Films (DGTs) have
been used to determine the labile concentra-
tion of Cd, Cu, Ni, Pb and Zn in water bod-
ies of different salinities (13 estuaries; Bay of
Biscay).

Materials and methods
DGT relies on the transport of solutes

across a well-defined gradient in concentra-
tion, typically established within a layer of
hydrogel and outer filter membrane. After
diffusing through the outer layers, metals are
irreversibly chelated at the backside resin
(Chelex-100 immersed in polyacrylamide).

In the present study, DGTs were
deployed in triplicates in 13 estuaries of the
Bay of Biscay (Figure 1), in the inner and
outer part of the estuaries, covering a wide
salinity gradient. DGTs were immersed in
the water column at 2 m depth and collected
after about 10 days of deployment. Physical
parameters were recorded (pH,DO,salinity
and Ta) and immersion time was registered
to the nearest minute. When retrieved, DGT
surface was cleaned in situ with MQ water,
to discard any particle adhered to the surface,
and each device was stored in an individual

Application of Passive Samplers for Labile Metal Fraction Evaluation
in Estuarine Waters: an Example from the Bay of Biscay 

(North-Eastern Spain)
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Abstract
This study was carried out in 13 estuaries of the Bay of Biscay. In situ deployment of

DGT devices was done in the inner and outer part of the estuaries covering a wide salinity
gradient. The devices were deployed during about ten days and accumulated metals concen-
tration was determined in the laboratory. The results obtained have been compared with the
historical data series of filterable-metal concentrations in these estuaries. The results high-
light the advantages and disadvantages of in situ specific and routine monitoring techniques. 

Key words: Bay of Biscay, estuary, heavy metals, labile metal, Diffusive Gradients in
Thin-Films, monitoring techniques
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clean plastic bag. DGT probes were carried
to the lab and preserved at 4oC until chemi-
cal analysis.

The theory behind calculation of DGT-
labile metal concentrations in the water col-
umn has been described elsewhere (Davison
and Zhang, 1994). Briefly, the average con-
centration of DGT-labile metal over the
period of deployment is calculated from
equation (1). Once metal concentration in
the eluate is determined (Ce), the mass of
metal accumulated in the Chelex-100 resin
(M) is calculated (1). Then, the average labile
metal concentration in water (Cb) can be
backward calculated (2).

(1) M= Ce (Vg+VHNO3)/fe

Where Ce is the metal concentration
measured in the eluate, Vg and VHNO3 are
the volumes of the gel and the nitric acid,
respectively and fe is the elution factor (i.e.
ratio of metal that is eluted from the resin).

(2) Cb= (M∆g/DtA)

Where, M is the mass of metal accu-
mulated in the resin, ∆g is the diffusive layer
thickness, D is the diffusion coefficient of
the metal, t is the immersion time of the
DGT probe and A is the exposure area.

Figure 1. Geographical location of the estuaries along the Basque-French coast. Modified
from Belzunce et al. (2004) 

Figure 2. Results of metal labile concentration (Cd,Cu,Pb,Ni and Zn)measured by DGTs in
seawater (µgL-1) in three estuaries along the Basque-French coast.  
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Results and discussion
The results of dissolved labile metal

concentrations (Cd, Cu, Pb, Ni and Zn)
measured by DGTs in three estuaries of the
Basque-French coast have been collected in
Figure 2. Based on DGT results, water trace
metals concentration decreased in the order
Zn>Cu~Ni>Cd~Pb.

The comparison of the results obtained
by DGTs with the historical data series of fil-
terable-metal concentrations in these estu-
aries highlights some shortcomings of the
latter. On one hand, estuaries are highly
dynamic systems characterized by fast
changes of water metal concentrations,
being difficult to be interpreted only based in
temporally discrete sampling. However,
DGTs accumulate constantly in situ, repre-
senting the time-averaged concentration of
trace metals during the deployment time.
On the other hand, saline matrix effects are
overcame (nitric acid extraction) and the
metals are concentrated, increasing the sen-
sitivity of analyses. 

Therefore, DGTs seem to be a promis-
ing tool for the measurement of trace metal
labile concentration in highly variable sys-
tems. However, more studies are recom-
mended in different environmental condi-
tions in order to validate their use within
European guidelines. 
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Evidence of Naturally High Levels of Chromium 
in the Ortigueira Ria (NW Iberian Peninsula)
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Abstract

The influence of chromium minerals (chromite and chromospinel), associated with
ultrabasic rocks of Ortegal Complex (SW Europe), on the levels of Cr in water, particles
and organisms from Ria Ortegal was studied. The sampling comprised 24 water samples
in the tributary rivers Mera, Landoi and Lourido, 42 surface sediments in Ria and Orte-
gal shelf, and 8 samples of the mussel Mytilus edulis and Fucus spp. Total Cr was deter-
mined in all samples and the labile fraction determined in selective sediment samples
using ICPMS and GFAAS. Levels of Cr in surface sediments (<2 mm) ranged within the
intervals: 200-930, 230-1340 and 290-1660 mg�kg-1 in inner, outer Ortegal ria and
shelf, respectively. Labile Cr was only up to 0.3% of total Cr. Results point to 5-10 times
higher levels than the background concentration of other Galician rias. Chromium in
sediments correlates with Mg, which is assumed to be a tracer of particles derived from
the Ortegal complex. The levels of Cr in rivers corroborate the origin of Cr: Landoi and
Lourido tributaries that cross the Ortegal complex showed 7-48 and 5-81 nM of dis-
solved Cr exceeding largely values registered in Mera River out of this geological complex
(<0.2nM). Differences on SPM were less pronounced 0.2-0.8 and 0.2-1.3 g�kg-1 against
<0.3 g�kg-1). Accordingly, increased concentrations of Cr were found in Fucus spp.
(7-16 mg�kg-1) and similar levels in mussels (2.0-3.5 mg�kg-1) when compared to values
found in other Galician Rias. 

This work is integrated in projects CTM2007-62546-C03-01/MAR (CICYT),
2007PT0021 and FCT/CSIC9/CSIC/08.
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The Plutonium Isotopes in Aquatic Environment of Poland 
and Southern Baltic Sea

D.I. Strumińska-Parulska, B. Skwarzec
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Abstract
The principal source of plutonium radionuclides in the Baltic Sea is the atmospher-

ic fallout from nuclear weapon tests. Other sources such as releases from nuclear power
plants and the European nuclear reprocessing facilities at Sellafield and Cap de la Hague
are often considered less important. Since 26th April 1986 another source of plutonium
isotopes, that is the Chernobyl-originated radioactive debris, has had to be taken into
account. 

Experiments on plutonium sources in the Gdańsk Bay and the Gdańsk Basin indi-
cated the main source of these radionuclides is rivers (mainly the Vistula and the
Nemen) inflows which enrich these regions in 78% of its total content. 

238Pu and 239+240Pu analysis in the Vistula River water show the biggest
amounts of plutonium are transported in spring season, the lowest during summer. In
case of the Oder River the highest amounts of plutonium were observed in winter, while
the lowest in summer, similarly to the Vistula. Annualy about 22.2 MBq of 238Pu and
137.6  239+240Pu are transported to southern Baltic Sea with the Vistula, the Oder and
the Pomeranian Rivers.

Marine plants and animals are capable of accumulating radionuclides from their
surroundings. That is why we should recognise the long-term effects of radionuclides
exposure on organisms and radiological consequences of that intake by man. Present
results show higher biological availability of plutonium in trophic chain of southern
Baltic Sea ecosystem caused by accumulation in benthic organisms and its desorption
from sediments. 

The Baltic plants and animals concentrate plutonium isotopes at various extents.
The 239+240Pu concentrations in the southern Baltic organisms ranged from 0.33
mBq.kg-1 w.w. (fish) to 95.7 mBq.kg-1 w.w. (Priapulida), and respective bioconcentra-
tion factors (BCF) ranging from 100 to 27000.

The authors would like to thank the Ministry of Science and Higher Education for
the financial support under grant DS/8460-4-0176-0.
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Introduction
Among the natural substances that

man concentrates in his immediate environ-
ment, metals are the most ubiquitous. They
can be neither degraded nor metabolised;
which symbolises ultimate persistence in
the environment (Sodhi, 2002). 

Heavy metals are those metals whose
density is greater than 5.00 g/cm3. Some
heavy metals like Cu, Zn, Co, Mn and Mo
are needed by biological systems because of
their physiological roles (Eddy et al., 2006).
Others such as Se, Cd, As, Hg Pb are toxic in
all concentrations (Eddy et al., 2004). All
heavy metals when present in the environ-
ment above a particular threshold have the
capacity to endanger natural ecosystem and
public health (Alegria et al., 1990). The most
important feature that distinguishes heavy
metals from other toxic pollutants is their
non-biodegradability and the tendency to
accumulate in global ecological circle, in
which natural water serve as the main path-
way (Alan, 1993; Adekola et al., 2000). 

The common sources of heavy metal
pollution in our environment are industrial
and anthropogenic activities (Pip, 199;
1Davies et al., 2008). Studies have shown
that, many of these heavy metals have con-
taminated the soil, plant systems and drink-

ing water, which can easily be transferred to
the animals either through food chain or
during drinking of water (Ekwumemgbo,
2005). According to Eddy and Udoh (2003)
some heavy metals have their target organs
in the body and the corresponding site effect
is often accelerated towards this organ. For
example, the target organ for Pb is the brain,
the blood and the kidney.

Soil samples collected in vicinity of
Tankers Park near Warri refinery in the
Niger Delta Region of Nigeria had elevated
metal concentrations for Cd, Cr, Pb and As
when compared with the concentrations of
iron, nickel and barium in the same study. It
is established fact that a wide range of heavy
metals is found in fossil fuels which are
either emitted into the environment as parti-
cles during combustion or accumulated in
ash which may itself be transported and con-
taminate soils (Ekwumemgbo, 2005).
Qrszulik (1997) reported that the deposition
of aerosols arising largely from fossil fuel
combustion have given rise to concentra-
tions of Pb, As, Zn and Se along the South-
ern coast of Norway.

Studies have shown that adsorption is
the major pathway of metal partitioning in
aquatic environment,resulting in metal ions
accumulation in the bottom sediments 

Heavy Metals Concentrations of Water and Sediments 
in Oil Exploration Zone of Nigeria

P.A. Ekwumemgbo1, N.O. Eddy2, I.K. Omoniyi3

1Department of Chemistry, Ahmadu Bello University, Zaria, Kaduna State,
NIGERIA, pat_adamma@yahoo.com
2Department of Chemistry, Ahmadu Bello University, Zaria, Kaduna State,
NIGERIA, nabukeddy@yahoo.com
3School of Basic and Remedial Studies, Ahmadu Bello University, Funtua, Katsina
State, NIGERIA, israelflourish@yahoo.com

Abstract
Heavy metals concentrations of water and sediments in the oil exploration zone of the

Qua Iboe river estuary in Nigeria was investigated by analysing the samples for their Cd, Ni,
Pb and V concentrations using atomic absorption spectrophotometry. The results obtained
indicated that the heavy metals concentrations of the samples were below the WHO pollu-
tion limits with maximum values of 0.003 mg/l for Cd, 0.143 mg/l for Ni, 0.040 mg/l for Pb
and 0.102 mg/l for V in the water samples. Concentrations of the heavy metals in the sedi-
ment were significantly higher than the values in the water samples (P < 0.05), with posi-
tive correlation between the levels of the heavy metals in the water and the sediment, except
for Pb. However, there is tendency of elevation in the concentrations of the studied heavy
metals over a period of time, since oil exploration has the potential of increasing the concen-
trations of heavy metals in the estuary. The authors recommended the control of industrial
activities within the coastal area.

Key words: Estuary, heavy metals, water, sediments, spectrophotometry
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(Garcia- Magarraya and Sosa, 1994; Lee and
Candy, 2001; Egila and Nimyel, 2002).
Therefore, sediments serve as a very impor-
tant tracer of metal pollution in aquatic sys-
tems and also a better reservoir of heavy
metal than the water body (Elder, 1988). 

From literature, it is indicative that
heavy metals could bioaccumulate in biota
over a period of time (Ekwumemgbo, and
Audu 2006), therefore there is need for con-
sistent monitoring of heavy metal levels in
aquatic environment especially near indus-
trial areas, such as oil exploration zone,
where there lies tendency for oil spillage. 

In Nigeria industrial pollution has
been identified as a priority environmental
problem which must be halted without delay
before disastrous health and irreversible
environmental problems occur. The nation-
al guidelines and standards for environmen-
tal pollution control have been established.
This is another landmark in the history of
environmental protection efforts in our
country and indeed in Africa (FEPA, 1991).

The present study is aimed at investi-
gating the concentration of some heavy met-
als in Qua Iboe river estuary in Nigeria. The
concentrations of these heavy metals shall
be compared with existing standards. 

Materials and Methods
The studied site was the Qua Iboe river

estuary located within the oil rich Niger
Delta in the South-South geopolitical zone of
Nigeria. Five sampling stations were estab-
lished along the creek course with upper
most study site at station 1 and downstream
limit study site at station 5 creek mouth.
The sampling stations were chosen based on
ecological settings and human activities in
the area.

Water samples were collected at vari-
ous stations at a depth of 50.00 cm below the
water surface. Collection of water samples
was carried out manually using a 2.00 L plas-
tic beaker tied on a long rope. Samples were
scooped from the river and stored in 2.00 L
plastic containers until analysed. The top
20.00 cm of the bottom sediment samples
were collected from each sampling station
using the Eckman bottom sampler
(Topouoglu et al., 2002) and stored in glass
bottle until analysed. Reference samples
were collected at a station situated far from
the sites of industrial and domestic activities
(Ekwumemgbo, and Audu 2006).

The samples were later digested follow-
ing standard methods (ASTM 1990). Stock
solutions of the metals were prepared and
calibration standards prepared from the
stock solution by dilution (Chong, 1986).
Absorbance measurements of both the stan-
dards and sample solutions were read at
appropriate wavelengths using a single ele-
ment hollow cathode lamp on a Basic Pye
Unicam model 192 Atomic Absorption
Spectrometer (AAS), equipped with auto-
matic background correction. The result of
each sample was the average of ten sequen-
tial readings (Ayodele and Abubakar, 1998).
The quality assurance for the analyses was
conducted through the spiking method.

Results and Discussion
The results of the experiment show

that the water and sediment samples collect-
ed from the various sampling stations con-
tain measurable levels of Cd, Ni, Pb,and V as
presented in Table 1. The quality assurance
for the analyses conducted showed that the
mean % recovery for the analyses ranged
from 83.4 ± 0.15 to 95.5 ± 0.30.

From Table 1, it can be depicted that
the concentration of Pb ranged from 0.024 to
0.040 mg/l, Cd ranged from 0.002 to 0.003
mg/l, Ni ranged from 0.123 to 0.143 mg/l
while V ranged from 0.030 to 0.102 mg/l in
the water samples. However, the levels of all
the metals in the sediments were higher
than that in the water samples of the each
site studied. The ranking of the mean con-
centrations of metal ions in the water sam-
ples was Cd < Pb < V< Ni. The order in the
sediment samples was Cd < Pb < Ni< V.
There was no significant difference between
the amount of Pb measured in the water and
sediment, while strong significant difference
existed between the amounts of Cd, Ni and
V ions present in the sediment samples com-
pared to that in water. The correlation coef-
ficient for the relationships in the metal lev-
els of the sediments and water samples indi-
cated high correlate, except for Cd which had
a slight correlate (r = 0.5223).

The amounts of Cd, Ni, Pb, V in water
were slightly higher than the control values,
while Pb in sediment was two-fold as in the
control samples, Cd in sediment was five-
fold, Ni forty-fold and V two-fold the level in
the control sediment samples. It is signifi-
cant to note that the mean concentrations of
heavy metals in the control station were
lower than those obtained from stations 1 to 
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4 indicating that industrial and anthro-
pogenic activities might have been responsi-
ble for the slight increase in the concentra-
tion of heavy metal in the water and sedi-
ment in estuary. 

The highest concentration of Pb in
both sediment and water were recorded in
station 1 and least at station 4. Similar
trends were observed for water and sediment
concentrations of Cd, Ni and V indicating
that station 4 is less exposed to heavy met-
als. The results further indicate that the con-
centrations of the studied heavy metals in
the water are within the WHO permissible
limit.

These finding is consistent with those
reported by Ajayi and Osibanjo (1981). Sedi-
ments have been reported to form the major
repository of heavy metal in aquatic system
while both allochthonous and autochtho-
nous influences could make a concentration
of heavy metals in the water high enough to
be of ecological significance (Allison, 1997).
Several studies conducted on heavy metal
retentive capacity of sediment and water
have revealed that there is a constant
exchange of heavy metals between sediment
and water and that the concentration of
heavy metals in sediment  is often higher
because sediment acts as a sink for heavy
metals. 

Highest correlation coefficient (r) was
calculated for lead while least value of r was
calculated for Cd. The positive correlations

obtained, indicate that the increase in the
concentration of heavy metal in the sedi-
ment results to elevation of metal ion level
in the water sample in this estuary.

Generally, the concentrations of the
metals studied in all sampling sites indicate
pollution of the system, which consequently
will result in the build up of high levels in the
water body of estuary in the nearest future,
which may pose human environmental
problems if not urgently checked.

Conclusion
Concentrations of Pb, Cd, Ni and V in

the Qua Iboe river water is within permissi-
ble limits. However, there is a danger in con-
tinuous discharge of heavy metal containing
waste into the estauary. Authors recom-
mend that processes such as oil exploration,
industrial discharge of waste and even dis-
charge of domestic waste should be con-
trolled.
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Introduction
Copper in the estuarine and coastal

waters of the Koper Bay, the Northern Adri-
atic, Slovenia, originates from a variety of
sources, e.g. the industrial and waste water
discharges, river runoff and antifouling from
the ships hulls in marinas and in the port
area. It is well known that copper in natural
waters is toxic to some organisms at very low
concentrations. However, its bioavailability
and consequently, its toxicity depend on the
concentration and the strength of ligands
present (Campbell, 1995). Determination of
copper speciation parameters, i.e. copper
complexing capacity (CuCC) of natural
water has been considered as an important
parameter in estimating the real impact of
copper pollution. 

To determine copper complexing
capacity, titration of ligands with standard
addition of copper ions and measurement by
differential pulse anodic stripping voltam-
metry (DPASV) has been reported as a valid
and sensitive method. It enables detecting
the amounts of naturally occurring ligands
that form inert complexes with copper by
directly measuring free and labile fractions of
copper (Plavšić et al., 1982, Omanović et al.,
1996). The method was extensively investi-
gated by many authors (Capodaglio et al.,
1995; Locatelli and Torsi, 2001; Pesavento

et al., 2004), who addressed the specific
problems and critical analytical steps. It
resulted in improved and optimized com-
plexation titration procedure that was pro-
posed to achieve the most precise and unbi-
ased estimates of copper complexation
capacity and copper-ligand complex stability
constant (Dixon et al., 1999; Garnier et al.,
2004). In addition, the combined model-
experiment verifications, including appro-
priate data treatment and the choice of a
model to which data are fitted, provide even
more accurate interpretation of the results
and possible distinctions of different ligands
(Pižeta and Branica, 1997; Garnier et al.,
2005). Some authors suggested the CuCC be
introduced as a standard parameter for char-
acterization of natural waters. An interlabo-
ratory comparability of the methods for
determination of CuCC provided adequate
results, supporting the idea to harmonize
such measurements for routine environ-
mental monitoring (Van Veen et al., 2002).  

In this work, we examined the estuar-
ine waters of the Koper Bay in the Northern
Adriatic (Slovenia) by the proposed proce-
dure. The aim was to provide basic informa-
tion on copper speciation and to estimate the
copper complexing capacity of these waters.  

Copper Complexing Capacity as a New Parameter 
for Environmental Health Monitoring of Coastal Waters 

A.Šomen Joksić1, I. Pižeta2

1Institute of Public Health of Koper, Vojkovo nabrežje 4a, 6000 Koper, SLOVENIA,
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Abstract
Speciation of copper in the estuarine waters of the coastal area of the Northern Adriat-

ic (Slovenia) was estimated by applying differential pulse anodic stripping voltammetry
(DPASV). Total copper concentration ranged between 10 and 60 nM, while labile copper
concentration at the natural pH of the site seawater was below the detection limit of the
method applied. Two classes of organic ligands that complex with copper were identified,
one of lower concentration, i.e. 120 nM with higher conditional stability constant, logK =
8.30, and the other of higher concentration, i.e. 220 nM, with lower conditional stability
constants, logK = 7.10. Differences in speciation parameters were estimated using samples
collected during both summer and winter and at both high and low tide. The results provid-
ed evidence that copper complexing capacity in this estuary significantly changed, amount-
ing between 98 nM and 386 nM and indicating that copper speciation was fully controlled
by complexing reactions. 

Key words: copper complexation capacity, organic ligands, seawater, estuary, copper
pollution 
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Materials and Methods
The samples were collected periodical-

ly at the far edge of the Koper Bay estuary (a
planned port area). A special feature of this
locations is the diurnal changing of the salin-
ity, and possibly of other parameters, includ-
ing dissolved organic carbon (DOC) (due to
the river runoff and the sewage discharge)
that could potentially influence copper spe-
ciation. The surface samples were collected
and filtered through a 0.45 µm Sartorius cel-
lulose nitrate membrane filters into 10 dm3
polyethylene bottle, prewashed with the acid
and rinsed with deionised water. Each time
two sets of 100 ml samples were prepared,
one at natural pH and the other acidified
with suprapure hydrochloric acid to pH=2.
A Radiometer PHM 93 was used to adjust
the pH of the acidified samples. Aliquots of a
standard Cu2+ solution (J.T. Baker) were
added to both sets of the samples and left for
12 hours to equilibrate. Prior to the measure-
ments, solutions were de-aerated with extra-
pure nitrogen for 4 min. DPASV measure-
ments were performed at the room tempera-
ture, according to the procedure described
elswhere (Plavšić et al., 1982; Capodaglio et
al., 1996) using a PAR model 264 polaro-
graphic analyzer connected to a RE 0089 X-Y
recorder. A PAR 303A hanging mercury drop
electrode with an Ag/AgCl reference elec-
trode and a coiled platinum wire as counter
electrode were used.

The analyses were performed in tripli-
cate. The limit of detection was estimated
using ten replicates with a 2.5 nM standard
and ten replicates of a blank Mili Q water
(two times background variation). Other
parameters measured included the tempera-
ture, pH, salinity (or conductivity) and
DOC. 

Results and Discussion
All results were calculated for the con-

fidence interval of 95 % and reported as the
mean of three replicates and standard devia-
tion. Limit of detection was 0.8 nM. The
speciation parameters for all seawater sam-
ples were determined from the titration
curve linearization and fitting procedures
according to Ružić-van den Berg method
(Ružić, 1982; van den Berg, 1982). Figure 1
shows a typical titration curve and related
transformed plot fit to the one-ligand model.
In Figure 1a line 1 denotes the seawater sam-
ple at natural pH and line 2 denotes the acid-
ified sample. 

The effective ligand concentration, i.e.
total equivalent molar concentration, LT
and conditional stability constant, K' were
determined from the transformed plot,
shown in Figure 1b, according to the general
equation

[Cu]/(CuT - [Cu’] = [Cu’]/LT + 1/LTK’

where CuT represents the overall total
copper concentration (the amount of initial-
ly present plus that added as determined in
acidified samples), Cu' is the concentration
of dissolved copper (i.e. labile Cu concentra-
tion as determined at natural pH), LT is the
concentration of ligands present in the sam-
ple, and K' is the apparent conditional stabil-
ity constant of the complex. Assuming a 1:1
stoichiometry (one ligand system; i.e. lig-
ands having approximately similar strength)
and assuming that equilibrium was attained
after each addition, this equation predicts
the ratio of free to bound copper concentra-
tion is linearly related to the free copper con-
centration. The reciprocal value of the slope

Figure 1. DPASV titration curve for the seawater sample: a) at natural pH (line 1) and titra-
tion curve for the acidified seawater (line 2); b) transformed plot for the same seawater sam-
ple showing the fitting to one-ligand model
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of a straight line in Figure 1b determines the
LT concentration (CuCC), and the ratio of
the slope and intersection (of the y-axis at
Cu'=0) gives the conditional stability con-
stant of the complex, K'. The results calcu-
lated for all samples are summarized in
Table 1. 

Generally, higher CuCC was estimat-
ed in the summer samples (SW1), i.e.
between 294 nM and 386 nM in comparison
to those taken in the winter (samples WW2
to WW5), i.e. between 98 nM and 279 nM.
Initial copper concentrations in the (acidi-
fied) samples have been estimated between
10 and 60 nM, however, the concentration
of labile copper at the natural pH of the sam-
ples was below the limit of detection of the
method applied. It can be observed from
Table 1, that higher concentration of DOC
has been estimated in the summer (SW1).
This was presumably due to higher biologi-
cal and microbiological productivity in the
summer, which has been investigated and
confirmed by some other authors (Paoli et
al., 2006; Turk et al., 2001). In addition,
some authors reported a negative correlation
of CuCC and salinity (van Veen et al., 2001).
This was not confirmed in our study. How-
ever, it may be assumed, that diurnal cycle in
the estuary, regarding the changes of salinity
and other parameters, including a significant
influence of sewage discharge, affected the
DOC concentrations and consequently the
strength and concentrations of ligands.
Thus, it is possible and highly probable, that
different types of ligands were presented at
different time and at different concentra-
tions, having different affinity for copper. 

For SW1 sample, however, the plot of
[Cu']/(CuT - [Cu']) versus [Cu'] assumed a
curved shape, indicating the presence of
more than one ligand, Figure 2. 

In this case, non-linear fitting to the
model of two ligands and the procedure
described by Pižeta and Branica (1997) was

applied using the general expression, where
N = 2. Using this general expression, the
concentration of first class ligands was esti-
mated, LT 1 = 120±40 nM and apparent
conditional stability constant, log K'1 =
8.3±0.2, respectively, while the concentra-
tion of second class ligands, LT 2 was esti-
mated at 220±26 nM and apparent condi-
tional stability constant, log K'2 was estimat-
ed at 7.1±0.2. In the winter samples no
strong ligands have been estimated.

Figure 2. Transformed plot for the SW1 sam-
ple taken in the summer fit to two ligand
model

Conclusion
Regarding sampling in different occa-

sions different concentrations of ligands
have been estimated in the estuarine waters
of the Koper Bay (the Northern Adriatic,
Slovenia). The results of this limited study
allowed assuming that different types of lig-
ands were present and that they had a differ-
ent affinity for copper. Generally, the con-
centrations of ligands were higher in the
samples collected in summer and two class-
es of ligands were identified. First class of lig-
ands was of lower concentration and of high-
er stability constant and second class of lig-
ands was of higher concentration and of
lower stability constant. Concentration of
dissolved copper was estimated only in acid-
ified samples. At the natural pH of the 

Table 1. Characteristics and copper speciation parameters obtained in surface estuarine
water samples (Koper Bay, Slovenia)
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estuarine water, labile and free copper frac-
tions were under the detection limit of the
method. It may be concluded that copper
speciation was fully controlled by complex-
ing reactions. However, more work would be
needed and wider spectrum of ligands
strength and their concentration should be
addressed to define more precisely copper-
ligand interactions in these waters and their
dependence on other specific parameters. 

Because of the observed seasonal varia-
tions, the CuCC determination by ligand
titration with copper ions and voltammetric
measurements has been indicated as a suit-
able parameter to monitor environmental
health of this estuary. The validation of the
procedure, considering proposed analytical
steps and data treatment, in addition, would
help to evaluate the confidence that data
users (regulatory agencies) might place in
such measurements.
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Introduction
There is growing concern about health

status of marine organisms that are exposed
to environmental contaminants. Because of
its geographic location and hydrologic prop-
erties, the Baltic Sea is continuously exposed
to high anthropogenic stress (Żbikowski et
al. 2006; Hendożko et al., 2010). Baltic seals
as the final trophic link of the marine ecosys-
tem can be susceptible to effect of environ-
mental pollutants, including different forms
of mercury. This is due to (considerable)
longevity as well as a long biological half-
time of toxin elimination. From the water,
pollutants can enter an animal via its diges-
tive or respiratory system. Some of them are
excreted back into the water, others accumu-
late in muscles and organs with each new
portion of food consumed. Mercury concen-
tration in fish, birds or sea mammals can be
ten thousands higher than in the aquatic
environment they live (Burg von R and
Greenwood, 1991; Rand, 1995). 

The discharge of pollutants into the
environment changes the chemical makeup of

an ecosystem and upsets its biological equilib-
rium. These changes act as a stressor impair-
ing the proper functioning of living organisms
(Kabata-Pendias and Pendias, 1999).

The aim of this project is to study vari-
ations in mercury concentrations in grey and
ringed seals from different geographical
areas (north, central and south Baltic). 

Materials and methods
The material was divided into 10

groups representing various species, areas,
age classes and both sexes. 

The samples were obtained mostly
from Environmental Specimen Bank (ESB)
of The Swedish Museum of Natural History
which has a large collection of internal
organs from grey and ringed seals collected
by the Coast Guard, local fishermen,
hunters or others. Nine seals were provided
by Hel Marine Station, Institute of Oceanog-
raphy of University of Gdansk (Poland).
Most of the seals sent were shot or drowned
in fishing gear. In the present study a total of
112 seals (72 grey seals and 40 ringed seals),

Mercury Concentrations in Marine Biota 
with Special Focus on Grey and Ringed Seals

G. Bajger1, A. Roos2, P. Konieczka1, I. Pawliczka3, K.E. Skóra3, 

F. Rigét4, J. Namieśnik1

1Department of Analytical Chemistry, Chemical Faculty, Gdansk University of Technology,
Gabriela Narutowicza 11/12, 80-233 GDAŃSK (Poland), gabrielabajger@interia.pl
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PO Box 50007, SE 104 05, STOCKHOLM (Sweden)
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Abstract
Marine organisms are exposed and sensitive to effects of environmental contamina-

tion by heavy metals including different forms of mercury. Baltic seals as the top predators
of the marine ecosystem are even more endangered due to (considerable) longevity as well as
a long biological half-time of toxin elimination. The concentrations of mercury in seals from
the Baltic is poorly known, thus the aim of this work is to determine and compare concen-
trations of mercury in two seal species - grey and ringed seal as well as their feed. The sam-
ples were obtained from Environmental Specimen Bank of The Swedish Museum of Natur-
al History, which has a unique -and large- collection of internal organs from grey and ringed
seals. The project is focused on seals from three areas of the Baltic Sea (northern, central and
southern part of Baltic) and from Greenland that were by caught or shot in 2008-2010. Mer-
cury levels were determined in 208 samples of liver and kidney from juvenile and adult grey
and ringed seals and their feed by cold vapor atomic absorption spectrometry (CV-AAS). On
the basis of obtained results possible species and regional differences in mercury concentra-
tions will be discussed.

Key words: mercury, grey seal, ringed seal, atomic absorption spectrometry
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collected between 2008-2010 were analyzed for
total mercury.

Preliminary investigations were per-
formed on 9 seals from south Baltic. Character-
ization of seals is shown in table 1.

Homogenized samples of muscle, kidney
and liver were directly weighed (30-60 ± 0.1 mg)
into pre-cleaned combustion boats and auto-

matically inserted into the direct mercury ana-
lyzer MA-2000 system (NIC - Japan). Samples
were thermally decomposed at 800oC under
clean air flow. Total mercury content was deter-
mined by cold-vapor AAS technique at 253.7
nm wavelength. For each sample 3 independent
replicates have been done.

Table 2. Validation parameters determined for method used for determination of Hg con-
tent in biological samples

Table 1. Characterization of grey (Halichoerus grypus - Hg) and ringed (Phoca hispida - Ph)
seals which internal organs (muscle, kidney and liver) were analyzed for total mercury.
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Prior to analysis the validation parame-
ters of the method (linearity, repeatability,
LOD, LOQ, range, trueness, accuracy and
uncertainty) have been determined. Quality
control was assured by analyses of certified ref-
erence materials: DORM-2 (National
Research Council, Canda), BCR-463 and
ERM-CE278 (IRMM, Belgium).

Results
The validation parameters calculated for

the method used for determination of Hg con-
tent in biological samples are presented in
table 2.

Such parameters as LOD and LOQ could
be recalculated on MLD (method detection
limit) and MLQ (metod quantification limit)
using appropriate sample mass and expressed
in concentration unit (eg. µg�g-1).

Mercury concentration in seals' tissues
were in the range: muscle (0.06-2.45 µg�g-1
wet wt), kidney (0.21-7.,14 µg�g-1 wet wt) and
liver (0.37-39.73 µg�g-1 wet wt).

The highest mercury concentration were
found in liver of adults female (39 ?g�g-1 wet
wt) and male (40 µg�g-1 wet wt) which were
found dead at the beach in Hel and near to the
peninsula Westerplatte, Poland (fig. 1).

Discussion
Presented results are the first part of

project which aims to evaluate contamination
status of Baltic seals with mercury and other
metals depending on different areas, species,
age group and sexes. Further analyses of mate-

rial need to be perform in order to compare
obtained results with samples from other
areas of Baltic between two seal species, grey
and ringed seal.
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Abstract

The Alboran Sea located at the west side of the Mediterranean Sea is the only con-
nection between the Mediterranean Sea and the Atlantic Ocean. The intense transporta-
tion of radioactive wastes and the traffic of nuclear submarines in this Sea resulted in its
contamination with actinides, including uranium. The present work describes the
molecular scale speciation of uranium associated with Idiomarina loihiensis MAH1, a
bacterium isolated from Alboran Sea [2] using a multidisciplinary approach combining
spectroscopic (X-ray Absorption Spectroscopy, XAS; Time-Resolve Laser-Induced Fluo-
rescence Spectroscopy, TRLFS) and microscopic (High Resolution Electron Microscopy,
HREM) techniques. These speciation studies were performed using two type of back-
ground electrolyte, NaClO4 0.1 M and seawater. 

The results showed that the speciation of uranium associated with the cells of the
strain MAH1 is highly dependent on type of background electrolyte used. In the NaClO4
system, EXAFS spectroscopy indicated that U is coordinated to carboxyl groups in biden-
date binding mode and to phosphate groups in a mondendate fashion mode. These
results are supported by TRLFS studies which determined the fluorescence properties of
the uranium complexes formed by the cells. The U accumulates were localized within
the EPS and at the cell wall as was demonstrated by HRTEM analysis. However, in sea-
water and at uranium concentration of 5x10-4 M (environmentally relevant concentra-
tion), TRLFS analysis indicated that the marine bacterium precipitates this radionuclide
as uranium carbonate mineral phases, and the implication of other uranium bacterial
species including organic/inorganic phosphate uranium complexes is not excluded.
HRTEM studies demonstrated that these U/bacterial species were located mainly at the
cell wall. 

The results obtained in this work give new insights in the implication of marine
bacteria in the geomicrobial processes (e.g. biomineralization of uranium) in marine
environments as well as on the role of these bacteria on the transport and mobility of
radionuclides in these natural habitats. 

[1]Perianez, R. J. Environ. Radioact. 90, 48-67 (2006).
[2]Gonzalez-Mu?oz M.T., De Linares, C., Martínez-Ruiz, F., Morcillo, F., Martín-

Ramos, D., Arias, J.M. Chemosphere 72, 465-472 (2008).



59515th ICHMET

HEAVY METALS IN THE MARINE ENVIRONMENT

Introduction
The dredging of port basins is a very

common practice, i.e. annually in Europe
about 200 mln m3 is dredged out of port chan-
nels in order to keep the ports accessible and to
ensure safety of navigation (Bray, 2008).

The EU Directive on waste manage-
ment (2006/12/EC) indicates that it is most
important firstly to reduce the amount of
produced waste, and secondly to use effec-
tively the spoil, and only the remaining vol-
ume of waste may be stored. A large part of
the spoil is stil stored at sea in specially des-
ignated dumping sites. This is mainly due to
economic considerations (storage of so large
amounts of spoil at sea is much cheaper than
its neutralisation or storage on land).

Nevertheless, we should be conscious
of the negative impacts of the process. Con-
ditions during dredging of the sediments
from port channels and during their dump-
ing at sea (in designated dumping sites) are
very dynamic and facilitate freeing of some
of the contaminants. The sediments are first
extracted from the bottom with a scoop,
then placed in a dump barge, transported to
the dumping site, and finally dumped at the
site (Bray, 2008). During these operations
the spoil is oxygenated, mixed and washed

(it passes two times through the water layer:
once during dredging and the second time
during the dumping). There is also a change
in salinity (as a rule, salinity at the dumping
site at sea, is higher than in port channels,
which in most cases are located in river outlets).

These processes may cause distur-
bances of the natural flora and fauna, and
they may also contaminate the dumping site
area. Incorrect location of the dumping site
can negatively impact fishing, recreation and
navigation.

Among the many contaminants,
occurring in the sediments, special attention
should be given to the metals. They do not
decompose, and in spite of temporary immo-
bilisation in the sediment, they remain a
potential threat to biological life in a water
basin, because in favourable conditions they
can be freed into the water column and pen-
etrate into trophic chain of the ecosystem
and in effect the metals once more start to
circulate in the environment.

The aim of the work was to investigate
the influence of processes occurring during
deposition of port sediments in dump sites
on the bonding of metals in the sediment.

The Influence of Processes Occurring during Deposition of Port Sediments
in the Gulf of Gdansk on the Way of Metals Bounding in the Sediments

G. Dembska1, M. Bogdaniuk, Ł. Zegarowski, G. Sapota, 
S. Wiśniewski, A. Flasińska, B. Aftanas

Maritime Institute in Gdańsk, Department of Environmental Protection, 
ul. Dlugi Targ 41/42 80-830 Gdańsk, POLAND, 1grazyna.dembska@im.gda.pl

Abstract
The aim of the work was to investigate the influence of processes occurring during dep-

osition of port sediments in dump sites on the bonding of metals in the sediment. About
toxicity of polluted sediments are deciding not only concentration of macro- and micro- ele-
ments but, also the chemical form in which they exist. This form has considerable influence
on their assimilation of different trophic levels (including human). The results of the carried
out investigations indicated that the concentration of the trace metals ware decreasing in
sediments deposited on the dumping sites. Grain size analysis demonstrated a significant
decrease of clay fraction in sediments from  dumping site by comparison with the deposit-
ing sediments. The sequential analysis proved that the percentage of the particular forms of
the metals (especially Pb and Cd) was changing in the sediments deposited in the dumping
site. The changes of salinity, mechanical mixing during excavation, oxygen concentration
may result in freeing the labile forms into the water column, especially the exchangeable and
carbonate forms, which are loosely connected with the sediment, and these conditions may
be sufficient to free these forms. 

Keywords: trace metals, sequence analysis, dumping grounds, chemical pollutions,
port sediments
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Materials and methods
There are two dump sites for dumping

dredged spoil in the Gulf of Gdansk region:
the Gdynia Dump Site and the Gdansk
Dump Site. The Gdansk Dump Site is a cir-
cle of 5 cable (926.1 m) radius and centre in
position 54o 30,0' N  018o50,0' E. 

The investigated material were sedi-
ment samples taken from the Gdansk Dump
Site in 2005. At each point a 1.6-2.8 long
core was taken by the research vessel "Dr
Lubecki" with the use of a 10 cm diameter
vibration probe. 

The cores were cut into segments in
which the following were determined: densi-
ty, grain size, loss at roastin. 49 samples of
sediments from the segments of the investi-
gated cores were selected for chemical analy-
sis. In each core, the surface layer (between
depth 0 and 10 cm) was separates. The sepa-
ration of the next segments was based on the
macroscopic description of the cores. After
averaging each of the obtained segments, the
below 2 mm fraction was separated and
chemically analysed. 

The total metal content (Pb, Cu, Zn,
Ni, Cd, Cr, As, Fe, Li, Al) after mineralisa-
tion in concentrated acids (Loring and Ran-
tal, 1992), and labile form (Pb, Cu, Zn, Ni,
Cd, Cr, As, Hg) after extraction with 1M
HCl (Luoma and Bryan, 1981) were deter-
mined in the prepared samples. In selected
samples, sequential analysis of the men-
tioned above metals was carried out using
the Tessier method (Tessier et al, 1979).

The metals, except mercury, were
determined using optic emission spectrome-
try with inductively excitated plasma (ICP-
OES) on an PERKIN-ELMER OPTIMA
2000DV spectrometer. Mercury was deter-
mined by atomic absorption spectrometry
(AAS), using the cold vapour method (CV),

on a SpektAA 250 PLUS spectrometer with a
VRIAN VGA-77 attachment.

The determined detection limits (DL)
are as follows:  For ICP-OES: Zn-0.05; Ni-
0.05; Cr-0.05; Cd-0.01; Cu-0.05; Pb-0.05,
As-0.25 mg/kg s.m. - For AAS- CV:  Hg-
0.002 mg/kg s.m. The limit of determina-
tion (LOD) is: LOD=5xDL. 

The correctness of the analyses was
checked by analysing, in parallel with the
tested samples, the certified reference mate-
rials PACS-2 (Canadian port bottom sedi-
ment - National Research Council Canada)
and SEDIMNT-31 (Dutch port bottom sedi-
ment - obtained by inter-lab comparisons
organised by the Wageningen University, in
which the Laboratory of the Maritime Insti-
tute systematically participates). The satis-
factory results of analysis of both materials
were obtained (recovery of the metals was
between 82 and 98%).

Results and discussion
The investigations showed that the

analysed sediments from the Gdansk Dump
Site consist of medium sand with small addi-
tion of organic matter (maximum loss at
roasting was 4%). The grain size analysis
showed that most of the sediment was with-
in the 0.50-0.25 mm and 1.0-0,50 mm frac-
tions. The rest of the fractions occurred in
small amounts. The grain size distribution
was similar to the result obtained in 2002 for
the same area (Dembska et al, 2004). How-
ever, this distribution is significantly differ-
ent from the grain size distribution for the
Port of Gdansk sediments, which are mainly
deposited on the Gdansk Dumping Site.
About 80 000 m3 of spoil from the Gdansk
port channels was deposited in the period
2000 - 2005 on the Gdansk Dump Site
(Łunkiewicz, 2008). According to earlier

Figure 1. Percentage of grain size distribution in slices of sediments from: a) the Gdansk
Port and b) the damping  site Gdansk 

a) b)
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investigations, deposits from the Port of
Gdansk are characterised by highest percent-
ages of the 0.50 - 0.25 mm and 0.25 - 0.125
mm fractions (Dembska, 2003) - fig.1. This
difference may be due to the significantly
longer fall time of the fines grained than of
the thick grained fractions during the dump-
ing, and in effect the fine fractions can be
transported by currents and derposited some
distance from the location of the dumping
operation.

The deposited from the dumping site
were characterised by a low total content of
the investigated metals and by low concen-
trations of the labile form - fig.2. In all sam-
ples values were below the permited levels
(Ordinance of the Ministry of Environment
of April 16, 2002: Pb - 200 mg/kg d.m., Cu -
150 mg/kg d.m., Cd - 7,5 mg/kg d.m., Zn-
1000 mg/kg d.m., Ni - 75 mg/kg d.m., Cr -
200 mg/kg d.m., As - 30 mg/kg d.m., Hg -
1 mg/kg d.m.) 

Analysis of the horizontal distribution
of concentrations indicated that the highest
concentration of both the total and labile
form content of the investigated metals
occurred in samples taken from the centre of
the dump site GDA - 4 (1502). Metal con-
centrations in the rest of the cores were sig-
nificantly lower, and practically did not differ
from the typical metal content in sandy sed-
iments of the Southern Baltic (Szczepańska
and Uścinowicz, 1994). 

Sequential analysis showed that in the 
sediment from the Gdansk Dumping

Site Pb occurred mainly bonded with alumi-
nosilicates (about 70%). 19% were bonded
with organic matter, 3% with Fe and Mn
oxides and 3% with carbonates. When these

results were compared with the results of
sequential analysis for lead in port sedi-
ments, a large decrease of Form II, i.e. bond-
ing with carbonates, becomes visible (from
45% in the prort sediments to 3% in the
dumping site sediments) - fig.3.

Sequential analysis of port sediments
showed that Cd was permanently bonded in
about 40% with aluminosilicates. Among
the labile forms, the largest percentage was
of Form III (oxides of Fe and Mn) - 30% and
Form IV (organic matter) - 20%. Also several
percent of exchangeable form and of the
bonded with carbonates form were found. In
the case of sediments from the dumping site,
the total of labile forms of  Cd decreased to
2.5%.

In the case of the rest of the elements,
in spite of the decrease of concentration of
the total metal content, no significant
change in the percentage of the bonded with
aluminosilicates form was observed.

A similar way of bonding metals (Cu,
Cr, Zn) in marine sediments (at river out-
lets) was observed by Parkman et al, 1996;
Caplat et al, 2005. On the other hand, for
these elements (Cu, Cr, Zn, Ni) a marked
decrease of participation of the bonded with
carbonates form and of the exchangeable
form and a significant increase of the organ-
ic matter bonded form was observed in the
deposited sediments from the dumping site.

Obtained data suggest that during
dumping labile forms of these elements (espe-
cially forms I and II) may have passed into the
water column. (Fergusson, 1990; Zuomis et
al, 2001; Mukherjee D. et al, 2009).

Figure 2. Content of labile metal forms  [mg/kg s.m.] in sediments from the Gdansk dumping site
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Conclusions
The following was found in result of

the carried out investigations:
- Concentrations of metals in sedi-

ments deposited on dumping sites are lower
than in port sediments before dumping.

- Grain size analysis indicated a signif-
icant decrease of clay fractions in dumping
site sediments by comparison with the sedi-
ments before dumping. This may be caused
by water current transport of fine grained
fractions, which fall to the bottom much
slower than the thick grained fractions, and
their deposition at a distance from the
dumping site.

- Sequential analysis proved that the
percentage of the particular forms of the
metals (especially Pb and Cd) changes in the
sediments deposited in the dumping site.
Changes of salinity, mechanical mixing dur-
ing excavation, oxygenation may result in
freeing the labile forms into the water col-
umn, especially the exchangeable and car-
bonate forms, which are loosely connected
with the sediment, and these conditions
may be sufficient to free these forms. 

References
Bray R.N., 2008. Environmental

Aspects of Dredging, Taylor & Francis
Group/Balkema, Leiden, Netherlands.

Caplat C., Texier H., Barillier D.,
Lelievre C.,2005, Heavy metals mobility in
harbour contaminated sediments: The case
of Port-en-Bessin, Marine Pollution Bul-
letin, vol. 50, 5, 504-511. 

Dembska G., Grynkiewicz M.,
Wiśniewski S.,  Aftanas B., 2004. Phisical
and  chemical investigation of the state of
the Gdańsk dumping ground as a site for dis-
posing sea - area dredged spoils, Protection of
air and waste problems, vol. 38, nr 1. 

Directive 2006/12/EC of the European  
Parliament and of the Council of 5 April
2006, on waste.

Fergusson J., 1990. The heavy metals
chemistry, environmental impact and
health effects, Pergamon Press: 143- 429.

Loring, D.H., Rantala, R.T.T., 1992.
Manual for the geochemical analysis of
marine sediments and suspended particulate
matter, Earth Sci. Rev. 32, 235-283.

Luoma, S.N., Bryan, G.W., 1981. A
statistical assessment of the forms of trace
metals in oxidized estuarine sediments
employing chemical extractants, Sci. Total.
Environ., 17,  165-196.

Łunkiewicz S., 2008. Papers of  Mar-
itime Office in Gdynia (in Polish).

Mukherjee D., Mukherjee A., Kumar
B., 2009, Chemical fractionation of metals
in freshly deposited marine estuarine sedi-
ments of sundarban ecosystem, India, Envi-
ron. Geol., 58, 1757 -1767.

Ordinance of the Minister of Environ-
ment of 16.04.2002. On the kind and con-
centration of substances which cause that
dredging spoil is contaminated - Dz.U. Nr
55, poz. 498.(in Polish).

Parkman R.H., Curtis C.D.,  Vaughan
D.J., 1996. Metal fixation and mobilization  in
tha sediments of the Afon Goch Estuary - Dulas
Bay, Anglesy, Appl.Geochem.11:203-210.

Szczepańska T., Uścinowicz Sz., 1994,
Geochemical atlas of the southern Baltic,
The State Scientific Publishing, Warszawa.

Tessier, A., Campbell, P.G.C., Bisson,
M., 1979. Sequential Extraction Procedure
for the Speciation of Particulate Trace
Metals. Anal. Chem. 51, 844-851.

Zuomi T., Schmidt A., Calmano L.G.  
Calmano W., 2001, Contaminants in sedi-
ments: remobilisation and demobilization,
The Science of The Total Environment, vol.
266, 195-202.

Figure 3. Percentage of metal  forms (Pb) in bottom sediments of the Gdańsk Port (a)  and
Gdansk dumping site (b); Form I - exchangeable, Form II -bonded with carbonates, Form III
- bonded with hydrated oxides of Fe and Mn, Form IV - bonded with organic matter, Form V
- bonded with aluminosilicates

a) b)



98 15th ICHMET

WASTEWATER TREATMENT

Bacterial Cells as Biosorbents for Heavy Metals

I. Shevchuk, N. Klymenko

Department of Sorption and Biological Purification of Water, A.V. Dumanskii Insti-
tute of Colloid and Water Chemistry, National Academy of Sciences of Ukraine, 42
Vernadsky Av., KYIV-142, 03680 (Ukraine)

The heavy metal and radionuclide contaminations of environment are the most dan-
gerous types of pollution. The treatment of low charge effluents, conciliating economic and
technical constraints is impossible with traditional physics-chemical processes. It has been
suggested that biomass could be used to decontaminate these wastes and to concentrate
metals [1]. Biological methods of removal of heavy metals and radionuclides are the most
ecologically appropriate techniques. Besides the advantages of microbial treatment are: self-
reproducibility, adaptability, recyclisation of bioproducts, specificity, and good cost/benefit
ratio [2].

This study focuses on removal of such metals as uranium and stable strontium by bio-
mass from mine and other wastewater. As biosorbent was used exopolysaccharide produc-
ing bacterium, Bacillus polymyxa. 

The main characteristics of the process of sorption were determined. The rate and
extent of U(VI) and Sr uptake were subject to such parameters, as biosorbent properties, pH,
concentration of radionuclides, interference by certain cations. It is shown, the pH plays an
important role in biosorption phenomena: an optimal range of pH for uranium sorption is
4.0-6.0, for Sr - 4.0-8.0. The experimental data showed that both processes of uranium and
strontium sorption by B. polymyxa can be described well by the Langmuir isotherm with
qmax = 1000 µmol/g, k = 11.11 and qmax = 435 µmol/g, k = 3.3, respectively. In order to
investigate the biosorption mechanism, characteristic constants of biosorption were deter-
mined using a pseudo-first-order equation of Lagergren [3] and a pseudo-second-order equa-
tion (Ho equation) [4]. It is shown that the pseudo-second-order model fits better the
biosorption kinetics of metal ions by B. polymyxa than the pseudo-first-order one. This sug-
gests that the rate-limiting step of this sorption system may be chemical sorption or
chemisorption involving valency forces through sharing or exchange of electrons between
sorbent and sorbate [4]. Effect of mono- and divalent cations on metals biosorption process-
es was studied. A number of displacing agents have been tested for their ability to release
bound U(VI) and Sr ions from cells of B. polymyxa. The most effective displacing agents for
strontium are HCl, MgCl2 and CaCl2, for uranium - Na2CO3. 

Although the application of biological approaches to treat metal contamination has
been slow, tighter environmental legislation in combination with the inherent limitations
of existing chemical approaches will surely mean that microorganisms will play a very sig-
nificant role in controlling metal contamination in XXI century.

[1] Kratochvil, D. and Volesky, B., Trends Biotechnol. 16 (7), 291-300 (1998).
[2] Gazso, L.G., Cejoem 7 (3-4), 178-185 (2001).
[3] Liu, Y. and Liu, Y.-J., Separation and Purification Technology 61, 229-242 (2008).
[4] Ho, Y.S. and McKay, G., Process Biochem. 34, 451-465 (1999).
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Abstract
The essence of radiotoxicity of phosphogypsum waste heap is not only gamma

radiotoxicity, but very important are natural radioactive elements, which are in phospho-
gypsum and which as a result of the processes of emitting dust, leaching by rain, and bioac-
cumulation in plant and animal organisms reach the human organism. In longer time they
can cause cancer. The treatment of phosphate rocks is a source of the natural increase of
radiotoxicity. The radionuclides of uranium (234U, 235U, 238U), thorium (232Th) and
existing in the equilibrium with radionuclides of radium (226Ra, 228Ra) polonium (210Po)
and lead (210Pb) almost always exist in sedimentary phosphoric rocks. 

The objective of this study was determination of uranium and polonium concentra-
tion in plants samples from area around the phosphogypsum waste dump in Wislinka. The
results revealed that the concentrations of 210Po, 234U and 238U in the analyzed plants
were differentiated. The considerable amounts of polonium and uranium isotopes were
found in common wheat (Triticum aestivum) samples. The comparability polonium and
uranium content was confirmed in bedders, but higher accumulation was determined in
ripe species than immature species of vegetables. The higher polonium and uranium con-
centration was noticed in green part of plant, the lower in root of plants. It is suggest that the
transfer of the radionuclide via the root system is rather negligible. Therefore, the significant
source of polonium and uranium in plants are wet and dry atmospheric falls gathering the
soil and air dust from phosphogypsum waste dump. The atmospheric origin polonium con-
tent depends not only on falling velocity from the atmosphere, but also on the age of leaves
and their surface area. Polonium and uranium concentration in cultivated plants samples
wasn´t species diverse. 

Metals which play the role of microelements in living organisms, usually occur in trace
amounts, strictly defined for specific species. Metals deficiency as well as excess can be
harmful for living organisms.

The aim of this work was also to determine the amount of chosen heavy metals (Cd,
Pb, Cu, Fe, Zn, Ni) and the examination of their accumulation process in the particular
plant organs. The plants chosen for the research were already mentioned meadow plants,
energy willow as well as cultivated plants (wheat, carrot, parsley, leek, beetroot, lettuce,
onion). In the research we used the Atomic Absorption Spectrometry technique (AAS) and
the Atomic Emission Spectrometry (ICP-AES).

The authors would like to thank the Ministry of Science and Higher Education for the
financial support under grant DS/8460-4-0176-0.



59915th ICHMET

HEAVY METALS IN THE MARINE ENVIRONMENT

Introduction
A hypothesis that copper concentra-

tions present in the waters around fish farms
would damage phytoplankton was tested
with a dose response experiment. Damage
would be evident from reduced capacity for
growth and changes in community structure
or through death. The experiment chal-
lenged natural communities of phytoplank-
ton cells with increasing copper concentra-
tions. Endpoints studied included changes in
community structure, the assimilation of
carbon and nitrogen and photosynthesis.
This experiment was conducted on three dif-
ferent occasions in the late summer 2008
(August 5th, August 18th, and September
19th) henceforth referred to as Experiments
1, 2, and 3. These dates covered the late
summer period when cell numbers were
expected to be high.  

Materials and Methods
North Sea water and phytoplankton

were collected from a location (56° 57.8' N

02° 06.2'W) approximately 5 km from
Stonehaven, Scotland. The depth at which
light intensity was reduced to 20% of surface
irradiance was determined by Secchi disk.
This depth was approximately 8 m from the
surface depending on the level of cloud cover
on the sampling day. Approximately 100
litres of sea water was pumped into 10 l poly-
carbonate carboys (Nalgene) covered with
insulation and light-tight black fabric bags.  

In a cold room set to ambient sea tem-
perature (13° C) the water was poured into a
100 l water butt within 3 hours of collection.
The room was illuminated by fluorescent
ceiling lights covered in red lighting gel to
prevent photosynthetic activity in the phyto-
plankton cells during preparation.  Nalgene
bottles were filled with water (2.4 l) filtered
through a 200-µm nylon mesh (to remove
larger herbivorous zooplankton).  Sixteen of
the bottles had 13C sodium bicarbonate
added to final concentrations of 488 µM
sodium bicarbonate.  Sixteen had 15N sodi-
um nitrate added to a final concentration of

Impact of Copper on Marine Phytoplankton

K. Rodgers1, C.D. Robinson2, I.M. Davies3, D.B. Standing4, G.I. Paton5

1Institute of Biological and Environmental Science, University of Aberdeen, Cruick-
shank Building, Aberdeen, AB243UU, UK and Marine Scotland, Marine Laboratory,
375 Victoria Road, Aberdeen, AB119DB, UK, k.rodgers@abdn.ac.uk   
2Marine Scotland, Marine Laboratory, 375 Victoria Road, Aberdeen, AB119DB, UK
c.robinson@marlab.ac.uk 
3Marine Scotland, Marine Laboratory, 375 Victoria Road, Aberdeen, AB119DB, UK
i.m.davies@marlab.ac.uk 
4Institute of Biological and Environmental Science, University of Aberdeen, Cruick-
shank Building, Aberdeen, AB243UU, UK d.standing@abdn.ac.uk 
5Institute of Biological and Environmental Science, University of Aberdeen, Cruick-
shank Building, Aberdeen, AB243UU, UK g.i.paton@abdn.ac.uk 

Abstract
Copper is widely used in the marine fish farm industry as an antifoulant due to its tox-

icity to fouling organisms such as algae and molluscs. However, when copper leaches from
antifouling paint into surrounding water, there is concern about its impact on non-target
organisms, e.g. phytoplankton.  A dose-response experiment (0, 5, 10, 40 and 80 µg l-1 cop-
per) was conducted to assess the impact of copper on phytoplankton C and N uptake using
13C and 15N stable isotopes. Community diversity in the different copper treatments was
assessed using Shannon-Wiener H' and Simpson's 1/D diversity indices. Nominal total cop-
per concentrations of 5 µg l-1 (the EU Environmental Quality Standard) significantly
reduced the uptake of 13C by of phytoplankton (p<0.01) but had no significant impact on
the uptake of 15N. Copper concentrations between 10 - 40 µg l-1 significantly (p<0.01)
decreased the diversity of phytoplankton genera but not overall numbers.  Under laboratory
conditions copper may cause reductions in phytoplankton diversity and productivity How-
ever, limited bioavailability, due to low concentrations of labile compared to total copper in
the marine fish farm environment, may reduce exposure and the toxic effect.

Key words: Copper, phytoplankton, stable isotopes, photosynthesis, fish farm
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0.04 µM sodium nitrate. Copper sulphate
was added to the bottles to produce triplicate
copper concentrations of control, 5, 10, 40,
or 80 µg l-1 in triplicate. One bottle contain-
ing sodium bicarbonate and one containing
sodium nitrate were covered in black tape to
serve as dark no-photosynthesis controls.

Photosynthesis and nutrient uptake
took place in custom-made incubation units
over 24 hours under natural daylight illumi-
nation. Incubation units consisted of clear
Perspex rectangular boxes with a Perspex
central shelf unit to which the 2.4 l clear
polycarbonate incubating bottles were
attached. The central unit was rotated slow-
ly around the long axis by a DC motor at
2 rpm to keep material in the incubation
bottles suspended.  Circulating sea water
from a chilled supply maintained the tem-
perature as near to ambient in the sea as pos-
sible (13° C). The outside walls and lids of
the incubating tanks were covered in lighting
filters to achieve a light level and spectral
composition equivalent to the 20% light
intensity from which the
phytoplankton/seawater was collected. 

After 24 hours, 500 ml of each incubat-
ed sample was filtered onto a 25mm glass
fibre filter (nominal pore size 0.7 µm) under
gentle vacuum.  Filters with particulates
were stored in a freezer (-20° C) for subse-
quent stable isotope analysis. For communi-
ty analysis one 500 ml sample from each
copper concentration was set aside in a dark
plastic bottle containing 2 ml of Lugol's
iodine solution stored in a cold room at 5-
6° C. A 1 l sample of water from each treat-
ment was filtered through a 47 mm GF/F for
fluorometric estimation of chlorophyll a and
pheophytin concentrations. 

Stable isotope sample filters were fold-
ed into clean tin cups (12mm height, 5 mm
diameter) oven dried at 60 ° C for 24 hours
and stored in a desiccator until analysis.
The 15N and 13C composition of the sam-
ples was determined using an Integra CN
Isotope Ratio Mass Spectrometer (Sercon
Ltd, Crewe, UK). The analytical precision of
the instrument (data from manufacturer) is
0.3 ‰ for 15N and 0.2 ‰ for 13C. Samples
together with a laboratory reference material
and blank samples were analysed in an auto-
mated sequential procedure. 

Phytoplankton composition was
assessed in all samples using standard Uter-
möhl methods. Cells were counted on an
inverted microscope at 200-x magnification.

For the genera of Asterionella, Rhizosolenia,
Gyro/pleurosigma, and Raphoneis, cells
were classified as living or dead. Dead cells
had the same external shape as living cells
but lacked internal material such as chloro-
plasts (Fig. 1). Community analysis was con-
ducted only on surviving cells.  Two diversity
indices (Shannon-Weiner index and the
Simpson's Index) were employed. 

Figure 1. Photographs (40 x magnification)
of a) dead and b) living Gyro/pleurosigma
cells.  

Results and Discussion
All tested Cu concentrations caused

some decrease in 13C uptake by phytoplank-
ton cells. At the Scottish EQS (Environmen-
tal Quality Standard; 5 µg l-1) there was a
34 % reduction in 13C uptake compared to
controls.  Cells exposed to copper concentra-
tions of 10 - 40 µg l-1 showed further
decrease in 13C uptake. Those exposed to 40
µg l-1 took up 33% of the 13C of those
exposed to 10 µg l-1. Overall, there was a sig-
nificant negative relationship between cop-
per concentrations in water and uptake of
13C by phytoplankton in all three experi-
ments (p = 0.01; Figure 2).  

Figure 2. Mean uptake of 13C sodium bicar-
bonate by a natural community of phyto-
plankton exposed to increasing concentra-
tions of copper over 24 h (n=9). Error bars
represent one standard error of the mean. 
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At the 5 µg l-1 EQS there was a 57% ±
10% (s.e.) reduction in 15N uptake com-
pared to controls (Figure 3). Due to large
variation in 15N uptake over the three itera-
tions of the experiment, however, this drop
was not statistically significant. 

Figure 3. Mean uptake of 15N by phyto-
plankton cells exposed to increasing concen-
trations of copper over 24 h (n = 9). Error
bars represent one standard error of the
mean. 

The overall abundance of cells was not
influenced by copper concentration. Abun-
dance differed between experiments. Even-
ness was measured by dividing the numbers
of cells in the most abundant genus by the
total number of cells. Evenness showed a sig-
nificant increase with increasing concentra-
tions of copper (p = 0.028). Both the Shan-
non-Weiner and Simpson's diversity indices
showed a decrease in diversity with increas-
ing copper concentrations. Exceptions were
the 80 µg l-1 treatment for Experiment 2 and
the 5 µg l-1 treatment for Experiment 3.

The only groups of phytoplankton to
show significant response to increasing cop-
per concentrations were ciliates and
Gyro/pleurosigma. This group includes
Gyrosigma and Pleurosigma, organisms that
cannot be differentiated by viewing through
a microscope. There was a significant
decrease in the number of Gyro/pleurosigma
cells (p = 0.05) and ciliate cells (p = 0.03)
with increasing copper concentrations (Fig.
4). There was also a significant increase in
percentages of dead Gyro/pleurosigma cells
with increasing copper concentrations
(r=0.63; p=0.01). Gyro/pleurosigma cells
represented 6.3 ± 1.1 % of phytoplankton
cells.  Ciliates represented 0.22 ± 0.06 % of
phytoplankton cells. Due to the low percent-

ages represented by these groups, overall
abundance was not affected.

Figure 4. Mean number of Gyro/pleurosig-
ma and ciliate cells l-1 in seawater contain-
ing different concentrations of copper for a
period of 24 hours (n=3). Error bars repre-
sent one standard error of the mean.

Discussion
These experimental results indicate

that copper concentrations from antifouling
paint that meet or exceed the Scottish EQS
are likely to damage phytoplankton's capaci-
ty for photosynthesis. The 13C assay
showed an impact of copper on phytoplank-
ton, through reduction in 13C uptake, sug-
gesting a reduction in photosynthetic activi-
ty. The effects of reduced primary produc-
tion are likely to be propagated through the
marine food web in an affected region.
These results suggest that the Scottish EQS
may not be completely protective.  

Little research has been conducted on
the impact of copper on nitrogen uptake by
phytoplankton. Other factors have been
shown to limit the uptake of nitrate by phy-
toplankton cells, however. Reduced light and
increased ammonium resulted in reduced
nitrate uptake by cells of Skeletonema costa-
tum (Bates, 1976) as ammonium is preferen-
tially taken up. In an experiment on phyto-
plankton Wang and Dei (2001) measured an
increase in metal (Cd, Se and Zn) uptake
with increased nitrate concentrations.
Nitrate and metal uptake are therefore likely
to be related through nitrate enhanced
growth. We noted a reduction in nitrate
uptake at the Scottish EQS suggesting that
this is a sensitive assay.
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Phytoplankton communities are con-
tinuously changing. Some species are more
sensitive to copper than others. EC50 values
for copper for various algae species were 220,
198, 176, 40, 13.5, and 7.5 µg l-1 (Millan de
Kuhn et al., 2006). Communities dominated
by more sensitive species are more likely to
be impacted. The most sensitive organisms,
Gyro/pleurosigma and ciliates were not
dominant in any of the experiments. The
overall lack of reduction in cell numbers was
understandable even with their decreasing
numbers. The finding of no relationship
between the number of cells and the copper
concentration agrees with the findings of
Roussel et al. (2007). In their experiment,
after 18 months exposure to copper concen-
trations ranging from 5 - 75 µg l-1 there was
no effect on phytoplankton cell number.
Their lack of recorded impact after 18
months with the same range of copper con-
centrations as the current experiment indi-
cates that extending the length of the current
experiment would not have changed the
results. 

The fining of reduced diversity in phy-
toplankton exposed to increasing concentra-
tions of copper agrees with the findings of
other researchers. In the experiment of Le
Jeune et al. (2007) phytoplankton diversity
decreased after exposure to 80 and 160 µg l-1
of copper; while increasing copper concentra-
tions also reduced the diversity of herbivo-
rous grazers. There was a non dose depen-
dant impact of copper on phytoplankton
diversity over a 40 day experiment conducted
by Sanders et al. (1981). The concentrations
they used (5, 10, 15 and 20 µg l-1) all caused
a decrease in phytoplankton diversity.  

Diversity indices for this experiment
were compromised since we identified the
cells to genus or a higher taxonomic classifi-
cation rather than to species. Using classifi-
cations higher than species level can intro-
duce inaccuracies into results (Wu, 1982).
The Shannon-Weiner index was particularly
susceptible (Wu, 1982). Evenness indices
were less liable to error when using higher

classifications (Wu, 1982).  Since treatments
were consistent, all samples were subject to
the same errors. The samples could be com-
pared, although results cannot be directly
compared to other studies.

Conclusions
Copper doses were selected as realistic

concentrations and that could be found in
the vicinity of copper based antifouling
paint. Results suggest that there may be
some damage to phytoplankton species com-
munities. The reduction in 13C uptake at
5 µg l-1 suggests that the Scottish EQS may
not completely protect phytoplankton.  
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Abstract
The principal source of uranium in the natural environment is the atmospheric

precipitation of terrigenic material, as well as river waters and fertilizers. In addition the
concentration of uranium in natural environment is increased by results of human activ-
ity - industry, fossil fuel combustion, phosphate fertilizers in agriculture, domestic and
industrial sewage. 

The principal sources of radionuclides in the Southern Baltic Sea are the Vistula
and the Oder Rivers. On the basis of these studies it maybe stated the highest concentra-
tion of uranium in water from the Vistula and their tributaries were observed in spring,
the lowest in summer. Uranium isotopes in water from the Vistula are not in the
radioactive equilibrium. The highest values of the 234U/238U activity ratio in the Vis-
tula water lie between 1.64 in spring to 1.95 in summer for Kraków and the lowest
between 1.02 in summer to 1.33 in winter for Narew. The uranium radionuclides 234U
and 238U in the Oder River are not in radioactive equilibrium. The highest values of the
activity ratio of 234U/238U was estimated for the Oder water samples collected in
Głogów (1.84 in autumn), the lowest in water from Noteć (1.03 in winter and spring).
The activities of uranium were different in all analyzed seasons, the lowest however in
summer. More over there were observed that the amount of this radionuclides increase
along the stream of Odra river from the spring to the mouth to the Baltic Sea. It proved
that the concentration of radionuclides in spring is connected with inflow of water from
melting snow, increase dry and wet atmospheric precipitation connected with carbon,
gas and oil combustion in winter, and with radionuclides transported with water eluted
from soil as well as leach materials from river bed. 

The enhanced concentration of uranium from the Vistula and the Oder is also a
result of human activities (mostly phosphate fertilizers to improve soil conditions and
discharge of saline mine waters), flow water from meltdown of snow and stronger soil
erosion. The human activities are very visible around phosphogypsum waste heap in
northern Poland. The principal sources of uranium radionuclides in northern Poland are
phosphorites and phosphogypsum produced by the Phosphoric Fertilizers Industry of
Gdańsk. The unexpectedly wide variations of uranium concentration were observed in
the waters of reservoir what indicates that this radionuclide is lixiviated from the phos-
phogypsum waste dump to the retention reservoir water. The activity ratio of
234U/238U is approximately about one in the phosphogypsum and in the water of a
retention reservoir and a pumping station. The leaching process of uranium from the
phosphogypsum waste heap is responsible for the maximum uranium concentration
(1097 ± 6 µg.dm-3 and 1177 ± 6 µg.dm-3) in the retention reservoir. 

The authors would like to thank the Ministry of Science and Higher Education for
the financial support under grant DS/8460-4-0176-0.
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Abstract

Heavy metals still represent a group of dangerous pollutants, to which close atten-
tion is paid. It is known that heavy metal ion contamination represents a significant
threat to the ecosystem and especially to people due to the severe toxicological effects on
living organisms. Fate of heavy metals in environment as well as their toxicity and other
properties are still topical. A heavy metal is a member of an ill-defined subset of elements
that exhibit metallic properties, which would mainly include the transition metals, some
metalloids, lanthanides and actinides. 

Molecular imprinting technology involves the preparation of a polymer with specif-
ic recognition sites for certain molecules. Once the polymer has been obtained, it can be
used in solid-phase extraction protocols, where a careful selection of the most appropri-
ate solvents to be used in the different steps (sample loading, washing and elution) is
needed in order to extract the target analyte selectively. A new Sm (III)-imprinted mer-
capto-functionalized Alumina sorbent was synthesized by easy reaction by combining a
surface imprinting technique for selective solid-phase extraction of trace Sm (III) prior to
its determination by Inductivly Coupled Plasma optical emission spectroscopy
(ICP_OES). The Sm (III)-imprinted sorbent was characterized by IR spectroscopy and
element analysis.

Compared to non-imprinted polymer particles, the ion-imprinted polymers had
higher selectivity and adsorption for Sm(III).

In this study a simple procedure for the synthesis of Sm (III) imprinted mercapto-
functionalized alumina sorbent was developed by a surface imprinting technique.The
method was applied for the removed of Sm (III) from water sample solution while the
influence of various factors such as PH and initial concentration were studid. 

Keyword: . Molecularly imprinted polymers; Sm(III)-imprinted mercapto-function-
alized Alumina sorbent; Adsorption; solid-phase extraction
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[2] Abrams MM, Burau RG, Zasoski RJ (1990) Organic selenium distribution in
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Introduction
Heavy metals enter the environment

through natural events, such as the weather-
ing of rocks, but also as a result of anthro-
pogenic activities such as sewage and indus-
trial effluent direct discharge, diffuse run off
from urban and agricultural landscapes and
the burning of fossil fuels. Once they reach
the marine environment they are absorbed
and concentrated in the tissues of animals
such as the common mussel (Mytilus
edulis). The Scottish Environment Protec-
tion Agency (SEPA) monitors heavy metals
in biota and has data for over 100 sites. The
OSPAR Riverine Inputs and Direct Dis-
charges (RID) programme quantifies aque-
ous inputs of five metals, cadmium (Cd),
mercury (Hg), copper (Cu), lead (Pb) and zinc
(Zn). Cd, Pb and Hg are on Part A of the List
of Chemicals for Priority Action established
by the OSPAR Convention. These chemicals
have been singled out because of their per-
sistence, toxicity and bioaccumulation prop-
erties. Analysis of cadmium, lead and mer-
cury is mandatory for the OSPAR Coordinat-
ed Environmental Monitoring Programme
(CEMP) which SEPA contributes data to via
the UK Clean Sea Environmental Monitor-
ing Programme (CSEMP). Trends in RID

data going back to 1990 can be used to inter-
pret heavy metals levels in Scottish biota.

Materials and Methods
Trace metals in biota are analysed by

United Kingdom Accreditation Service
(UKAS) approved methods in the Edinburgh
laboratories of SEPA and the quality of
results obtained is regularly tested by partic-
ipation in the QUASIMEME inter-laborato-
ry proficiency testing scheme.

Samples of the common mussel
Mytilus edulis were collected at low tide
from intertidal sites around Scotland. The
mussels collected were depurated then the
tissue was homogenised and freeze dried.
Acid digests of tissue were analysed by
inductively coupled plasma mass spec-
troscopy (ICPMS) or cold vapour atomic flu-
orescence (CVAF) in the case of Hg.

Forth Estuary
Results
Analysis of spatial and temporal data

has shown that the vast majority of sites
monitored in Scotland give no cause for con-
cern and levels of heavy metals in biota are
close to background levels.

An Overview of Heavy Metals in Scottish Mussels
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Abstract
Heavy metals enter the environment through natural events, such as the weathering

of rocks, but also as a result of anthropogenic activities such as sewage and industrial efflu-
ent direct discharge, diffuse run off from urban and agricultural landscapes and the burning
of fossil fuels. Once they reach the marine environment they are absorbed and concentrated
in the tissues of animals and plants such as the common mussel (Mytilus edulis) and com-
mon seaweed (Fucus vesiculosis). The Scottish Environment Protection Agency (SEPA)
monitors heavy metals in biota and has data for over 100 sites. Analysis of spatial and tem-
poral data has shown that the vast majority of sites monitored give no cause for concern and
levels of heavy metals in biota are close to background levels. The heavily industrialised
Forth estuary area shows some interesting results whilst the Clyde seems to be recovering
from its industrial legacy. The Forth estuary has seen a reduction in heavy metals levels
since 1990 as inputs have decreased, but some residual contamination remains. It still has
the highest levels of mercury, lead, copper, nickel and chromium in Scotland and most Forth
sites exceed the Water Framework Directive EQS for mercury in biota when background lev-
els have been subtracted. Other results of interest are found in Shetland where the mussels
contain slightly elevated levels of zinc, possibly as a result of inputs from fish farms in the
area.

Keywords: heavy metals, mussel, SEPA, Forth, Clyde, Shetland
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Figure 1. Forth estuary area

However the heavily industrialised
Forth estuary area (see Figure 1) shows some
interesting results.

Trends in the five RID elements Cd,
Hg, Cu, Pb and Zn, have been examined
since these can easily be compared to histor-
ical inputs. These are shown below in Figure
2 and Figure 3.

Figure 2. Cd and Hg in mussels in the Forth
area.

Figure 3. Cu, Pb and Zn in mussels in the
Forth area.

The results shown above are averages
for all sites in the Forth area in each year.
Units are in mg/kg dry weight. Cd levels in
mussels have fallen to 40% of their 1990
value, Hg to 46%, Cu to 57%, Pb to 28% and
Zn to 54%.

Inputs
Plots of RID data from 1990 to 2008

are shown in Figures 4 and 5 below. Units
are in tonnes per year. Cadmium input has
fallen to 17% of its 1990 value, Hg to 15%,
Cu to 27%, Pb to 30% and Zn to 31%.

Figure 4. Input of Cd and Hg in the Forth area.

Figure 5. Input of Cu, Pb and Zn in the Forth
area.

Discussion
Reductions in heavy metals input in

the Forth area have been reflected in a reduc-
tion in the amount of heavy metal detected
in mussels. However it is clear that historical
contamination remains in the Forth estuary.
Most Forth sites exceed the Water Frame-
work Directive EQS for mercury in biota
even when background levels have been sub-
tracted and this area also has the highest lev-
els of lead, copper, nickel and chromium in
biota in Scotland.  

Clyde Estuary
Results

Figure 6. Clyde Estuary area
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Although the Clyde estuary (Figure 6)
was heavily industrialised in the past, heavy
metals levels in biota seem to indicate a
recovery from serious pollution and there are
no sites in this area which give cause for con-
cern.

Trends in the levels of the five RID ele-
ments Cd, Hg, Cu, Pb and Zn in mussels
have been examined and compared to
inputs. These are shown below in Figure 7
and Figure 8. Data is only available from
2004. The results are averaged for all the
sampling sites in the Clyde area in each year.
Units are in mg/kg dry weight. Cd levels in
mussels in 2009 were at 72% of their 2004
value, Hg was 93%, Cu was 91%, Pb was
57% and Zn was 77%.

Figure 7. Cd and Hg in mussels in the Clyde
area.

Figure 8. Cu, Pb and Zn in mussels in the
Clyde area.

Inputs
Plots of RID data from 1990 to 2008 in

the Clyde area are shown below in Figures 9
and 10. Units are in tonnes per year. Cd
input in 2008 was 98% of its 1990 value, Hg
was 124%, Cu was 37%, Pb was 17% and Zn
was 69%.

Figure 9. Input of Cd and Hg in the Clyde
area.

Figure 10. Input of Cu, Pb and Zn in the
Clyde area.

Discussion
Whereas inputs of all five RID heavy

metals have decreased considerably in the
Forth estuary, the same trend is not observed
in the Clyde. While the main industrial
activities in the Clyde ceased around 60
years ago, the Clyde catchment is heavily
urbanised and the main source of heavy met-
als entering the estuary now is large sewage
treatment plants. Input of Cu and Pb has
decreased noticeably and Zn has also
decreased but Cd and Hg inputs have fluctu-
ated around the same levels since 1990.

Shetland
There are no biota sampling sites in

the Shetland reporting area which exceed
any reporting limits but mussels sampled in
this area contain higher than expected levels
of Zn. Trend data for Zn is shown below in
Figure 11.
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Figure 11. Zn in mussels in the Shetland
area.

Input
Recently trace metals inputs  from fish

farms have been  estimated from the Zn con-
tent of wasted food. These show that 9.6t Zn
were discharged in the Shetland area in 2007
and that 26.7t were discharged in 2008.

Discussion
Levels of Zn in the Shetland area

exceed these in the Forth, which is heavily
industrialised and are comparable to those in
the Clyde area, which is heavily urbanised.
The eight highest Zn levels found in Scottish
mussels were found in the Shetland area.
Input of Zn from waste food around fish
farms has increased to 278% of 2007 levels
in one year and it is possible that this is con-
tributing to the elevated levels of Zn found in
mussels. Zn from waste fish food does not
contribute to elevated levels in the water col-
umn however as these are low in the Shet-
land area.
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Introduction
In aquatic environments Hg is convert-

ed to methylmercury, and in this form is rap-
idly incorporated into the food chain. Aquat-
ic birds, which are the top predators of food
chain, may be exposed to significant concen-
trations of Hg. They might serve as good
monitors of spatial and temporal patterns of
Hg contamination in water ecosystems
(Ochoa-acuna et al. 2002, Monteneiro and
Furness 1995). Feathers serve as a useful
indicator of inorganic pollutants because
metal concentration correlate well with their
internal levels during the time of feathers
formation. Mercury level is also stable in
feathers (Burger and Gochfeld 1997) and can
be bound to the sulphydryl groups of the ker-
atin as feathers grow. Birds can excrete con-
tamination during the moult period as the
most important pathway elimination of Hg
(Dauve et al. 2003, Ochoa-acuna et al.
2002).

The aim of this study was to analyze
the total Hg level in feathers of Great Cor-
morants from the Vistula Lagoon and its
comparison to that in the other aquatic birds'
feathers.

Material and Methods
The birds were collected by shotgun at

the Vistula Lagoon (by permission of the
local environment protection authorities).
Contour and tail feathers were chosen for
analyses.  Samples were rinsed three times
by water with detergent, distilled water with
acetone (1:1) and next Mili-Q water (Saeki et
al. 2000). Then feathers were dried at room
temperature by the one night to a constant
weight (Burger and Gochfeld 1997). Samples
were homogenized and the total Hg concen-
tration was determined by cold-vapor AAS
technique (MA - 2000 Mercury Analyzer).
Samples were thermally decomposed at
800°C under clean air flow and Hg was
determined by CV-AAS at 253.65 nm.
Three analytical subsamples were prepared
from each sample. Each sample was consist-
ed of 5-10 contour or tail feathers taken from
one specimen. Quality control was assured
by analyses of CRMs, i.e. DORM-2 (Nation-
al Research Council, Canada) and BCR-463
(IRMM, Belgium). The respective recoveries
of the total Hg were 101.0 and 97.1%; the
respective standard deviations amounted to

Mercury Levels in Great Cormorant's Feathers 
from the Vistula Lagoon Ecosystem in Poland

M. Misztal - Szkudlińska1, P. Konieczka2, J. Namieśnik3, P. Szefer4

1Department of Food Sciences, Medical University of Gdańsk, Gen. J. Hallera 107, PL
80-416 Gdańsk, POLAND, gomis@gumed.edu.pl 
2Department of Analytical Chemistry, Chemical Faculty, Gdańsk University of Technology,
G. Narutowicza 11/12, PL 80-233 Gdańsk, POLAND, piokonie@pg.gda.pl 
3Department of Analytical Chemistry, Chemical Faculty, Gdańsk University of Technology,
G. Narutowicza 11/12, PL 80-233 Gdańsk, POLAND, chemanal@pg.gda.pl
4Department of Food Sciences, Medical University of Gdańsk, Gen. J. Hallera 107, PL
80-416 Gdańsk, POLAND, pszef@gumed.edu.pl

Abstract
Monitoring of Hg in the marine environment is a priority. Some tissues of aquatic

birds, as top predators, may exhibit high mercury levels due to food chain biomagnification.
Birds are able to eliminate a substantial portion of their body burden of certain heavy metals
via their plumage during the moulting period. During the moult, levels of some heavy met-
als in internal tissues drop as they are sequestered in the feathers. The contour and tail
feathers were collected from adult birds of Great Cormorant (n=44) from the Vistula Lagoon
ecosystem in Poland. Feathers samples were rinsed three times with distilled water, deter-
gent, Milli-Q water and with acetone. After drying at room temperature for one night, the
total Hg concentration was determined by cold-vapor AAS technique (MA - 2000 Mercury
Analyzer). In order to estimate trueness of the analytical measurements, the certified refer-
ence materials such as DORM-2 and BCR-463 were used. The total Hg concentrations in
contour feathers (9.73±5.63 µg/g d.w) were higher than in tail feathers (6.43±4.21 µg/g d.w)
(p<0.005, U-test). Since feathers have been used as possible monitoring tissues for the
exposure of birds to Hg, further studies are needed to support this finding. 

Key words: Mercury, Great Cormorant, feathers, biomonitoring, CV-AAS
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0.09 and 0.09%. Other validation parame-
ters for the analytical method were described
by Misztal-Szkudlińska et al. (2008). The
concentration data were processed statisti-
cally by STATISTICA 8.0 for Windows
(Copyright© StatSoft, Inc. 1984-2008). The
nonparametric Mann-Withney U test
(p<0.005) was used for checking statistical-
ly significant dependence of Hg concentra-
tions on different kinds of feathers.

Results and Discussion
Concentration of Hg in contour feath-

ers (9.73±5.63 µg/g d.w.) was significantly
higher than that in tail feathers (6.43±4.21
µg/g d.w.) (Mann-Withney U test; p<0.005)
(Figure 1). Female contour feathers con-
tained 10.6±6.69 µg Hg/g d.w. while male
ones had somewhat lower levels (8.98±4.55

µg/g d.w.). Inverse tendency was observed in
the case of tail feathers; smaller Hg concen-
tration was observed in females (5.57±4.20
µg/g d.w.) than in males (7.01±4.22 µg/g
d.w.) Variations of Hg concentrations in the
two kinds of feathers are shown in Figure 2. 

Feathers of cormorant from the Vistula
Lagoon ecosystems are characterized by sig-
nificantly higher level of Hg as compared to
cormorants from Japan. According to Saeki
et al. (2000) and Nam et al. (2005) Great
Cormorant's feathers contained ca. 3 µg Hg/g
d.w. Phalacrocorax auritius from two reser-
voirs in New Mexico concentrated Hg at lev-
els of 4.01 and 2.34 µg/g w.w. in tail feathers
(Caldwell et al. 1999).

Figure 1. Concentrations of total Hg (µg/g d.w.) in Great Cormorants feathers.

Figure 2. Concentrations of total Hg (µg/g d.w.) in feathers from male and female Great
Cormorants.
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Very low level of Hg (0.251 µg/g d.w.)
has been observed by Burger and Gochfeld
(2001) in the feathers of Cape Cormorant
(Phalacrocorax capensis) from Namibia in
southern Africa. Great cormorants analysed
in our studies contained in feathers similar
concentration of Hg to that in royal albatross
(6.8 µg/g d.w.) and black-footed albatross (7.2
µg/g d.w.) from Japan as well as in herring gull
(6.06 µg/g d.w.) and glaucous gull (5.96 µg/g
d.w.) from Siberia (Kim et al. 1996 a, b). 

Ochoa-acuna et al. (2002) found differ-
ences in Hg concentrations in contour feath-
ers across taxonomic bird groups. They
assumed that correlation depends on feeding
strategy and to a less extent on differences in
the metabolism and excretion of Hg. The
highest levels of Hg were observed in Procel-
lariide, Sulidae, Laridae and Phalacrocoraci-
dae whilst Charadriidae, Threskiornithidae
and Anatidae contained the lowest its levels.

Birds from genus Phalacrocorax are
mainly fish-eating, so they have been able to
accumulate contamination like Hg.

Limited data for Hg levels in feathers
indicate a range of 5 to 40 µg/g d.w. as being
associated with adverse effects connected
with lower reproduction and survival (Burger
and Gochfeld 1997, 2000). Feathers of Great
Cormorants from Vistula Lagoon are charac-
terized by generally higher levels of Hg as
compared to those from other regions world-
wide. Since feathers have been used as possi-
ble monitoring tissues for the exposure of
birds to Hg, further studies are needed to
support this finding. 
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Mercury Fluxes Through the Sediment Water Interface 
and Bioavailability of Mercury in Southern Baltic Sea Sediments
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Abstract
Sediment cores collected in several areas of the southern Baltic were analysed for total

mercury (HgTOT) and five operationally defined mercury fractions: HgA - contained in pore
waters, HgF - bound to fulvic acids, HgH - bound to humic acids, HgS - bound to sulphide,
and HgR - residual. An effort was made to quantify mercury fluxes at the sediment/water
interface in the study area. Net mercury input, calculated on the basis of sedimentation rate
and concentration in the uppermost sediments, ranged from 1 to 5.5 ng cm-2 year-1. Mer-
cury remobilisation from sediments due to diffusion and resuspension was calculated from
the proportion of labile mercury and the velocity of near-bottom currents. The results
showed that the return soluble and particulate fluxes of mercury from the sediments to the
water column constitute a substantial proportion of the input (20-50%), and are slightly
higher than those found in pristine areas, although they are less than the values recorded in
areas with a history of mercury contamination. In addition, an index was developed to
assess the methylation potential of mercury in sediments. Mercury contained in pore
waters, and mercury bound to fulvic and humic acids together with Loss on Ignition were
used to calculate the semiquantitative methylation potential (Pm). Despite the simplicity of
this approach, Pm correlates well with methyl mercury in fish from the study area.

Key words: Baltic Sea, bioavailability, mercury, remobilisation, sediments, speciation
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Abstract
The Cananeia-Iguape estuarine-lagoon complex, located in the southern coastal

region of S.Paulo State, is part of the Biosphere Natural Reserve (UNESCO) due to its
environmental-cultural importance. The Santos Estuarine system, next to one of the
nation´s most important industrial complexes, is highly susceptible to human impact
from industry, urban sewage and solid waste disposal. This study report results of toxic
metals (Cd, Hg, Pb) distribution in 26 bottom sediment samples from the Cananeia
estuary and 30 from the Santos estuary, summer and winter/2005. Atomic absorption
spectrometry was employed for total Hg, Cd and Pb determinations. The average/stan-
dard deviation obtained at Cananeia estuarine was: summer, 52/63 µg Cd kg-1, 41/22 µg
Hg kg-1, 7.7/9.6 31 mg Pb kg-1 and 30/27 µg Cd kg-1, 31/20 µg Hg kg-1 and 7.5/9.3 mg
Pb kg-1, for winter. The results for the Santos-Sao Vicente estuary were: summer, 91/85
µg Cd kg-1, 255/275 µg Hg kg-1, 11.2/10.6 mg Pb kg-1 and 105/125 µg Cd kg-1, 291/325
µg Hg kg-1 and 17.1/13.2 mg Pb kg-1, for winter. These values were compared to the ori-
ented values (TEL and PEL). Samples from Cananeia estuary presented values far below
the TEL values, does no anthropogenic influence. Samples from Santos estuary exceed-
ed the TEL values for Hg and Pb. These locations suffer high impact from industrial
activities and harbor influence showing a strong negative anthropogenic influence.

CCME Canadian Environmental Quality Guidelines - Summary Tables -
http://www.ec.gc.ca/ceqg-rcqe/English/ceqg/sediment/default.cfm, 2001
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Introduction
Islay and Jura are the southernmost

islands of the Inner Hebrides of  Scotland.
There are seven whisky distilleries on Islay
and one on Jura which discharge effluent
containing copper to the marine environ-
ment. Copper is licensed and monitored
based on the European Dangerous Substance
Directive (DSD, 76/769/EEC). The Environ-
mental Quality Standard (EQS) for copper in
seawater is an annual average concentration
of 5 µg/L. There is no quality standard given
for sediments or biota in the directive. How-
ever, the ADRIS estuarine classification
scheme (SEPA, 1994) gives a national back-
ground concentration of 3.5 mg/kg dw, a
"substantially elevated" concentration of 35
mg/kg dw and a "grossly elevated" concentra-
tion of 70 mg/kg dw in seaweed. 

The production of whisky is a batch
process and different processes contain vary-
ing amounts of copper. Spent lees can con-
tain as much as 40mg/l copper and is dis-
charged for several hours per day. Sampling
of seawater at the edge of the mixing zone
requires small boats as a sampling platform
and is not targeted at specific steps of the dis-
tilling process. Therefore, following an inter-

nal review of discharge monitoring, environ-
mental monitoring was changed from sea-
water sampling four times a year to annual
seaweed sampling. Seaweed is known to
accumulate trace metals and thus provides a
more averaged value.

Materials and Methods
The distilleries are grouped into four

distinct areas (Figure 1). These are Sound of
Islay, Jura, Loch Indaal and Southern Islay.
In 1985 the Clyde River Purification Board
produced a report on copper concentrations
in seawater, sediments and biota (mussels
and seaweeds) from these sites Seaweed data
from that period is compared with data from
2007 and 2008.

Seawater Sampling and Analysis
2007-2008

Seawater samples were taken at the
edge of the effluent mixing zone at three of
the distilleries from a small boat four times a
year from 2005 and 2008. The copper con-
tent was determined by ICPMS using ion
exchange resin.

Copper Monitoring at Distillery Sites on Islay and Jura

J. Dobson, C.J. Engelke

Marine Chemistry Unit, Scottish Environment Protection Agency, Redwood House,
Peel Park, East Kilbride, G74 5PP.

Abstract
There are eight distilleries discharging copper in distillery effluent to the marine envi-

ronment on the islands of Islay and Jura. Copper is licensed and monitored based on the
European Dangerous Substance Directive (DSD, 76/769/EEC) and the Environmental Qual-
ity Standard (EQS) for copper in seawater is an annual average concentration of 5 µg/L. There
is no quality standard given for sediments or biota in the directive. However, the ADRIS
estuarine classification scheme (SEPA, 1994) gives a national background concentration of
3.5 mg/kg dry weight (dw), a "substantial elevated" concentration of 35 mg/kg dw and a
"grossly elevated" concentration of 70 mg/kg dw. Common seaweed (Fucus vesiculosis)
serves as a useful sentinel species for copper as it averages out discharge levels which spot
sampling might miss. Analysis by ICP showed that all seaweed collected at these distillery
sites exhibited increased copper concentrations compared to the control site. At five distill-
eries the average concentration was higher than 5 mg/kg dry weight (dw), with the highest at
22.1 ± 5 mg/kg dw. In most cases there is a clear difference between the two seaweed collec-
tion sites (north - south or east - west), suggesting stronger transport of contaminants in one
direction. Even when discharging into highly dispersive waters, such as the Sound of Islay,
significant increase of copper in seaweed does occur. Comparison to 1985 data indicated no
decrease in environmental concentration of copper in the last 22-23 years at the three sites
where old data is available. Determination of copper in seawater samples does not give a
good indication of the fate of copper at these distillery sites.

Key words: distilleries, copper, Islay, Jura, seawater, seaweed.
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Figure 1. Distillery sites on Islay and Jura.

Seaweed Sampling and Analysis
2007-2008

Seaweed samples were collected either
North and South, or West and East of the dis-
charge at the shore; twice in 2007 and quar-
terly in 2008. The brown seaweed Fucus
vesiculosus was collected from the shore in
transects of increasing distance from distill-
eries on four separate sampling trips through
the year. The samples were washed free of
adhering particulate matter with deionised
water, and the bladders and growing tips
were discarded. The samples were freeze-
dried, and homogenized then digested in
nitric acid in a sealed pressured container.

The copper content of the digest was deter-
mined by ICP/MS.

Results
Seawater Results
See Table 1. The Environmental Qual-

ity Standard (EQS) for dissolved copper in
seawater is 5µg/L on an annual average.
Results for seawater samples are generally
well below the EQS. In 2008 one sample has
been found to exceed 5 µg/L at the western
edge (d/s) of the mixing zone without causing
the annual average to breach the EQS. How-
ever, spot samples are inadequate for moni-
toring intermittent discharges such as the
batch processes of the distillation and water
samples alone are insufficient to assure that
no harm to the environment occurs.

Seaweed Results
Results for the copper concentration in

seaweed during 2007 (two times) and 2008
(four times) are shown in Figure 2. The con-
trol site has a copper concentration lower
than any of the distillery sites (1.7 ± 0.2
mg/kg dw). The five distillery sites where
average concentrations in seaweed exceeds 5
mg/kg dw are discussed here in more detail. 

Distillery A
The highest concentration was record-

ed at the shore site north of the distillery
(22.1 ± 5 mg/kg dw) however the shore site
south of the distillery is much lower at 6.5 ±
1.7 mg/kg dw. Both are significantly higher 

u/s northern or eastern edge of mixing zone
d/s southern or western edge of mixing zone
cntr Control site 

Table 1. Annual average copper concentration in seawater
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than the control site. The individual meas-
urements do not show a seasonal trend, but
in each instance the north site has much
higher concentrations than the south site.
There is not enough data yet to identify any
long term trends within this data set.

Distillery B
The average concentrations at the sites

north and south of the Distillery B are 7.0 ±
1.3 mg/kg dw and 5.3 ± 1.3 mg/kg dw respec-
tively. 

Distillery C
The third highest concentrations are

measured at the east site (10.8 ± 4 mg/kg
dw). Variability at this site is higher than at
most other sites and not always is the east
site higher than the west site.

Distillery D
While average concentrations at Dis-

tillery D are similar to Distillery C the vari-
ability is much smaller. Furthermore, there
is little difference between the east and the
west site.

Distillery E
At Distillery E only one location has

been sampled due to difficulties in identify-
ing the exact location of the discharge. The
site at the harbour wall has the second high-
est concentration and a very high variability
(13 ± 5.3 mg/kg dw). Data is available from
only five occasions at this site.

Long term trends
The 1986 CRPB study analysed sea-

weed only at a few locations between May

and June 1985. Two locations around Dis-
tillery C gave 12.2 and 21.8 mg/kg copper
respectively, while one location at Distillery
D gave 5.31 mg/kg. On Jura three locations
were assessed and gave concentrations of
4.1, 7.6 and 13.0 mg/kg copper.

Distillery C
When comparing the 1985 data with

the results for 2007-08 for this distillery, the
slipway site in 1985 exhibits significantly
higher copper concentrations, while the
shore site is very similar to the current meas-
urements. The analysis of trace metals con-
centration was carried out in duplicate for
the slip, but unfortunately no standard devi-
ation has been reported. Thus, it is difficult
to assess the robustness of the 1985 meas-
urements. Furthermore, the exact location
of the 1985 sampling is not known. The data
does indicate that the concentration of cop-
per in the coastal environment at Distillery
C has not changed much in the last 22-23
years.

Distillery D
Only one result from one location has

been reported in the 1986 CRPB report.
Without a measure of standard deviation in
the old data and exact sampling location it is
not possible to carry out a statistical analysis
but the data suggests that concentrations of
copper in seaweed have not decreased in the
last 22-23 years.

Figure 2. Average copper levels in seaweed at Islay and Jura Distilleries
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Distillery B
The 1986 CRPB Report contains infor-

mation on three locations around Distillery
B. The slipway location achieved higher con-
centrations than current measurements,
while the village and church are comparable
with recent data. Again, there is no indica-
tion that copper concentrations in the envi-
ronment around the distillery have
decreased in the last 22-23 years.

Discussion
The background concentration meas-

urement at the Islay control site is 1.7 ± 0.2
mg/kg dw. This is exceeded at every distillery
site sampled (see Figure 2). Several samples
show copper levels in excess of ten times
greater than background levels. This is sur-
prising, as the highly dispersive water, espe-
cially around Distillery A, is thought to
ensure good mixing and low environmental
concentrations. Overall, all distillery sites
monitored are impacted as they show a sig-

nificant elevation of average copper concen-
tration against the control site. However,
some sampling points are very close to the
distilleries and there seems to be no negative
impact on the local ecosystems.

The comparison of the 1985 results
with the 2007/08 data do not indicate a clear
general long-term trend. More monitoring
on the same locations utilising the same
technique are needed to identify any trends.

Based on the data analysis of this
report, the recommendation is to continue
annual monitoring of seaweed at all Islay
and Jura locations to assess long term trends.
The fate of the discharge at Distillery A
should be investigated further by modelling
dilution and dispersion for these discharges.

References
Clyde River Purification Board, 1986,

Technical Report No. 83, Hydrographic and
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Introduction
Lower levels of the heavy metals than

the quantitation limits of the instrumental
techniques and higher levels of the concomi-
tant ions in the real samples are two impor-
tant problems for metal determinations in
environmental samples by using measure-
ment techniques . Because of these limita-
tions, monitoring of environmental pollu-
tants at ultra-trace levels by instrumental
techniques like  flame atomic absorption
spectroscopy (FAAS), atomic emission spec-
troscopy, etc. needs an effective sample pre-
concentration step. Because of these limita-
tions, monitoring environmental pollutants
at ultra-trace level by instrumental tech-
niques like atomic absorption spectroscopy
atomic emission spectroscopy, etc. needs an
effective sample preconcentration step
(m.ghaedi et all.,2009). 

Cadmium is a natural constituent ele-
ment of the earth'scrust. However, its con-
centration in a given environmentmay
increase in response to anthropogenic
sources of contamination. The presence of
this metal in the environment may result
from its widespread use (fertilizers, mining,
pigments), from burning oil and coal, and
from the incineration of waste, causing
extensive contamination of the soil, air, and
water. Cadmium is characterized by its pro-
longed persistence in the environment and
in living organisms, which accounts for its
bioaccumulation. This element is absorbed
by plants and then transferred to animals
through the food chain Thus, the metabo-
lism and toxicology of cadmium are of major
concern, since it has a high toxic potential
(f.a.carqueija 2006). Procedures for deter-
mining trace amounts of Cd are important

Modificatin of Amberlite XAD-2 resin with Iminodi Acetic Acid 
for Preconcentration and Determination of Cadmium 

in Sea Water Samples

H.A. Panahi1, M. Manoochehri2, E. Badri nezhad3, 

N. Khaledian4, A. Ebrahim5
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Abstract
Water pollution by heavy metals is causing serious ecological problems in the world.

Therefore, the determination of heavy metals such as cadmium in the enviromental sam-
ples is needful today.Determination of metals ions at a very low concentration of the needs
preconcentration in order to meet the detection limit of a given analytical method. The pre-
concentration methods using solid adsorbents are simple, rapid and usually helps to elimi-
nate the interference from the matrix elements. Amberlite XAD-2 (polystyrene-divinylben-
zene polymer) is a very used resin in preconcentration procedure, thanks to its good physi-
cal and chemical properties such as porosity. High surface area,durability and purity.

In this study,cadmium ion are absorbed during passage of amberlite XAD-2 resin mod-
ified with iminodi acetic acid,also the influence of pH of sampled were studied and the best
pH for this study is 7.5. The recovery of upper 90% was achieved at this pH. Isoterm study
like langumier and temkin also was studied. The proposed procedure was applied for  cad-
mium determination by flame atomic adsorbtion spectroscopy (FAAS) after preconcentra-
tion in natural water samples. The achieved recovery, measured by standard addition tech-
nique shows that the proposed procedure had good accuracy, inrechment factor, preconcen-
tration factor and simplicity.

Keyworlds: Cadmium determination; natural water samples; FAAS.
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because contamination levels must be mon-
itored constantly, especially in biological,
food and environmental samples. However,
since a variety of matrices show very low
concentrations of Cd, preconcentration pro-
cedures are often required to allow its quan-
tification. Therefore, many enrichment pro-
cedures for determining Cd have been devel-
oped, involving different methods, e.g., liq-
uid-liquid extraction, coprecipitation, cloud
point extraction , and solid phase extraction
(Vassileva E, Proinova I, Hadjiivanov K,
1996). In solid phase extraction, various sor-
bents such as activated carbon, C-18, sil-
icagel, microcrystalline naphthalene etc.
(m.soylak et all.,1996) have been used.
Amberlite XAD resins have been also used
for the preconcentration of trace metal ions
from various media such as natural water
samples, urine, geological samples etc.
Amberlite XAD-2 resin is a well-known
member of Amberlite XAD resins and has
found widespread application for the separa-
tion:enrichment of trace metals ions (A.Soy-
lak et all.,1996).

Materials and Metods
Instruments
A flame atomic absorption spectrome-

ter of Perkin-Elmer Instruments, Shelton,
USA (www.perkin-elmer.com), model Aana-
lyst 100 equipped with air-acetylene flame
was used for metal ion determination. A
Nicolet (Madison, USA, www.thermo.com)
FT-IR spectrometer, model Prot_eg_e 460,
was used to record IR spectra (in KBr) in the
range of 400-4000 cm-1. The pH was meas-
ured with a digital pH meter (Toshniwal
Instruments, Ajmer, India).

Reagents
All chemicals were of analytical-

reagent grade and obtained from E. Merck.
Stock solutions (1000gL-1) of the metal ions
were prepared and standardized as described
elsewhere. Working solutions were prepared
by successive dilution of stock solutions. pH
was adjusted with 0.001 mol L-1 NAH2PO4
and NA2HPO4. Acetate buffers prepared by
mixing different amounts of 0.001mol L-1
sodium acetate and0.01 mol L-1 acetic acid
were used to maintain the pH between 3.5
and 6.5. Pretreatment of Amberlite XAD-2
resin beads (surface area 330 m2 g-1, pore
diameter 9 nm, bead size 20-60 mesh),
obtained from Aldrich (Milwaukee, USA)
was performed as reported elsewhere (Kumar
M, Rathore D P S, Singh A K ,2000). Before
use, it was thoroughly washed successively

with 2 mol L-1 HCL and 1 mol L-1 NaOH. It
was made free from alkali by washing with
distilled water.

Synthesis of Amberlite XAD-2-[sali-
cylic acid] (Amberlite XAD-2- SAL)

Amberlite XAD-2 bead (5 g) were treat-
ed with 10 cm3 of concentrated HNO3 and
25 cm3 of concentrated H2SO4 and the mix-
ture was stirred at 60 oC for 1 h in an oil
bath. Then the reaction mixture was poured
into an ice water mixture. The nitrated resin
was filtered, washed repeatedly with water
until free from acid and treated with a reduc-
ing mixture of 40 g of SnCl2, 45 cm3 of con-
centrated HCl and 50 cm3 of ethanol. The
mixture was refluxed for 12 h at 90 oC. The
solid precipitate was filtered and washed
with water and 2 mol/dm3 NaOH which
released amino resin (R-NH2) from
(RNH3)2 SnCl6 (R=resin matrix).The
amino was first washed with 2 mol/dm3 HCl
and finally with distilled water to remove the
excess of HCl. It was suspended in an ice-
water mixture (350 cm3) and treated with 1
mol/dm3 HCl and 1mol/dm3 NaNO2
(added in small aliquits of 1cm3) until the
reaction mixture showed a permanent dark
blue color with starch-iodide paper. The dia-
zotized resin was filtered, washed with ice-
cold water and reacted with salicylic acid(2.5
g in 300 cm3 of glacial acetic acid and 150
cm3 of acetone) at 0-3 oC for 24 h. The
resulting brown-colored beads were filtered
and washed with water. 

Synthesis of XAD-2-[ethyl salicylate]
The brown-colored beads from previ-

ous section were refluxed with a mixture of
dried ethanol (15mL) and sulfuric acid (5mL)
for 10 hrs. 

Synthesis of XAD-2-[salicyl-iminoid-
diacetic acid] (Amberlite XAD-2- SAL/IDA)

A mixture of XAD-2-[ethyl salicylate]
and thionyl chloride (10 mL) was gently
refluxed for 2 days to precipitate XAD-2[sal-
icyl chloride] in light needles form. The
thionyl chloride was distilled off at reduced
pressure and the acid chloride was separated
via liquid phase extraction and treated with a
mixture of iminodiacetic acid (0.01 mol) and
NaOH solution (1M) upon cooling. The
reaction mixture was stirred in room tem-
perature for 5 hrs. The product was neutral-
ized with HCl (%10) and washed with water
before using as resin. Immobilization was
taken via N=N linker and the resulting
macromolecular chelator was characterized
by IR, elemental analyses and TGA. The 
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resin was dried at 60 °C and placed in a des-
iccator. 

Batch method
A sample solution (100 mL) containing

(0.5 µg.mL-1) of Cd+2 was taken in a glass
stopperd bottle, and the pH was adjusted to
optimum value. The 0.05g of Amberlite
XAD-2- SAL/IDA was added to the bottle
and the mixture was shaken for optimum
time. The resin was filtered and sorbed
metal ion was eluted with 0.5 M nitric acid
(10 mL). The concentration of the metal ion
in the eluant was determined by FAAS.

Result and Discussion
Characterization of the resin
IR spectrum of salicylic acid loaded

Amberlite XAD-2 (cm-1): 3433 (OH), 1526
aromatic (C=C), 1607(N=N), 1701 (C=O),
1209 (C-O), 3027 aromatic (C-H) and 2927
aliphatic (C-H). 

IR spectrum of synthesis of XAD-2-
[ethyl salicylate] (cm-1): 3392 (OH), 1620
(N=N), 1715 (C=O), 1092, 1349 (C-O) and
2924 aliphatic (C-H). 

IR spectrum of Synthesis of XAD-2-
[salicyl-iminoiddiacetic acid] (cm-1): 3443
(OH), 1624 (N=N), 1701 (C=O), 1625
amidic (C=O), 1037 phenolic(C-O) and
2926 aliphatic (C-H). 

Metal sorption as a function of pH
The degree metal sorption at different

pH values was determined by batch equili-
bration technique. A set of solutions (the
volume of each 100 mL) containing 0.5
µg.mL-1 of Cd+2 was taken. Their pH val-
ues were adjusted between the ranges 3-9
with 0.01M acetate and/or phosphate buffer
solutions. The 0.05 g of Amberlite XAD-2-
SAL/IDA was added to each solution and the
mixture was shaken for 4 h. The optimum
pH values for quantitative uptake of metal
ions were ascertained by measuring the
Cd+2 content (by FAAS) in supernatant liq-
uid and in the eluate obtained by desorbing
the metal ion from Amberlite XAD-2-
SAL/IDA with 0.5M nitric acid (10 mL). The
optimum pH range for the sorption of the
metal ion is shown in Fig.1. The maximum
recovery was 100% at pH 7.5.

Optimization of sorption time of lead ions
Amberlite XAD-2- SAL/IDA (0.05 g)

was shaken with 50 mL of solution contain-
ing 80 µg.mL-1 of Cd+2 for different length
of time (5, 15, 30, 45, 60, 90 and 120 min)
under optimum pH. After filtration of the
sorbent, the concentration of lead ions in
solution was determined with FAAS using

the recommended batch method. The sorp-
tion as a function of contact time for all the
metal ions is shown in Fig.2.  Less than 2
min shaking was required for 80% sorption.
The profile of lead uptake on this sorbent
reflects good accessibility of the chelating
sites in the Amberlite XAD-2- SAL/IDA.

Figure 1. The effect of pH.

Figure 2. Kinetics of lead sorption on
Amberlite XAD-2- SAL/IDA. 
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Abstract

The main aim of this work is to elucidate, at molecular scale, the interactions
mechanisms of the marine bacterium Idiomarina loihiensis MAH1, with trivalent lan-
thanides (e.g. europium) as inactive analogues of trivalent actinides (curium and ameri-
cium) using a multidisciplinary approach combining spectroscopic (Time-Resolve Laser-
Induced Fluorescence Spectroscopy, TRLFS) and microscopic (High Resolution Electron
Microscopy, HREM) techniques. The strain MAH 1 was isolated from Alboran Sea [1],
where the radioactive waste transport is intense leading to the environmental release of
actinides. These speciation studies were performed using two type of background elec-
trolyte, NaClO4 (at 0.1 M) and seawater (natural habitat of this bacterium). TRLFS
analysis indicated that the speciation of Eu(III) associated with the cells of MAH1
depend on the type of electrolyte. In the case of NaClO4, the lifetime (313-321 µs) of the
Eu complexes formed by MAH1 at pH 5 and 7 are characteristics of those of Eu/carboxyl
group's complexes indicating the involvement of these bacterial functional groups in the
coordination of Eu(III). HRTEM analyses showed that Eu accumulates were located at
cell wall and within the extracellular polysaccharide (EPS) characteristic of this bacteri-
um. However, the cells of this bacterium precipitate Eu(III) as Eu carbonates species
when the cells are suspended in seawater with two different Eu concentrations (10-5 and
10-4 mM). TEM analysis indicated that these Eu carbonates precipitated were localized
only at the cell surface. 

The present work highlights the role of marine bacteria in the geomicrobial
processes of trivalent lanthanides and trivalent actinides occurred at marine environ-
ments and the role of these microbes in the fate and mobility of these inorganic contam-
inants in marine ambients. 

[1] González-Munoz M.T., De Linares, C., Martínez-Ruiz, F., Morcillo, F., Martín-
Ramos, D., Arias, J.M. Chemosphere 72, 465-472 (2008).
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Introduction
Among the heavy metals pollutants,

Mercury is recognized as an important con-
taminant with a high toxic potential, high
bioaccumulation rates and capable to bio-
magnificate along the food web, therefore
having an efficient cycling in the environ-
ment as well as arising great environmental
concern (Rodrigues, 2003). Previous studies
had already showed that the accumulation of
the mercury organic form in organisms
increases with age and size (Rahman et al.,
1997).This element that generally present
low concentrations in the environment had
already its concentrations increased through
anthropogenic inputs (Kütter, 2006). The
high toxicity of this element, its irreversible
cumulative effect, its low excretion rates, its
insusceptibility to biodegradation and wide
dissemination could cause several damages
to the human organism (Malm et al. 1996).

Crustaceans had already been widely
used as coastal pollution indicators as well as
in the evaluation of the influence of heavy
metals in marine environment all over the
world (Firat et al., 1997).  Previous studies
had already proved that crustaceans are sen-
sible to trace elements, which could affect
their growth, reproductive cycle, nutritional
conditions, equidise, survival and feeding
rates, oxygen consumption and immune
response (Santos, 2005).

Therefore the objective of the present
study is to understand the relation between
biological parameters (sex and maturity) and
the seasonal variation of mercury distribu-
tion in a tropical marine shrimp species
(Xiphopenaeus kroyeri) from the Southeast-
ern Brazilian Coastal area.

Material and Methods
The shrimp specimens were monthly

collected between May 2006 and May 2007,

Reproductive Parameters and the Seasonal Total Mercury 
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(Xiphopenaeus Kroyeri, Heller, 1862), SE, Brazil
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Abstract
The objective of the present work was to investigate the relations of reproductive

parameters (sex and maturity) and seasonality with the accumulation of total mercury in a
tropical marine shrimp species (Xiphopenaeus kroyeri) from the north of Rio de Janeiro
State, SE, Brazil. Shrimp samples were monthly collected between and separated by sex and
maturity phases. The organisms suffer a specific strong acid digestion (method). Total mer-
cury (Hg) was analyzed in the extracts with the help of an ICP-EAS with a vapor generating
accessory (VGA 77). The studied shrimp species presented an average total Hg concentra-
tion of  0.036 µg.g-1. A significant difference was observed between the rainy (spring/sum-
mer 0.029 µg.g-1) and the dry period (autumn/winter 0.039 µg.g-1) (p<0.05). Between sex
there was no statistical significant difference observed, although a statistical significant dif-
ference was observed between the females in distinct maturation states (p<0.05), where the
mature females presented higher Hg concentrations (0.043 µg.g-1). Although the studies
with Hg in peneides area very scarce along the South Atlantic Coast the average measured
by the present study is similar to the ones described for other organisms from distinct
coastal areas of the world. The total mercury values observed in the present study was
always under the maximum values permitted for human consumption determined by
Brazilian Authorities (ANVISA, 1998), therefore there is no health risk associated with the
consumption of this species by humans populations.

Key words: mercury, shrimp, seasonality, reproductive parameters
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in the Atafona Harbor (21°37'S) at the North
of Rio de Janeiro State (figure 1). The shrimp
were collected by local fishing boats fleet
along regular fishing operations using bot-
tom trawl nets. 

These coastal region suffers the influ-
ence of the Paraíba do Sul river water dis-
charge. A medium sized river (55.000 km2
drainage basin area) that receives industrial
and urban effluents from the three most
developed states of Brazil (Sao Paulo, Rio de
Janeiro and Minas Gerais).

After sampling the organisms were
immediately placed in plastic bags, and
transported to the laboratory in ice boxes,
where the specimens were separated in cate-
gories according to its sex and stage of
gonadal development (Gonçalves, 1997).
Muscular tissue samples (approximately
1.0 g) were submitted to a strong acid diges-
tion following the procedure described by
Bastos et al., (1998). The samples were
always analyzed in triplicate with the varia-
tion coefficient between triplicates lower
than 10%. Chemical blancs were also per-
formed every twenty samples digestion to
check sample contamination. All the mercu-
ry determinations were performed with the
help of an atomic emission spectrophotome-
ter with induced coupled plasma (Varian,
model Liberty II) with a vapor generating
accessory (VGA 77, Varian).

A non-parametric Mann-Whitney
(p<0.05) was used in order to test the differ-
ence significance of the mercury concentra-
tions between the species; sex; the stage of
gonadal development and the seasonal vari-
ability.

Results and Discussion
The studied shrimp species presented

an average total Hg concentration of 0.036
µg.g-1. A significant difference was observed
between the rainy (spring/summer 0.029
µg.g-1) and the dry period (autumn/winter
0.039 µg.g-1) (p<0.05). The above men-
tioned results are in accordance with previ-
ous studies that described the total mercury
dynamics and transport in the lower Paraíba
do Sul river drainage basin as well as its estu-
arine area (Almeida et al., 2007). These
authors showed that although the total Hg
concentrations were more elevated in the
suspended particulate matter in the dry peri-
od and low river discharge, in the rainy sea-
son the dissolved total Hg was higher and an
increase in the total Hg transport to the
coastal areas was also observed. This fact is

probably explaining the higher concentra-
tions observed in the dry period on organ-
isms that lives in the coastal adjacent area. 

Figure 1. Sampling site area along the
Southeastern Brazilian Coast with the indi-
cation of the Atafona Harbor. 

There was no statistical significant dif-
ference observed between sex, although a
statistical significant difference was
observed between the females in distinct
maturation states (p<0.05), where the
mature females presented higher Hg concen-
trations (0.043 µg.g-1). Although the studies
with Hg in peneides is very scarce along the
South Atlantic Coast the average measured
by the present study is similar to the ones
described for other organisms from distinct
coastal areas of the world, as Artemesia long-
inaris (0.04 µg.g-1 p.u.) from Bahía Blanca
estuary in Argentina (Marcovecchio, 1994)
and Xiphopenaeus kroyeri (0.1 µg.g-1 p.s.)
from the California Gulf Mexico (Ruelas-
Inzunza et al., 2004).

X. kroyeri is one of the species that is
economically important for the region, and
all the analyzed samples presented total
mercury concentrations below the maxi-
mum value permitted for human consump-
tion established by the WHO and the Brazil-
ian Legislation (ANVISA, 1998) (0.5 g.g-1
w.w.). Therefore the ingestion of these
organisms represents no risk for local
human population that has these organisms
as its main protein source. 
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Introduction
Mercury is te most toxic metal. It is a

neurotoxin, leading to nervous system dam-
age, which may contribute to i.a. Alzheimer
and Parkinson diseases. In case of children ,
elevated Mercury concentrations might lead to
autism. Because of that, in second half of XX
century, mercury usage was limited, which in
turn caused remarkable decrease in mercury
emissions to the environment, including the
Baltic Sea area. According to HELCOM (Bart-
nicki et al.,. 2008), mercury input into Baltic
has decreased by 44% in late nineties.

In the previous century wastes were
delivered into the Baltic water without control,
which has caused i.a. elevated mercury levels
in sediments. Some areas of the Gulf of Gdan-
sk bottom were identified as a potential mer-
cury source for the water column (Boszke
1999; Bełdowski et al.,. 2009).  This is indicat-
ed by the large proportion of weakly bound
mercury in the sediments and nearbottom
suspended matter (Bełdowski & Pempkowiak,
2007). On the other hand, more frequent

floods arec contributing to the release of the
pollutants deposited on land in the previous
years.

The aim of this study was the estimation
of mercury abiotic transfer by making an
assessment of mercury concentrations in the
selected components of the marine environ-
ment: water, suspended matter, bottom sedi-
ments, phytobenthos, plankton, blue mussels,
fishes and seals. An attempt has been made to
estimate the mercury loading delivered by
rivers and surface runoff from the areas sub-
jected to anthropogenic activities.

Materials and Methods
Research concerning mercury concen-

tration in the marine environment has been
conducted since 2006. Samples were collected
from coastal stations located in the Gulf of
Gdansk in the Southern Baltic Sea (in Osloni-
no - located in a small bay with restricted water
exchange; Gdynia - a large harbor and city-
250 000 inhabitants), from the Open Baltic
(Leba - a background station because it is 

Mercury in the Environmental Compartments 
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Abstract
Research concerning mercury concentration in the marine environment has been con-

ducted in coastal stations located in the Gulf of Gdansk in the Southern Baltic Sea, since
2006. Mercury concentration in water varied between 1 ng/dm3 and 7 ng/dm3 and between
11 ng/g d.w and 2231 ng/g d.w in suspended particulate matter. Mercury was accumulated
mostly in muddy sediments, In mussels, the highest Hg concentration was measured in
Macoma Baltica, (mean 270 ng/g d.w). Mercury concentration in phytobenthos in the
coastal zone, varied from 0,5 ng/g d.w to 11 ng/g d.w. In planktonophagous fishes (lavaret,
sprat, herring) the highest values were measured in liver, kidney while in carnivorous (cod,
plaice, perch, flounder, turbot) in muscles. Hg concentration in seal's tissue was 10-100
times higher than in fish. The free living seals organs were characterized with several times
higher Hg concentration than those of captive seals.

Key words: mercury, water, suspended particulate matter, sediment, mussel, fish, seal
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distant from mercury sources) and from the
Gulf of Gdansk. Wet or lyophilized material
was analyzed using an AMA 254 mercury ana-
lyzer. Detection limit for solid materials was
0.005 ng/g; while for water it was as low as
0.05 ng/dm3. Quality control for solid samples
included analysis of samples in triplicate, and
analysis of certified reference materials. Aver-
age errors did not exceed 5%. Water samples
were analyzed by means of Tekran 2600 Ana-
lyzer, according to US EPA method 1631 (US
EPA, 2002). Quality control procedures for
water samples included blanks and water
spiked with mercury nitrate in the range of
0.5-25 ng.L-1, and produced adequate preci-
sion (1% RSD) and recovery (98-99%).

Results and Discussion
The highest Hg concentration was

measured in inner part of the Gulf of Gdańsk
(Osłonino-Mechelinki). Max. concentration
reached 7 ng/dm3, which was caused by the
vicinity of the sewage treatment plant and
gravel pit (atmospheric input), as well as
restricted water exchange in this part of the

Gulf (Fig. 1). In rivers the highest Hg concen-
tration was measured In the Kacza River,
which is well known from elevated metal con-
centrations (Saniewska at al., 2010).

Particulate Hg concentration in the sur-
face film was twice as high as in the water from
0.5 m. In the surface microlayer the living and
non-living organic matter accumulates, which
due to metabolism and lysis of the phy-
toneuston and bacterioneuston cells  is partial-
ly converted to dissolved organic matter. Addi-
tional loads of organic substances are trans-
ported from the land (Saniewska et al., 2010).
At the coastal stations the highest mean Hg
concentrations in suspended matter were
measured in bird's reserves. Probable source of
Hg in this region was bird's guano, where Hg
concentration reached 1 165 ng/g d.w. (Fig. 1)
At inner part of the Gulf of Gdańsk (Osłonino)
Hg(p) concentration was two times lower than
at Gdynia station (a harbor and tourist city).
Maximum concentrations of Hg in suspend-
edmatter were measured near Gdynia in Kacza
River, which is long recognized source of heavy
metals into the area. 

Figure 1. Hg concentration a) in surface water; b) in suspended particular matter at coastal
stations of the Southern Baltic Sea. 

Figure 2. Hg concentration in a) sediments; b) in mussels; c) Gammarus of Gulf of Gdansk.
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Hg transported together with suspended
matter accumulated mostly in muddy sedi-
ments, which contributed to fourfold increase
of metal concentration when compared to
sandy sediments (Fig. 2). The highest Hg con-
centration was measured in Macoma Baltica,
which is a deposit feeder (Fig. 2). Mercury con-
centration level in this organism is compara-
ble to Hg concentration in muddy sediments.
The most Hg "polluted" region was inert Gulf
of Gdańsk - Osłonino. Gammarus contained
five times more mercury than water or macro-
phytobenthos at Gdynia station (Fig. 2). Nev-
ertheles, this organisms, are characterized
with 13 times lower metal concentrations
than those found in plankton.

Macrophytobenthos, which lived in
coastal region, at sandy bottom was character-
ized with about 1,5-2 times higher Hg concen-
tration than in ambient water. Rhodophyta
characterized the highest metal concentra-
tions (Fig. 3).

In planktonophagous (lavaret, sprat,
herring) fishes contained almost two times

higher mercury concentrations in organs
responsible for detoxification (liver, pancreas,
intestine, kidney) than in carnivorous (cod,
plaice, perch, flounder, turbot) (Fig. 4). Carni-
vores were characterized with two times high-
er Hg concentrations in muscles and brain,
which is the effect of mercury biomagnifica-
tions in foodchain. Both perch's and flounder's
organs were characterized with much higher
Hg concentration during spawning. Through
spawning fishes excreted toxic mercury, which
in turn lead to several fold decrease of mercury
concentration in all organs. In cods and her-
rings such trends could not be observed.

The highest mercury concentrations
were measured in organs responsible for
detoxification: liver, spleen and kidney (Fig. 5).
The free living seals organs were characterized
with several times higher Hg concentration
than those of captive seals. The one exception
was the spleen - where Hg concentration in
seals from the sea was very low and in seals
from the aquarium up to seven times higher.

Figure 3. Hg concentration in macrophytobenthos from coastal stations of the Southern
Baltic Sea.

Figure 4. Hg concentration in carnivorous (n=70) and planktonophagous (n=30) fishes
from polish coastal zone.
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Conclusion
Mercury concentration in the water

varied between 1 ng/dm3 and 7 ng/dm3 and
between 11 ng/g d.w and 2231 ng/g d.w in
suspended particulate matter. In Gammarus
Hg concentration was about 10 ng/g d.w. Hg
was accumulated mostly in muddy sedi-
ments, which contributed to an increase up
to 440 ng/g d.w. In mussels the highest Hg
concentration was measured in Macoma
Baltica, (mean 270 ng/g d.w). Mercury con-
centration in phytobenthos in the coastal
zone, varied from 0,5 ng/g d.w to 11 ng/g d.w.
In fish's tissue mercury concentration did
not exceed 500 ng/g w.w. In plank-
tonophagous (lavaret, sprat, herring) the
highest values measured in liver, kidney
while in carnivorous (cod, plaice, perch,
flounder, turbot) in the muscles. Hg concen-
tration in seal's tissue was 10-100 times
higher than in fish. The free living seals
organs were characterized with several times
higher Hg concentration than those of cap-
tive seals.
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Abstract
Marine ecosystems are continuously exposed to high contaminant inputs, eutroph-

ication, overuse of resources and climate change. Marine organisms are threatened by
pollutants causing endocrine disruption, reproductive failure and developmental prob-
lems what is a major concern in Baltic Sea. Because of its geographic location and hydro-
logic properties Baltic is highly sensitive to the environmental impacts of human activi-
ties, mainly heavy metals which are frequent waste products of both anthropogenic and
natural processes. They can influence proper functioning of marine organisms due to
their biomagnification along the food chain. Baltic seals as the final trophic link of the
marine ecosystem can be susceptible to effect of environmental pollutants such as heavy
metals. This is due to (considerable) longevity as well as a long biological half-time of
toxin elimination. The aim of this work was to determine and compare concentrations
of heavy metals in grey seal individuals from south part of Baltic. Concentration of Cd,
Pb, Hg, Cu were determined in muscle, liver and kidney samples obtained from 9 speci-
mens incidentally caught in salmon gill nets or stranded on beach in the estuarine Pol-
ish Baltic Sea between 2006 and 2009. The final determination of all of the elements was
done on a cold vapor atomic absorption spectrometer (for Hg) and on a graphite furnace
atomic absorption spectrometer (for Cd, Pb, Cu). Elements concentration in seals' tis-
sues were in the range: for mercury - muscle (0.24-10.78 µg�g-1 dry wt), kidney (0,98-
36,0 µg�g-1 dry wt) and liver (1.34-164.28 µg�g-1 wet wt), for cadmium - muscle (0.37-
1.03 µg�g-1 dry wt), kidney (0.19-6.53 µg�g-1 dry wt) and liver (0.18-1.5 µg�g-1 dry wt),
for lead - muscle (9.14-23.79 µg�g-1 dry wt), kidney (2.35-26.07 µg�g-1 dry wt) and liver
(6.64-10.9 µg�g-1 dry wt) and for copper - muscle (2.56-9.8 µg�g-1 dry wt), kidney (7.04-
21.75 µg�g-1 dry wt) and liver (5.39-53.67 µg�g-1 dry wt). 

Key words: heavy metals, grey seal, atomic absorption spectrometry
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Introduction
Edible parts of plant may constitute a

source of heavy metals intake by human pop-
ulations. As a basis of the food chain, plants
accumulate a range of metals from soil (Inta-
wongse and Dean, 2006).  Due to that they
are the key determinant of the heavy metal
content of all living beings. 

Metal ions have to travel a long way
from the soil before they enter edible parts of
plant.  Process of biofortification of metals is
related to the soil properties, level of bioavail-
able fractions of metals as well as to the genet-
ic features of plant species, cultivars and lines. 

Barley in Poland is mainly cultivated
(Fig. 1) for grain, in food industry, and for beer
production. About 4% is used for direct
human consumption.

Figure1. Structure of barley use in Poland

According to good agriculture practices
the areas planted with barley need to be prop-
erly prepared, including fertilizer application.

Accordingly to current knowledge,
phosphate minerals may be a source of
bioavailable forms of heavy metals - lead and
cadmium (Kucharski et al.,1994; Acay and
Kolei, 2007; Grant and Sheppard, 2008).
Both elements and their compounds create a
risk for living organisms (Kabata-Pendias and
Pendias, 2001; Martelii et al. 2006; Bertin
and Averbeck , 2006).

Cadmium is known to cause cellular
damage, by binding cysteine and its deriva-
tives, displacing essential cofactors (most
notably zinc) and destroying essential mole-
cules in the cell (Palmgren et al., 2008, Hart et
al., 2005, Martinelli et al., 2006,  Martelli and
Averbach 2006. This is because, physiological
properties of cadmium (deleterious element)
mimic zinc, an essential element.  Cadmium
in soil originates from phosphate fertilizers as
well as from the industry (dry and wet metal
deposition). With the increasment of cadmi-
um concentrations in plants, the increasment
of zinc content in edible parts of plants takes
place.

Evaluation of possible and cost effective
strategies for diminishing cadmium uptake
by plant is the goal of the presented study.

Material and Methods 
Two clean soils and one medium heavy

metal contaminated were chosen for the exper-
iment. Medium contaminated site (Tab. 1)

The Prime Entry Points in Heavy Metal Uptake by Crop Plants
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Abstract
The bioavailability of heavy metals, accumulated in edible part of plants and entering the

human digestive tract is highly dependent on their chemical form (organic or inorganic com-
pounds). Physiological pathways along the food chain transport cadmium, one of the most
toxic metals. The prime entry points of this metal are located in the soil compartment and rhi-
zosphere. The behaviour of cadmium in soils depends on several factors related to both soil
and plant features.

Presented research are concentrated on reducing the heavy metal intake in the human
digestive system. Cadmium accumulation and distribution within plants is strongly affected
by the soil type and plant species/cultivar/line and varies with stages of plant development. The
easy way for diminishing the metal uptake by plant is amendment application to the soil. As
an effect, increases of biomass production as well as diminishing of metal concentrations were
observed. 

Key words: heavy metals, plant uptake, bioavailability
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was located in Bytom (15 km from Katowice)
near former lead and zinc plant. Bioavailable
forms of heavy metals were lowered by sup-
plementation of the lignite to the soil.

The pot experiment was performed in a
vegetation room, in pots (5 kg, fraction
<4 mm). Five barley cultivars, (20 seeds):
'Bażant', Carola, 'Gil', Gregor' and 'Traminer'
were investigated. The temperature, in course
of the experiment, ranged from 13 oC, during
early stages of growth, to 25 oC in the mature
phase. The humidity values were 57% and
60% for day and night, respectively. 

Sampling procedures
Soil material was taken from the area

and located as a pile. 10 subsamples were
taken from different parts of the pile and pre-
pared for analytical purpose.

Analysis
Physical and chemical soil properties

(pH, EC, organic matter, texture, total metal
concentration (aqua regia extraction) were
analysed using standard ISO methods. 

Bioavailable fraction were evaluated in
air-dried soil material, ground <0.25 mm,
extracted with 0.01 M CaCl2 (Houba et al.
1995).

Grains were dried at 70 oC. Dried mate-
rial was pulverized and wet-ashed with con-
centrated nitric acid in microwave system
(MDS 2000, CEM, USA). Concentrations of
metals were analyzed by flame atomic absorp-
tion spectrophotometer (Varian Spectra
AA300) or by inductive coupled plasma spec-
troscopy (ICP-AES) (Varian, USA).

Data was analysed using the computer
software Statistica'8. A probability of 0.05 or
less was considered to be statistically signifi-
cant.

Results and Discussion
Differences among the soils were pre-

sented in Tab. 1 (Bytom) and Tab. 2
(Żarnowiec and Tychy). Medium contaminat-
ed soil (silty loam) had neutral pH, about 3%
of organic matter, and high levels of bioavail-

able cadmium and lead (Tab. 1). Soil material
from Tychy (sandy clay) and Żarnowiec (clay)
was characterized with acidic pH and very low
metal concentration (Tab.2).

Bioavailable fractions of cadmium ranged
from 0,02 mg kg-1 up to 0,11 mg kg-1d.m. for
so call clean soils (Żarnowiec, Tychy) and
were approximately 35 mg kg-1 for contami-
nated site (Bytom).

Table 1.Phisical and chemical soil properties
(Bytom).

Bioaccumulation of metals in grains
was evaluated as a function of site location,
soil contamination and physiological fea-
tures of the plant. It is known that crop
species and cultivars differ widely in their
ability to absorb, accumulate and tolerate
cadmium (Grant et al., 2008; Clarke et al.,
2002; Miller et al., 2006). Cadmium and
zinc concentrations in grains, in winter bar-
ley cultivars related to different properties of
soil were presented on figure 2 and 3. It was
found that accumulation of metals (Cd, Zn)
depends on barley cultivar and differs with
the soil metal content. The Bazant, Carola,
Gregor and Traminer were found to accumu-
late the smallest amounts among the inves-
tigated species. Because of its physiological
features Gregor cultivar may be considered
for contaminated areas, however with earlier
metal immobilization of bioavailable forms 

Table 2. Characteristic of clean soils.
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Figure 2. Barley grain cadmium concentrations.

Figure 3. Barley grain zinc concentrations. 

Figure 4. Relationship between soil pH and cadmium grain concentration.
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of cadmium in the soil.
Low content of cadmium in aerial parts

of spring barley indicated that cadmium was
mostly retained in the roots. Probably a mech-
anism involving regulation of water content
and vacuolar sequestration of cadmium in
root cells was active, as Clemens et al. (2002)
suggested.

Obligatory, maximum level of 0,01 mg kg-1
of barley indicated that even on so called clean
soils this level may be easily exceed (Fig. 2)

Low values of lead concentration in
grains were also found, however, total content
of lead in the soil was high (about 667 mg kg-1,
(Tab. 1).

pH and content of organic mater are two
of the most important soil factors that control
cadmium availability (Barančiková et al.,
2004).

The pH values have shown significant
negative correlation with cadmium concen-
tration in grains (Fig. 4). This is valuable
information for Żarnowiec, where soil has
low values of pH (4,80±0,1) and where cadmi-
um content in barley grains exceeded the
limit value (0,01 mg kg-1 d.m.). Cadmium
concentrations in grains exceeded also the
limit value in barley grown on Tychy soil, with
neutral pH. Thus, maintaining the pH should
help in metal immobilization on investigated
soils and in lowering metal concentrations in
plant's organs.

Data analysis has also shown also a sig-
nificant negative correlation between the EC
and cadmium concentrations in grains, what
may result from the competition between
cadmium and nutrient elements.

Maintaining the pH may also help to
stabilize metals on medium contaminated
sites. Other approach may be to add reclama-
tion doses of lignite. Such approach was test-
ed on two sites (Bytom 1 and Bytom 2) with
the same type of soil and kind of contamina-
tion, but with different metal distribution
within the site. The addition of organic mat-
ter (lignite) decreased cadmium concentra-
tions in grains of some barley cultivars (Fig.4).  

It was concluded that significant
decrease of cadmium concentrations in grains
could be achieved at 12% OM content, which
would be unrealistic from economical point of
view. 

Conclusions
As it was shown, plant species and cul-

tivars play a crucial role in heavy metal
uptake and distribution within different
organs.

So called clean soils, with heavy metal
concentrations below the limits, may acti-
vate biofortification processes what lead to
accumulation of metals in edible parts of
barley. Any mechanism for increasing the
value of pH in soils leads to stabilization of
metals, preventing their uptake by plant. 

One approach to this problem is to
develop cultivars that accumulate lover lev-
els of cadmium in grains, what means a long
way ahead before implementation.

Therefore, for the time being, the phi-
losophy of avoiding the excess exposure to
cadmium from the foodstuff should be
rather directed to choose uncontaminated
soils and to maintain the stable pH value for
edible plant cultivation. 

Figure 5. Differences in cadmium concentration in grains depending on cultivars and sites
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Sorbents of Hydrotalcite Structure for Purification 
of Aqueous Media from U (VI) Species

T. Timoshenko, G. Pshinko 
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Abstract

Natural uranium is known to be heavy element, and its species are most problem
for radionuclide removal from environmental and sewage of uranium industry. The
methods usually used, such as coagulation, sorption, do not provide purification to the
set norms. In addition, some methods economic beside the purpose to use for cleaning
of large volumes of waters [1-3].

In aqueous media U (VI) preferentially presents in form of anionic complexes, due
to formation of soluble complexes with inorganic ligands (carbonate ions), and with
organic ones (humic and fulvic acids).

In present work sorbents of hydrotalcite structure with various element composi-
tion were synthesized, and then examined for their ability to purify aqueous media from
U (VI) species in thermally activated form.

The results obtained U (VI) (sorption isotherms) demonstrate that examined sor-
bents to be effective for removal of anionic form of uranium (IV).

It was investigated that complex forming ligands do not affect on rate of uranium
removal.

The results obtained permit to recommend these sorbents for effective removal U
(VI) from aqueous media of various mineral composition.

[1] Kornilovich, B. Yu., Pshinko, G.N., Koval`chuk, I. A., Radiokhimiya, 43, 464-
472 (2001) [in Russian].

[2] Kornilovich, B. Yu., Kovalchuk, I. A., Pshinko, G.N., Khimiya i Tekhnologiya
Vody, 22, 66-73 (2000) [in Russian]. 

[3] Zakutevskyy, O.I., Psareva, T.S., Strelko, V.V., Kartel N.T., Radiokhimiya, 49,
61-64 (2007) [in Russian].
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Abstract
The treatment and the industrial sewage valorization is at a time therefore a theme

carrier and unifier for the future a larger research offer and more varied. The valorization of
the dismissals became an important axis these last years, because of the regimentations and
instructions that get in place in the world for the protection of the environment. 

The environmental impact of the emissions of heavy metals present in the industrial
effluents become extensive more and more. These micro mineral pollutants are discharged
into nature thus involving risks of harmfulness with respect to the living organisms in the
recepteurs. The discharge of  toxic metals into environment is a serious problem facing
numerous industries. So the search for extraction techniques to remove those heavy metals
are increasing interest. Liquid membranes have shown great potentiel in this way especially
in cases where metal concentrations are relatively low and other techniques cannot be
applied efficiently.

The fundamental parameters influencing the transport of the zinc (II) through the liq-
uid membrane have been examined (the acidity, nature and concentration of the carriers,
the time of transportation ). In this study of the facilitated transport of zinc ions by liquid
membranes containing TBP, TOA, HDEHP as carriers.

The chemical variable exam permitted to determine the parameters giving the extrac-
tion efficiency and reextraction optimum. Some performances have been gotten so much to
the level of the extraction that of the reextraction. The coupling required a real optimization
of the set of the parameters. The symmetrical behavior of the two compartments showed
that the extraction - reextraction association permits to achieve a transportation, one  count-
er - transportation and a positive coupling. A chemical modelization has allowed to identify
the  transport mechanisms.

This lets predict an industrial application of the process and to hope for broad applica-
tions as well in the field of metalliferous processing liquid waste not very in charge as in that
of the industrial wastes. This also allows an effective protection of the environment while
being profitable. 

Key words: zinc, transport, purification, liquid membrane, wastewater.
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Abstract
Currently in the assessment of water pollution biological monitoring is frequently

utilized. In these tests are used, among others, algae and aquatic plants, which show
measurable changes in morphological, anatomical and physiological changes that occur
as a result of physical and chemical composition of the ecosystem in which they live.
These organisms are able to accumulate large amounts of pollutants, especially heavy
metals.

Our research showed that under controlled laboratory conditions, the algae Spir-
ogyra sp. absorb heavy metals proportionally to their concentration in solution. The
concentration of Cd in the algae after 30 minutes exposure in a solution of CdCl2 (cCd
= 0.005 mg dm-3), increased by 0.0164 mg (g d.m.)-1; g d.m. - gram dry mass [1]. 

The aim of present study was to evaluate the bioaccumulation of heavy metals in
algae Spirogyra sp. under natural conditions. Interpretation of the results was based on
the BCF (Bioconcentration factor) parameter [2]: BCF = cx,a/cx,w, where: x - Cd, Cu,
Fe, Mn, Pb and Zn, cx,a - concentration of heavy metals in algae [mg (g d.m.)-1], cx,w -
concentration of heavy metals in water collected at the same places where samples of
algae were taken [mg dm-3]. The values of BCF for algae were also compared with the
BCF values computed for aquatic plants: Elodea canadensis Michx. and Lemna minor L.
The metals concentration was determined using AAS technique.

In our study algae and aquatic plants collected from the Pokrzywna Forest Fishery
(south-western Poland) were used.

[1] Rajfur, M., Kłos, A. and Wacławek, M., Bioelectrochemistry, in press
(10.1016/j.bioelechem.2010.03.005).

[2] Nguyen, L.H., Leermakers, M., Elskens, M., Ridder, D.F., Doan, H.T. and
Baeyens, W., Sci. Total. Environ. 341, 211-226 (2005).
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Introduction
It has been shown that the most effi-

cient way for energy crop production is to
grow plants on medium or low quality agricul-
tural land. According to Ericsson et al.,
(2006), it is particularly true for Poland where
relatively large percentage of the total area
(59%) is occupy by agricultural land. However
in Poland arable land is also situated in con-
taminated region, unsuitable for food produc-
tion (Kucharski et al., 1994).

About 60% of total biomass used for
heating and electricity should be provided by
agriculture sector till 2014. Within the next
years, agriculture in Poland has to combine
food production on the high quality lands
with energy biomass production on barren or
contaminated lands. 

In Silesian Voivodeship, 5 to 10% of
agricultural soils are contaminated with cad-
mium, lead and zinc (Siebielec et al., 2008).
This contamination is the legacy of mining
and smelting industry of Zn, Pb and Cd ores
located in these regions (Kucharski et al.,
1994). Cultivation of energy crops on con-
taminated agricultural areas might lead to
excess of metals in plant tissues and reemis-
sions of contaminants into the atmosphere
during biomass improper combustion. Envi-
ronmental risk resulting from high content of

heavy metals (especially Cd) in combustion
residues (Dembiras, 2005) is the other issue. 

The group of energy crops have taken
into consideration in Poland includes native
and foreign species such as dendriform
species with rapid rotation (willow-Salix sp.),
perennial dicotyledonous plants (e.g. virginia
fanpetals-Sida hermaphrodita, cup plant- Sil-
phium perfoliatum) and perennial grass
species: big blustem (Andropogon gerardi),
miscanthus (Miscanthus giganteus, M. sac-
chariflorus, M. sinensis), switchgrass (Pan-
icum virgatum), reed canarygrass (Phalaris
arundinacea), eastern cordgrass (Spartina
pectinata) (Majtkowski, 2007; Abassi and
Abbassi, 2010). Among the above mentioned
plants Miscanthus sp. gives the highest crop
yield, caloric value and energy yield per
hectare (Lewandowski et al., 2000;
McKendry, 2002).

The goal of presented study was to
reveal the relation between soil contamina-
tion and heavy metals accumulation in ener-
gy crop biomass and show possible ways for
diminishing metals uptake by plants.

Materials and Methods
The experimental plot with M. gigan-

theus was performed on contaminated arable
land located in Bytom (southern part of
Poland, Silesian Voivodeship). Experimental 

How to Grow Energy Crop on Heavy Metal Contaminated Soil

M. Pogrzeba, J. Krzyżak, A. Sas-Nowosielska

Department of Environmental Biotechnology, Phytoremediation Team, Institute for
Ecology of Industrial Areas (IETU), 6 Kossutha Street, 40-833 Katowice, Poland,
mag@ietu.katowice.pl

Abstract
Usage of biomass provides the largest reduction of carbon dioxide emission when it

replaces hard coal and lignite, which are the most carbon-intensive fuels. In Poland, coal is the
dominant fuel for heat and electricity production. Replacing coal with biomass usually reduces
the emission of sulphur dioxide. Till 2014 agriculture should give 60% of total biomass used
for heating and electricity. Thus within the next years Polish agriculture has to develop coop-
eratively in scope of food production on the high quality lands and energy biomass production
on low quality lands. The limits for metal concentration in soils designated for energy crop pro-
duction and in plant biomass collected for these purpose should be a key point to consider by
the appropriate decision-makers. Identification of safe ways for crop management should also
be assessed. This includes implementation of soil remediation techniques and adequate water
supply, which is necessary for most energy crops (i.e. Miscanthus). Appropriate water supple-
mentation can be achieved using geocomposites.

The main goal of presented study was to reveal the relation between soil contamination
and heavy metals accumulation in energy crop biomass and show possible ways for diminish-
ing metals uptake by plants.

Key words: energy crops, heavy metals, Miscanthus gigantheus, geocomposites 
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plots were established in the near proximity
of a closed-down lead/zinc/cadmium ore
mining and processing plant. The metallur-
gical complex was in operation for more than
100 years and had significant impact on
local soils. Recently the land was used for
grain crops production (especially wheat
farming).

The experimental field (0,25ha) was
divided into subplots (4x4 meters) with
buffer zone of 6m. The soil was tilled to the
depth of 20 cm and 50 seedlings of Miscant-
hus sp. per subplot were planted (Figure 1). 

Figure 1. View of Miscanthus gigantheus
experimental plots in 'Bytom site'.

The experiment was performed during
three growing seasons (2007-2009). For site
characterization three composite soil sam-
ples per subplot (from the depth of 0-25cm)
were taken and analyzed. At the end of each
growing season shoot samples of Miscant-
hus sp. were collected. Due to low biomass,
shoots collected in the first growing season
were omitted during analytical process. 

To assess origin of heavy metals (plant
uptake from the soil/air deposited pollution)
plants were collected in the end of the second
and the third growing season and divided
into two parts. One part was washed in an
ultrasonic washer with tap water. The sec-
ond one remained unwashed. 

Physical and chemical soil properties
such us: granulometric analysis, pH, EC,
organic matter, total metal concentration
(aqua regia extraction) and bioavailable
metal concentration (CaCl2 extraction) were
analyzed using standard methods.

Plant samples were dried at 70 oC.
Dried plant material was digested using con-
centrated nitric acid in a microwave system
(MDS 2000, CEM, USA). Concentration of
metals both in soil and plants was measured
with flame atomic absorption spectropho-
tometry (Varian Spectra AA300) or by induc-

tively coupled plasma-atomic emission spec-
trometry (ICP-AES) (Varian, USA). Data
reported in this paper was processed using
the computer software Microsoft Excel and
Statistica for Windows (Statistica'99). A
probability of 0.05 or less was considered to
be statistically significant.

Results and Discussion
Physical and chemical soil properties

are presented in Table 1. The soil was classi-
fied as silty-clay loam. Heavy metals concen-
tration in soil exceeded Polish limits for
arable soil (Ministry of Environment, 2002).
The pH was almost neutral, followed by high
concentration of organic matter (OM) and
low electric conductivity (EC). Bioavailable
forms of cadmium were high (5.76%),
whereas bioavailability of Pb was relatively
low (0.07%; Tab.1). 

Table 1. The soil characteristic

Values represent mean of three replicates samples ± SE.
a - extraction with 0.01 M CaCl2.
b- In parentheses percentages of total metal concentra-
tion is presented.

Concentration of metals in M.gigan-
theus shoots collected in the second growing
season were in the range between 83.2 mg
kg-1 and 196.4 mg kg-1 for Pb, 2.94 mg kg-1
and 4.74 mg kg-1 for Cd and 323.7 mg kg-1
and 488.4 mg kg-1 for Zn. In the end of sec-
ond growing season metal concentrations
were two times higher then in the third (Fig 2).
It may be related to the higher level of metal
concentration in bioavailable soil fraction
when compare to the next, third growing
season.

Differences between Pb concentrations
in plant tissues resulting from direct uptake
from the soil as well as from air deposited
pollution were statistically significant (sec-
ond growing season; Fig. 2a). 
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Lead concentration in
plants was strongly influenced by
air deposited pollution and
shown about 50% increase then
when only considering uptake
from the soil. 

Correlation for cadmium
(Fig. 2b) and zinc (Fig. 2c) was not
statistically significant.

Moreover, such a high Pb
contamination within and on
plants may result in air pollution
when combusted (Pogrzeba et al.,
2010). As the solution of the
problem an appropriate soil treat-
ment for decreasing concentra-
tion of bioavailable form of met-
als should be suggested. Such
change of soil features may be
achieved by using chemical
amendments such as phosphates
(Kucharski et al., 2005, Pogrzeba,
2010; Sas-Nowosielska et al.,
2010), lime (Siebielec, 2007;
Pogrzeba, 2009) or organic mat-
ter (Pogrzeba, 2009; Krzyżak,
2010).

M. gigantheus has relatively
high water use efficiency
(Lewandowski, 2000; El Bassam,
2010) what is prerequisite for
gaining appropriate crop bio-
mass. Ongoing experiments on
developing a material to retain
rainwater in the ground may help
plants to vegetate in bad condi-
tions (Orzeszyna et al., 2006).
The water absorbing geocompos-
ites - an innovative technology to
support plant vegetation, are
evaluated due to Innovative
Economy Operational Pro-
gramme (2007-2013). The geo-
composite contains a superab-
sorbent safe for plants, which in
water environment swells and
becomes a gel.

Figure 2. Metal plant uptake vs metal plant uptake + air
deposited pollution for Miscanthus giganteus: a) Pb (mg
kg-1 d.w.); b) Cd (mg kg-1 d.w.); c) Zn (mg kg-1 d.w.).
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The geocomposites may absorb con-
taminants present in water and there is pos-
sibility to remove geocomposite- metal com-
plex from the soil. 

Conclusion
Soil amendments combined with geo-

composites may be solution to prevent heavy
metal uptake by energy crop when grown on
contaminated soil.

Suggested approach will be tested dur-
ing the project "GEOSAP - water sorbing geo-
coposites as a innovative technology sup-
porting plant vegetation", (Innovative Econ-
omy Programme 2007-2013).
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Introduction
Being predominantly the primary con-

sumers in many ecosystems, the land snails
are important link in food chains,. They are
preys for many animals like: birds, mam-
mals, frogs and invertebrates e.g. beetles.
That's why snails can be regarded as a key
component in terrestrial ecosystems and
they are very important factor in pollutants
transfer to terrestrial predators (Notten et
al., 2005). It is well known that snails can
accumulate relevant amounts of heavy met-
als in polluted environment (Laskowski and
Hopkin, 1996). The possibilities to accumu-
late heavy metals can differ among the ani-
mal organs and they are especially high in
organs with high metabolic activity e.g.
hepatopancreas and digestive tract
(Dallinger, 1993; Menta and Parisi, 2001).
The toxic effect of heavy metals appears to be
related to the production of reactive oxygen
species (ROS), which can damage tissues in
oxidative stress (Radwan et al., 2010).

Glutathione (GSH) is a major cellular
thiol, involved in detoxification processes
against the toxic effects of oxidizing agents
and also heavy metals (Canesi et al., 1999).
Glutathione S-transferase (GST) belongs to
the family of detoxifying enzymes and plays
an important role in metabolism of toxic
substances, catalysing reactions of binding
xenobiotics with GSH. GST plays an impor-
tant role in heavy metals decontamination
and was selected in our experiment, because
it may be induced also by heavy metals
(Kaaya et al., 1999).

The aim of our study was to assess the
level of selected heavy metals: Pb, Cd, Ni,
Cu, the level of glutathione and the activity
of GST in hepatopancreas, digestive tract
and foot of the land snail Cepaea nemoralis,
collected from areas located along the gradi-
ent of heavy metal pollution near Olkusz,
Poland.

The Level of Heavy Metals, Glutathione and the Activity 
of Glutathione S-transferase in Organs of Cepaea nemoralis 

(Helicidae) from Polluted Areas near Olkusz, Poland

A. Zawisza-Raszka, G. Słupik, P. Łaszczyca, A. Kafel

Departament of Animal Physiology and Ecotoxicology, Faculty of Biology and Environ-
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agnieszka.zawisza-raszka@us.edu.pl

Abstract
The concentration of heavy metals: Pb, Cd, Ni, Cu and the level of glutathione (GSH)

as well as the activity of glutathione S-transferase (GST) were analyzed in hepatopancreas,
digestive tract and foot of the snails Cepaea nemoralis. Snails are herbivorous and detritiv-
orous animals, which are an important link of heavy metal transfer through food chains.
Adult animals were collected from six sites: Bukowno (the most polluted), Bolesław, Hutki,
Klucze, located along the gradient of heavy metal pollution near Olkusz. The reference site
was Myszków. 

We noticed an elevated level of Pb in hepatopancreas of the snails from Hutki (91,5%)
and Bukowno (90%) when compared with the snails from the Myszków and also elevated
level of Cd in hepatopancreas of the snails from Bukowno (90%), Bolesław (87%) and Hutki
(80%) and in foot (96%) of the snails from Bukowno in comparison to control. Statistical
analysis concerning the level of GSH in foot and digestive tract of the snails revealed lack of
significant differences in these organs among the experimental areas. The lowest GSH level
in hepatopancreas we found in animals from the most polluted places: Bukowno and
Bolesław (c.a. 71% and 79% respectively) in comparison to control. The activity of GST was
not affected by the site factor. In conclusion we can state that apart from the changes in glu-
tathione level in hepatopancreas we did not observe the clear relationships between the con-
tamination and the level of GSH or the activity of glutathione S-transferase.

Key words: heavy metals, glutathione, glutathione S-transferase, Cepaea nemoralis,
polluted areas
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Materials and Methods
Adult snails (Cepaea nemoralis) were

collected from the sites: Bukowno (the most
polluted), Bolesław, Hutki, Klucze, located
along the gradient of heavy metal pollution
near Olkusz. The reference site was
Myszków.

Obtained from prepared on ice diges-
tive tracts medium parts of intestine and
hepatopancreas were homogenised in 0.05
M phosphate buffer (pH 7,4) using a glass-
Teflon homogeniser. Homogenates were
centrifuged at 15,000 g for 10 min at 4oC.
The supernatant was separated into two
parts: one used for GST activity determina-
tion according to the modified method of Yu
(1982), and protein concentration (Bradford,
1976) and the other used to assessed the
total glutathione content (Griffith, 1980).
The concentrations of heavy metals were
assessed by AAS method, using graphite
cuvette PU-93 090X. Data were presented as
mean values ± SD. The elimination of
extreme values was done using Q-Dixon test
(Lohninger, 1999). Statistical analyses were
calculated using Statistica (StatSoft, Inc.
(2008). STATISTICA (data analysis soft-
ware system), version 8.0.
www.statsoft.com). Statistical significance
of differences was assessed using Tukey test
as post hoc.

Results and Discussion
Land snails are commonly used as

bioindicators of heavy metals contaminated
environment (Dallinger et al., 2000). The
final amount of heavy metals in the snail's
body is resultant of such processes as:
absorption, storaging and elimination. 

We noticed an elevated level of Pb in
hepatopancreas of the snails from Hutki
(91,5%) and Bukowno (90%) when com-
pared with the snails from Myszków and
also elevated level of Cd in hepatopancreas of
the snails from Bukowno (90%), Bolesław
(87%) and Hutki (80%) and in foot (96%) of
the snails from Bukowno in comparison to
control (Tab. 1). Our results confirm that
snails are able to accumulate heavy metals in
hepatopancreas, the key organ in biotrans-
formation of xenobiotics. In land inverte-
brates digestive tract and hepatopancreas are
the first barriers against the poisoning of the
whole organism (Pawert et al., 1996). Glu-
tathione, apart from its function as a cofac-
tor for antioxidant enzymes (e.g. GST) plays
the role of main intracellular redox buffer,

protecting the cells against the damages
caused by oxidative stress (Bartosz, 2004).
This non-protein thiol is differently distrib-
uted among organs (Canesi et al., 1999). We
decided to compare the changes in GSH level
as well as GST activity in hepatopancreas,
digestive tract and foot of the snails. Howev-
er, statistical analysis concerning the level of
GSH in foot and digestive tract revealed lack
of significant differences in those organs
among the snails from the experimental
areas. The lowest GSH level in hepatopan-
creas we found in animals from the most
polluted places: Bukowno and Bolesław (c.a.
71% and 79% respectively) in comparison to
control (Tab. 2). The decrease of glutathione
level was detected also by Chandran et al.
(2005) in digestive gland and kidney of the
gastropod Achatina fulica exposed to Cd and
Zn concentrations. Researches stated, that
thiols act as binding sites for metallic salts,
leading to transport and biotransformation
of toxic heavy metals and it could be con-
nected with the decrease in glutathione con-
centrations. In our experiment the activity of
GST revealed lack of important differences
in selected organs of the snails among the
experimental sites (Tab. 3). The results of
many experiments show the increase of GST
activity in response to elevated amount of
environmental pollutants (Canesi et al.,
1999; El-Gendy et al., 2009; Li et al., 2008).
However it is not a rule. Exposure of Helix
aspersa to atmospheric naphthalene did not
changed the GST activity in the snail's
organs (Ismert, 2002). Also cadmium expo-
sure did not caused the relevant change in
GST activity in the snails Nucella lapillus
and Monodonta lineate and copper revealed
the reduction of GST activity in N. lapillus
(Cunha et al., 2007). The variations
observed in different animals may be
explained by different mechanisms of pro-
tection against the metals toxicity and ROS
such as the presence of low-molecular
weight compounds (glutathione, ascorbic
acid, α-tocopherol), the system of antioxi-
dant enzymes (glutathione S-transferase,
superoxide dismutase, catalase, glutathione
reductase or glutathione peroxidase), metal-
lothioneins and others.

In conclusion we can state that apart
from the changes in glutathione level in
hepatopancreas we did not observe the clear
relationships between the contamination
and the level of GSH or the activity of glu-
tathione S-transferase.
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Table 1. The level of heavy metals [µg/g dry mass] in organs of Cepaea nemoralis collected
from polluted areas. Different letters denote statistical differences in the same organ among
localities, different symbols denote statistical differences among organs in the same locali-
ty,* - denotes the result from one sample. 
H - hepatopancreas, D.T. - digestive tract, F - foot (ANOVA, Tukey test, p<0,05).

Table 2. The level of glutathione [µg/mg protein] in organs of Cepaea nemoralis collected
from polluted areas. Different letters denote statistical differences in the same organ among
localities (ANOVA, Tukey test, p<0,05).
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Introduction
Increase of industrialization has led to

global expansion of heavy metals, including
mercury (Hemdan, 2007) (Crespo-Lopez,
2009).

Mercury occurs in three different
forms: elementary, organic (MeHg) and inor-
ganic (mercury ions) ) (Guzzi, 2008) (Hem-
dan, 2007) (Crespo-Lopez, 2009). Sources of
potential Hg exposure include: inhalation of
Hg vapours, ingestion of contaminated
water, fishes and sea food, the production of
lamps and batteries, the mining industry,
use of amalgam fillings in dentistry  (Hem-
dan, 2007) (Crespo-Lopez, 2009).

Mercury has neuro-, geno- and
immunotoxic properties (Crespo-Lopez,
2009) (Bonacker, 2004). It can affect  cell cycle
by production of  free radicals and oxidation
stress, effecting on cariokinetic spindle micto-
tubules, disruption of DNA repair mecha-
nism as well as direct interactions with nucle-
id acids elements (Crespo-Lopez, 2009).

Mechanism responsible for immuno-
toxic activity of mercuric chloride (II) is not
precisely known. Studies have demonstrated
that mercury (through its interaction with
sulfhydryl groups on membrane proteins)
disrupts cellular signaling pathways
(McCabe, 2005) (Ziemba, 2005) (Nakashima,
1994).

The aim of this study was to investi-
gate the effect of different concentrations of
mercuric chloride (II)  upon the thymidine
incorporation. 

Methods
Heparinized samples of blood (8 ml)

were collected from healthy donors at
Regionalne Centrum Krwiodawstwa i
Krwiolecznictwa in Poznań, Poland.
100 µl/100 ml of gentamycine (SIGMA) was
addes as a preservation to Eagle's liquid
(BIOMED). Medium was later used to isolate
lymphocytes and culture growing. 

Effect of Mercury upon the Proliferation 
of Human Peripheral Lymphocytes in vitro

K. Piwecka, B. Poniedziałek, P. Rzymski, J. Karczewski, J. Żurawski, K. Wiktorowicz

Department of Biology and Environmental Protection, University of Medical Science,
Poznań, Poland, basiapon@wp.pl

Abstract
The project was aimed to investigate the effect of mercury upon the proliferation of

human peripheral lymphocytes in vitro. The lymphocytes were isolated from the blood col-
lected from healthy donors at Regionalne Centrum Krwiodawstwa i Krwiolecznictwa in Poz-
nań, Poland. For the purpose of cell culture, the lymphocyte suspension (25x104 cells/ml) in
Eagle's medium supplemented with 10% fetal calf serum was prepared. Phytohaemagglu-
tinin-L (PHA-L) was used in a concentration of 2.5 mg/ml to stimulate the cell proliferation.
Mercuric chloride (HgCl2) in four different concentrations (1 µM, 10 µM, 50 µM, 100 µM)
and [3H]-thymidine were added after 48 hours of incubation and the cell culture was contin-
ued for next 24 hours. The rate of lymphocyte proliferation was measured by [3H]-thymi-
dine incorporation method with a liquid scintillation counter. Results indicate that higher
concentrations of mercury (50 µM, 100 µM) inhibit the [3H]-thymidine incorporation of
human peripheral lymphocytes in vitro. The incorporation was lower than the control sam-
ple by 65% at concentration of 50 µM, while at concentration of 100 µM has fallen to virtu-
ally zero.

Moreover, the phase of lymphocyte proliferation cycle affected by mercuric chloride
was also investigated. For this purpose HgCl2 in 2 concentrations (10 µM,50 µM) was added
to the cell culture in 4 different timepoints: at the start of the cell culture and after 4hours,
24hours, 48hours of incubation. After 48 hours of incubation, [3H]-thymidine was added
and the cell culture was continued for further 24 hours. The rate of cell proliferation was
estimated by [3H]-thymidine incorporation using a liquid scintillation counter. The inhibi-
tion effect was observed in samples with metal added at the start of the cell culture and after
4h of incubation, meaning, at the initial phase of lymphocyte proliferation cycle.

Key words: peripheral blood lymphocytes, proliferation, zinc, heavy metals
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In order to isolate lymphocytes from
blood it was mixed with Eagle's medium in
1:1 ratio and centrifugated (25 minutes, 1750
RPM), temp 5oC) over 5 ml of Gradisol-L
(AQUA-MED). Cells were washed twice. The
lymphocyte suspension (25x104 cells/ml) in
Eagle's medium (Eagle's medium, BIOMED,
Poland) was supplemented with 10% fetal
bovine serum (Fetal Bovine Serum; SIGMA). 

To stimulate proliferation phyto-
haemagglutinin-L (PHA-L, Roche Diagnos-
tics) was used in a concentration of 2.5 µg/ml.
Cultures were incubated with CO2 incubator
(BINDER) under controlled conditions (5%
CO2, temp. 37oC humidity 95%). 

In the first part of experiment after 48h
of incubation HgCl2 (POCH SA) was added
to the culture in four different concentrations
(1 µM, 10 µM, 50 µM i 100 µM HgCl2).
Simultaneously [3H]-thymidine (Amersham)
was  added in 1 µCi/well concentration and
incubated for next 24h. 

Second part of experiment investigated
which phase of lymphocytes proliferation is
affected by HgCl2. Cultures were prepared as
above, two concentration of HgCl2 were

added (10 µM, 50 µM) in four time intervals:
at the beginning of culture (0h), after 4h, 24h
and 48h of incubation.

Following samples marks were used: K -
control, 1 - 1 µM HgCl2, 10 - 10 µM HgCl2,
50 - 50 µM HgCl2, 100 - 100 µM HgCl2.

In order to measure lymphocytes prolif-
eration, cultures were transferred by harvester
(SKATRON Instruments) on glass fiber filters
(Perkin Elmer Life and Analitical Sciences),
later placed in a scintillation cocktail. Mea-
surement of thymidine incorporation was
determined using scintillation counter
(WALLAC). Results were expressed in counts
per minute (CPM). 

Statistic analysis were determined by
Statistica 8.0 software (StatSoft, U.S.A.). Lil-
liefors test was used in order to examine nor-
mality of distribution. In first part of experi-
ment Wilcoxon signed-rank test was used to
compare control and HgCl2 affected samples.
In second part of experiment Kruskal-Wallis
one-way analysis of variance was used with
post-hoc Tukey test. P value <0,05 was con-
sidered as statistically significant.

Figure 1. Effect of mercuric chloride (II) on thymidine incorporation (samples marked as in
methodology).



694 15th ICHMET

SOIL CONTAMINATION

Results and Discussion
Mean thymidine incorporation in cul-

tures affected by mercuric chloride (II) was
lower than mean incorporation in control cul-
tures, free of mercuric chloride (II) (Fig. 1).

Statistically significant changes of
thymidine incorporation was observed within
cell cultures under effect of mercury salt in
concentrations of 50 µM  and 100 µM HgCl2
(p<0,01).

Second experiment reported decrease
of mean thymidine incorporation depending

on time of mercury addition. The sooner
mercuric chloride (II) was added the stronger
thymidine incorporation inhibition was
observed (Fig. 2).

Samples with metal added at the start
of the cell culture (0h) have shown decrease
of  mean thymidine incorporation to 69%
(10 µM) and 0,1% (50 µM).  Values of incor-
poration in next time intervals shaped as fol-
lows: 4h: 76% (10 µM) 9% (50 µM); 24h:
97% (10 µM)  38% (50 µM) and 48h: 99%
(10 µM) 60% (50 µM).

Figure 2. Effect of mercuric chloride (II) thymidine incorporation (samples marked as in
methodology).

Table 1. Comparison of thymidine incorporation in control and in researched samples
dependent on time of HgCl2 addition (statistically significant results were bolded, ns - sta-
tistically insignificant. 
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Also, it was demonstrated that only 50
µM concentrations of HgCl2 affected thymi-
dine incorporation statistically significantly
(Tab. 2). 

Mercuric chloride (II) has considerable
effect on thymidine incorporation. It differs
depending on metal concentration and time
of  its addition to cell culture. In presented
investigation decrease of mean thymidine
incorporation under mercuric chloride (II)
activity was demonstrated. 50 µM and 100
µM concentrations inhibits incorporation
most significantly. We also demonstrated that
effect of mercury is strongest at initial phases
of cell cycle - between G1 and S phases. 

Basing on statistic analysis cytotoxic
impact of high mercury concentrations can
be concluded.

Negative effect of mercury salt on cell's
immune system was widely described in sci-
ence although origins of disruption mecha-
nism were not clearly demonstrated. Ben-
Ozer observations showed inhibitory effect
of high mercury concentratios on prolifera-
tion of human immune system cells.  Fol-
lowing concentrations of HgCl2 were inves-
tigated: 0,1; 0,5; 1; 5; 10; 50; 100 µM. 50 µM
and 100 µM concentrations decreased prolif-
eration to 5% level. In lower concentration
decreasing effect was not observed (Ben-
Ozer, 2000). Our research confirms these
conclusions. Ben-Ozer investigation also
demonstrated that DNA damages emerge
under mercury doses acknowledged as non-
toxic for cells (concentrations below 10 µM).
It was proposed that cell's DNA damages can
be caused by factors independent of apopto-
sis - production of free oxygen radicals (ROS)
or reactive oxygen metabolites (ROM)  (Ben-
Ozer, 2000). It can lead to increase of chro-
mosome aberrations (Verschaeve, 1984,
1985) (Ogura, 1996) and formation of oxida-
tion stress that causes increase of 8-hydroxy-
deoxyguanosine (Ogura, 1996).
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Abstract

Several task specific ionic liquids incorporating the thiourea functionality [1] have
been synthesized. For this purpose the elected functionality was covalently tethered
onto the pyridine-core containing cation. Therefore a novel synthetic route was devel-
oped. The hydrophobicity of the resulting task specific ionic liquids was introduced by
the anion bis(trifluoromethane)sulfonimide. The synthesized ionic liquids were evalu-
ated for the uptake of heavy metals like platinum, mercury, cadmium and copper from
aqueous solutions. Crystal structures of ionic liquid precursors as well as of metal com-
plexes formed between task specific ionic liquids and selected heavy metals are present-
ed. In order to evaluate the task specificity of the prepared functionalized ionic liquids
for heavy metals from aquatic environments, their extraction ability towards alkali and
earth alkali elements sodium, potassium, calcium and magnesium was determined.
Because even hydrophobic ionic liquids offer a distinct remaining water miscibility, the
water content of the synthesized ionic liquids was measured directly after drying and at
water saturation. Further, the leachability of the cations as well as of the anions into the
aqueous phase was investigated to estimate possible environmental risks. In order to
enable the selective enrichment of toxic and/or valuable metals from the water matrix
as well as a possible reuse of the evaluated task specific ionic liquids, different stripping
agents for heavy metals from the metal-loaded ionic liquids were extensively examined.

[1] Visser, A. E., Swatloski, R. P., Reichert, W. M., Mayton, R., Sheff, S., Wierzbic-
ki, A., Davis, J. H. Jr., and Rogers, R. D., Environ. Sci. Technol. 36, 2523-2529 (2002).
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Introduction 
Metals are natural constituents in

nature. In fact, during the last few decades,
industrial and urban activities have con-
tributed to the increase of metals contami-
nation into marine environment (Ahdy and
Khaled 2009). Water ecosystems are very
complex structures. The biological activity
of algae also affects metal binding forms in
the water (Szarek-Gwiazda 1998). Heavy
metal concentrations in sediments, which is
essential to the functioning of aquatic
ecosystems, are many times greater than the
same metals in the water column (Ünlü et
al., 2008, Loska et al., 1994). High concen-
trations of heavy metals in bottom sedi-
ments have a negative effect on biological
components (Tautkus et al., 2007), but not
all of adsorbed pollutants are readily avail-
able for aquatic organisms. The variation
of some physical and chemical characteris-
tics (pH, salinity, content of organic matter)
of the overlying water may provoke the
release of the metals back to the aqueous
phase, hence under changing environmental
conditions sediments become important
pollution sources themselves (Ahdy and
Khaled 2009). Moreover hydrobiological
properties of the reservoir lead to intensive
waves, strong current and the mixing of

water with the sediment (Bartoszek  et al.,
2010; Czaplicka-Kotas et al., 2005). Thus,
environmental protection requires a con-
stant analytical control, not only of waters
but also of bottom sediments in a region of
high industrial development and great popu-
lation density such as Goczałkowice Reser-
voir. 

The aim of this study was to assess the
level of metal concentrations (Ni, Cr, Zn,
Cu, Pb, Cd and Fe) in surface sediments
from Goczałkowice Reservoir, located in
southern part of Poland and their seasonal
changes, using ICP-AES. Moreover, the
present study seeks to describe how the dis-
tribution of phosphorus was related to the
presence of trace metals in discus sediments. 

Materials and Methods
Goczałkowice Reservoir (Fig. 1.) (49°56’

N, 18°53’ E) is the biggest reservoir located
in the south part of Poland. Reservoir has a
surface area of 32 km2 and a maximum
depth of 14 m, with an average depth of 5 m.
Its principal function is to supply drinking
water as well as water for industrial use for
the urbanagglomeration of Silesia. It was
constructed by damming the River Vistula,
67 km from its source, in the period 1950 -
1956.

An Assessment of Heavy Metals Pollution with Interactions
Between Phosphorus and Heavy Metals in Bottom Sediments 

from Goczałkowice Reservoir

N. Młynarczyk1, M. Bartoszek1, J. Polak1, A. Kos1, I. Czopek1, J. Płoszaj2, W. W. Sułkowski1

1Department of Environmental Chemistry and Technology, Institute of Chemistry,
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2Department of Solid State Physics, August Chełkowski Institute of Physics, Univer-
sity of Silesia, Uniwersytecka 4, 40-007, KATOWICE (Poland), jploszaj@us.edu.pl.

Abstract
The accumulation of metal contaminants in sediments can pose serious environmen-

tal problems to the surrounding areas. Even trace metal contamination in sediment may
affect the water quality and the bio-assimilation and bioaccumulation of metals in aquatic
organisms, which can result in potential long-term implications on human health and
ecosystem (Ong and Kamaruzzaman 2009). The Goczałkowice Dam Reservoir receives the
input of heavy metals mainly from industrial activity of Upper Silesia District and addition-
ally it is received from urban runoff, sewage wastes, agriculture and atmospheric deposi-
tions. Distribution of seven heavy metals: Ni, Cr, Zn, Cu, Pb, Cd and Fe in the bottom sed-
iments collected seasonally from Goczałkowice Dam Reservoir, were investigated using
ICP-AES after extraction in boiling HCl and HNO3. The content of phosphorus compounds
in sediments was examined, and interactions between this nutrient and heavy metals were
defined. The presence of transition metals was further confirmed by EPR spectroscopy.

Key words: heavy metals, phosphorus, bottom sediments, Goczałkowice Reservoir, ICP-AES
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Figure 1. Schematic map with marked points of
sampling studied in the Goczalkowice Reservoir

Samples of bottom sediments were col-
lected in April, August and November 2009
from four places at the Goczałkowice Reser-
voir to determine environmental changes
between the seasons of the year. Samples were
taken from the water-sediment interface: 1-
centre of reservoir,  2-shallow waters 1000, 3-
backwater, 4-water intake “Goczałkowice".
Sediments were taken using a stainless sedi-
ment grab. Those samples were collected in
such a way to provide representativeness and
variability in the lake catchment area. 

First samples were air-dried for 3 weeks
at 21 °C and ground in a porcelain mortar for
homogenization, than sieved through 250
µm metal sieve. The organic matter content
was estimated by loss on ignition (LOI) to
constant mass, after heating at 550 °C for 5
h. Total nitrogen (TN) in bottom sediments
were measured using BÜCHI Digestion
Unit 426 and BÜCHI Distillation Unit B-
323 according to Kjeldahl's method. Granu-
lometric analysis of the sediments was car-
ried out by Prószyński method. Total phos-
phorus (TP) was determined spectrophoto-
metrically at 390 nm after boiling the 1 g of
sample in a solution of 10 M  HClO4 and10
M H2SO4 (Aydin et al., 2009; Graca and
Bolałek 1998). The extracts were centrifuged
and the supernatants were filtered through
0.45 µm GF/C filter membrane.

Table 1. Heavy metals concentrations (µg g-1)
in reference materials analyzed together with
sediment samples 

For solution ICP-AES solid samples
must first be extracted. The samples of bot-
tom sediments (0,5 g) were dissolved in 10
ml of a mixture of concentrated HCl and
HNO3 (3:1) and boiling for about 5 hours.
After cooling the solutions they were filtered
and diluted to 50 mL with MilliQ water and
analyzed with a Varian model Liberty 220
Inductively Coupled Plasma-Atomic Emis-
sion Spectrometer (ICP-AES). Certified ref-
erence standard soil, ISE 97.2 from the
Department of Soil Science and Plant Nutri-
tion Wageningen Agricultural University,
the Netherlands, was used to the analytical
and instrument accuracy of the methods.
Certified values and values found in bottom
sediment samples are shown in Table 1. 

Results and Discussion
The results indicated that the bottom

sediment texture, content of organic matter,
content of TP and TN was different for four
sites of Goczałkowice Reservoir (Table 2). It
seems that the quality and the quantity of
phosphorus, nitrogen and LOI in the bottom
sediment of the Goczałkowice Reservoir
depends significantly on the kind of the
received sediment, especially its granulation,
sorptive properties and the strength  of the
bond by the sediment matrix. Similarly it is
well known that the heavy metals concentra-
tions in sediment sample decrease with the
increase of grain size, therefore larger particles
have a dilution effect on metal concentrations
(Ünlü et al., 2007, Kruopiene 2007). 

Seven heavy metals were detected
in sediment samples. The various heavy
metal follow the order:
Fe>Zn>Cu>Pb>Cr>Ni>Cd. The ranges
for investigated trace metals were on average:
135,33 (µg g-1) Zn; 31,85 (µg g-1) Cu; 31,71
(µg g-1) Pb; 28,93(µg g-1) Cr; 18,49(µg g-1) Ni;
1,14(µg g-1) Cd and 16,75 mg g-1 Fe
(Table 3). The highest concentrations
occurred in centre of reservoir (station 1) for
Ni, Cr, Cu, Pb and in the backwater (station
3) for Zn and Cd. The lowest concentrations
of examined metals are in station 2 - shallow
waters. The mean concentration of organic
matter (%) was highest for samples collected
in the station 3 (9,46 ), lower in samples col-
lected from station 1 (6,87), 4 (6,3) and lowest
in samples collected from station 2 calls shal-
low waters (4,0 ).The concentration of Cd,
one of the most toxic heavy metal, varied
from 0,18-2,76 µg g-1 dry weight, and as com-
pared to spring Cd concentrations higher in 
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autumn. A similar tendency is characteristic
for Cu and Zn, while the highest concentra-
tions of Pb, Cr, Ni were in the spring season.
Moreover, particulate Fe concentration in the
sediments increased after a phytoplankton
bloom during the summer season.

The chemical contamination in the sed-
iments was evaluated by comparison with the
sediment quality guideline proposed by EPA.
These criteria are shown in Table 4. Stations
1, 3, 4 are considered as moderately polluted
by Cd, Cr, Ni, Pb and heavily polluted by Cu.
Sediments from station 2 in whole reservoir
belong to unpolluted. 

Strong positive correlation was observed
between phosphorus and Fe (r=0,89), Cr
(r=0,88), Zn (r=0,87) and Ni (r=0,77). These
metals were also positively correlated with %
of LOI. Rest of metals were also positively cor-
related to phosphorus, but not that significant.

The presence of transition metals was
further confirmed by EPR spectroscopy (Fig. 2).
Spectra of bottom sediment exhibits narrow
lines from free radicals, and broad lines from
transition metals.

Table 4. EPA (Environmental Protection
Agency) guidelines for sediments

Table 2. Locations, sediment type and chemical compositions of the investigated bottom
sediments. 

Table 3. Heavy metals concentrations extracted from bottom sediment.
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On EPR spectra of bottom sediments at
the Goczałkowice Reservoir the broad lines
of the paramagnetic metal ions (eg. Fe3+,
Mn2+, Cu2+) are observed (Fig. 2). Reso-
nance at g=4.2-4.3 is ascribed to high spin
Fe3+ ions, especially connected with humic
substances in complexes having the structure
of a rhombus, deformed tetrahedron or octa-
hedron (Pajączkowska et al., 2003). The broad
signal at g=2 may indicate not only the pres-
ence of Fe3+ but also the presence of other
transition metals such as Mn2+ and Cu2+ .

Figure 2. EPR spectrum of bottom sediment
from Goczałkowice Reservoir. 

Conclusions
Geochemical study of bottom sediments

from Goczałkowice Reservoir indicates that
the texture of the sediments varies consider-
ably in the study area from dust and clay dust
to loamy sand. The geochemical distribution
patterns of various elements eg. heavy metals,
in the study area indicate that the texture of
the sediments is the major controlling factor
on sediment geochemistry. The higher con-
centration in the fine sediments is due to the
increase in specific surface area and to the sur-
face properties of clay minerals (Shajan 2001).
Other possible factors include organic matter
content. Heavy metal distribution in that
areas shows that for the metals Cd, Cr, Ni, and
Pb values are quite low and characteristic of a
moderately polluted zone. Only for Cu it will
be heavily polluted area. 
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Abstract
The investigation was carried out on forest soils collected from areas subject to variable

pollution. The fraction of strontium was analyzed in soil samples from north-eastern
Poland, treated as a non-polluted region (natural background) and in soil samples from cen-
tral and south-western Poland. The sequential extraction procedure was applied in this
study to separate the fractions of strontium. Five fractions were analyzed in every genetic
horizon according to the Tessier method. The sum of bio-available fractions was calculated
to assess the potential risk posed by strontium. The concentration of strontium was also
analyzed in the plants. Both results were compared in order to evaluate the bioavailability of
the trace element in the environment. The content, distribution and mobility of the stron-
tium fractions were investigated with particular emphasis on the contaminated test sites. 

Strontium was noted mainly in the water soluble plus exchangeable fraction and its
amount reached about 50% in all soil organic horizons. In the organic-mineral horizons,
strontium occurred mostly in the residual fraction. A higher content of bioavailable frac-
tions was observed in the organic-mineral horizons regardless their location. In the horizons
connected with the parent rock, the strontium fractions occurred mainly in the residual frac-
tion and represented more than 90% of the total strontium content. A significant content of
the element in the potentially available fractions poses risk to plants, animals and water. It
is also dependent on the soil type, region and the physico-chemical characteristics of the
soils.

Key words: bioaccumulation, fractions, heavy metals, strontium, Tessier's method
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Introduction
Metals are perceived as pollution but

they are also natural substances in environ-
ment. Metals get into the water environ-
ment from atmosphere as a result heavy
rainfall or snowfall. They are often leaches
from rocks or soils. Among pollution the
most durable are heavy metals. Their con-
tents in water environment components is
very divers, but the biggest of heavy metals
contents are in suspension (about 80%),
while the littlest are in water (Rabajczyk and
Sykała, 2009). The surface water environ-
ment is under the influence of continuous
industrial pressure. Therefore it is necessary
to mark various metal forms present in each
of the elements of the water ecosystem.

Most of the reactions that happen in
the water occur on an interfacial limit solid
phase -solution. Some of the metals, as a few
of the inorganic compounds have strong
adsorption properties. They are stopped on
an interface, on the surface of particles and
on other solid bodies that are in the water.
That is why the amount of metals becomes
smaller and smaller in the chain of suspen-
sion - sediment - water (Luck et al., 2008;
Saeedi et al., 2004).

Materials and Method
The research area involves the Bobrza

River, which is a right inflow of the Czarna
Nida River. This area is located in the west-
ern region of Świętokrzyskie Mountains, on

the premises of the Chęcińskie Hills, build
of the limes and the dolostones from the
middle-devon period. Research was carried
out in three areas:

- Spring of the Bobrza River (lst point),
- Białogon - an acidic environment,

the influence of Kielecka Pomp Company,
Formaster Company C.A., roads transport
(2nd point),

- Sitkowka - Nowiny - an alkaline
emdronment, the influence of "Nowiny"
Company and ZCW "Trzuskawica Company
C.A. (3rd point) (Rabajczyk and Sykała,
2009).

The material for research consisted of
the water samples from the Bobrza River
taken from the shore zone in 3 measurement
points. The indicators of the quality of the
water were defined, such as the pH value, the
conductivity, the heavy metals content (Cd,
Cu, Cr, Fe, Mn, Ni, Zn and Pb) in water, sus-
pended matter samples as well as in sedi-
ments.

The pH value and the conductivity
were estimated by using CX-701 Elmetron.
The next phase was mineralization of the
samples, supported by a microwave radia-
tion by means of Anton-Paar PE Multiwave
3000. Cooled solutions were transferred to
100 ml volumetric flasks and diluted to vol-
ume with ultrapure water. All reagents and
acids were suprapure or of pro-analysis qual-
ity. The water samples from the Bobrza River
were filtered (< 0.45 µm), the particulate 

Influence of Land Development on the Heavy Metals Forms in
Bobrza River Ecosystem (Swietokrzyskie Province, Poland)

A. Rabajczyk

Independent Department of Environment Protection and Modelling, The Jan
Kochanowski University of Humanities and Sciences in Kielce, Poland,
chromium@tlen.pl

Abstract
The study presents results of analyses of bottom deposits and water of the Bobrza River

for Cd, Cu, Cr, Fe, Mn, Ni, Zn and Pb. The material for research consisted of the water and
sediments samples from the Bobrza River taken from the shore zone in 3 measurement
points: the source - natural environment, Białogon - acidic environment, and Sitkówka -
Nowiny - alkaline environment. The indicators of the quality of the samples were defined,
such as the pH value, the conductivity, the heavy metals content in water and in suspended
matter sample, as well as metals in river sediment. Concentration of analytes in water sam-
ples and in obtained extracts was determined using F-AAS and GF-AAS method. The
results received indicate the relationship between the area management and the degree of
bounding the metals by suspended matters and the content in river sediments.

Key words: river development, heavy metals, SPM, sediments, water
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matter (SPM) was separated. Filtered materi-
als obtained by filtering the water, were dried
at 100 °C to a constant dry weight and
stored. SPM samples were digested with con-
centrated ultra pure nitric acid in a
microwave oven (Anton-Paar PE Multiwave
3000) and stored until analysis. 

The sediment samples were sieved,
then dried at a suitable temperature to pre-
vent the growth of mould and micro-organ-
isms, which would redistribute chemical
components, thus altering the composition
of the material. After being coning and quar-
tering, the dried samples were ground in an
automatic agate mortar to a grain size of <
100 µm. This sediment material was digest-
ed with conc. HNO3 in a microwave oven
(Anton-Paar PE Multiwave 3000) and stored
until analysis.

Analysis of metals (Cd, Cu, Cr, Fe,
Mn, Ni, Zn and Pb) were carried out using
Atomic Absorption Spectrometry (AAS) -
Savanta made by GBC equipped in a flame
(air - acetylene) and graphite dish. Analytical
blanks were run in the same way as the sam-
ples and concentrations were determined
using standard solutions prepared in the
same acid matrix. 

Results and Discussion
The water samples were taken from

the Bobrza River within the space of 2 years
(April 2009-April 2010) from three meas-
urement points with different management
area. Between lst and 3rd measurement
points, the Bobrza River crosses the E74
Kielce -Piotrków Trybunalski motorway and
the E77 (7) Warszawa - Kielce - Kraków
motorway. The system of the roads is com-
pleted by a net of major and minor roads and
a Kielce-Kraków railroad, which runs along
the river up to its mouth. Additionally, on
the way, waters of the Bobrza River are sup-
plied by a lot of inflows such as Babia, Ciem-
nica, Sufraganiec and Silnica. They imple-
ment additional organic and inorganic pollu-
tants, coming inter alia from the municipal
treatment plant. 

The concentration of the heavy metals
was estimated and marked in all the samples
from the Bobrza River after separating the
SPM. The SPM consists of inorganic, organ-
ic and biological matter. The quantity of the
suspended matters varies in the samples
from 24.24 to 56.88 [mg dm-3] while the pH
value oscillates from 5.5 to 8.7. The conduc-
tivity varies from 32.0 to 677.0 [µS cm-1].

The total concentration of the heavy metals
in the water samples from the Bobrza River
was measured with the wider-range scale
[mg dm-3]: from 0.10 to 1.64 for Cd; from
0.025 to 0. 098 for Cu; from 2.67 to 8.55 for
Cr; from 0.402 to 3.896 for Fe; from 0.034 to
0.158 for Mn; from 1.39 to 8.99 for Ni; from
6.62 to 30.11 for Pb and from 0.024 to 0.081
for Zn.

According to the literature, a larger
amount of the suspensions adsorbs most of
the metals and consequently there are only
small remains in the form of free ions. This
is the case as far as Fe, Ni, Pb and Zn are con-
cerned (respectively: ~85%, 24%, 59 % and
47%) , which have in the 2nd ppk, where the
largest amount of suspension was also
noticed (49.05 mg dm-3). In case of Cr and
Mn the highest bond degree was noticed in
lst and 2nd ppk  (~51%), whilst for Cd and
Cu in the source of the river (~16%). The
lowest bond degree was for Fe, Ni, Pb in the
lst  ppk (respectively: ~50%, 14% and 18%) ,
whereas for Cd in the 2nd and 3rd ppk
(~9%). For Cr, Mn, Cu and Zn in the 3rd ppk
(~ 10-11%).

The extremely rich diversity of physi-
co-chemical and biological processes taking
place in surface waters means that precipita-
tion and sedimentation are usually the dom-
inant processes, causing heavy metals to
accumulate in the bottom sediments. Sorp-
tion diminishes the content of organic and
inorganic compounds in the water. Metal
contamination in the Bobrza River sedi-
ments has been assessed for Cd, Fe, Cu, Mn,
Ni, Zn, Cr and Pb. The mean concentration
levels of heavy metals in sediments of all the
locations are higher than the background
values. The total concentration of the heavy
metals in the sediment samples from  the
Bobrza River was measured with the wider-
range scale [mg kg-1]: from 0.032 to 0.514
for Cd; from 0.102 to 12.81 for Cu; from
3.112 to 87.05 for Cr; from 78.41 to 939.8
for Fe; from 77,04 to 728,9 for Mn; from
1.22 to 83.71 for Ni; from 25.60 to 544.1 for
Pb and from 12.24 to 181,51 for Zn.

Conclusion
1. In the river system, water and sus-

pended matter are responsible for metal
transport. It is evident from our calculations
that Cr, Zn, Ni, Mn and Cd were mainly
transported by river water, while Pb, Cu and
Fe by river suspended matter.
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2. A larger amount of the suspensions
adsorbs most of the metals and consequent-
ly there are only small remains in the form of
free ions only for Pb, Cu and Zn.

3. Heavy metal contents of 2nd and 3rd
points of the Bobrza river (water, SPM and
sediment) were slightly high as compared to
heavy metal contents of 1st point. 

4. The various bond degrees between
the particular metals, the suspended matter
and sediments depends not only on the
quantity of suspended matters but also on
the pH value of the environment, the salini-
ty and the properties of the heavy metals, as
well as the land development.
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Introduction
Soil microbial parameters are influ-

enced by external biotic and abiotic factors.
Soil chemistry and vegetation seem to be
important determinants of structure and
function of soil microbial communities
(Rodríguez-Loinaz et al., 2008, Mitchell et
al., 2010). The relationships between soil,
plants and microorganisms are neither uni-
directional nor simple. Soil properties such
as texture, fertility or acidity affect both
microbial and plant communities. Similarly,
both soil chemistry and microorganisms are
influenced by composition and diversity of
plant communities due to provision of litter
and root exudates. These relationships are
even more complicated in metal-polluted
environments because not only soil proper-

ties, but also plants modify the toxicity of
metals to microorganisms (Yang et al.,
2007). The aim of our study was to assess
the significance of metal pollution and other
soil physicochemical properties as well as
diversity and cover of herbaceous plants as
determinants of activity and diversity of het-
erotrophic culturable soil bacterial and fun-
gal communities.

Materials and Methods
The study was performed in 21 Scots

pine forests and 28 grasslands located in the
area contaminated by mining and smelting
of Zn-Pb ores near Olkusz (southern
Poland). The research area is highly hetero-
geneous and encompasses both nutrient-
poor sands as well as fertile but heavily 
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Abstract
The aim of the study was to compare the influence of metal pollution, soil physico-

chemical properties as well as diversity and cover of herbaceous plants on culturable het-
erotrophic bacterial and fungal communities in forested and non-forested areas. The study
was performed in 21 pine forests and 28 grasslands located in the area contaminated by min-
ing and smelting of Zn-Pb ores (the Olkusz Ore Region, southern Poland). In all sites 26 soil
physicochemical properties were measured, i.e. content of sand, silt, clay, total (t) C, N, S,
P, Ca, Mg, K, Fe, Mn, Zn, Pb, Cd, organic (org) C, exchangeable (ex) P, Ca, Mg, K, Zn, Cd,
water-soluble (ws) Zn, Pb, Cd and pH. Functional abilities of bacterial and fungal commu-
nities were assessed with Biolog GN2 and SFN2 plates, respectively. Diversity (H'plant) and
cover (Cov) of herbaceous plants were also determined. All physicochemical and plant vari-
ables were subjected to factor analysis and 5 factors obtained were further used in a multiple
regression as independent variables. Factor 3 (related mainly to Mgex, Caex, Kex, Corg and
Nt) was the most important determinant of both bacterial and fungal performance in forests
as well as grassland areas. In both site types a positive effect of factor 4 (H'plant) on bacteri-
al, but not fungal communities was observed. Factor 5 (Pbws, Cdws, Znws) influenced only
fungal communities, and the effect was positive. Factor 1 (Znt, Cdt, Fet, Pbt, Mnt, pH)
exhibited a negative influence on bacteria in grassland sites. Fungi were affected positively
in forested sites by this factor.

Key words: metal pollution, soil properties, diversity, plants, soil microorganisms,
Biolog plates
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contaminated calcareous substrate (mining
waste). Three samples of soil mineral layer
were collected at each site, mixed and sieved
(2 mm mesh). Twenty six soil physicochem-
ical properties were measured, i.e. content of
sand, silt, clay (determined by a combination
of sieving and sedimentation), total (t) C, S
(dry combustion technique with a LECO SC-
144DRPC analyzer), N (Kjeldahl digestion
using a Foss Tecator Kjeltec 2300), P, Ca,
Mg, K, Fe, Mn, Zn, Pb, Cd (digestion in
HClO4; atomic absorption spectrometry,
AAS), organic (org) C, exchangeable (ex) Ca,
Mg, K, Zn, Cd (extraction in BaCl2; AAS),
available (av) P (Mehlich's or Olsen method),
water-soluble (ws) Zn, Pb, Cd (extraction in
H2O; AAS) and pH. 

Activity, functional diversity and rich-
ness of microbial communities were esti-
mated with Biolog GN2 (bacteria) or Biolog
SFN2 plates (fungi). Both plate types provide
95 sole carbon substrates for microorgan-
isms in wells. After shaking of soil in 0.9 %
NaCl (bacteria) or in 0.1 % agar + 0.04 %
Tween 80 water solution (fungi) the soil
extracts were inoculated into the plate wells.
Bacterial and fungal utilization of substrates
was measured with a spectrometer. The
herbaceous plant species were recorded on a
4 m2 plot located within each research area.
Diversity of plant and functional diversity of
microbial communities was expressed as
Shannon-Wiener's diversity index. Func-
tional richness equalled to number of sub-
strates utilized on plates. Data were trans-
formed if needed to obtain a normal distribu-
tion. Physicochemical and plant data were
subjected to factor analysis (varimax rota-
tion) and factors were further used in multi-
ple regression (backward variable selection)
as independent variables. 

Results and Discussion
Five factors with eigenvalues > 1 were

extracted in factor analysis (Table 1). The
whole model accounted for 77 % of the vari-
ation in the data. Factor 1explained the
largest portion of variance (46.7 %) and had
the highest loadings on total Zn, Cd, Fe, Pb
and base cations concentrations as well as
pH. The factor was probably related to a sub-
soil type (highly contaminated and basic
mining waste vs less contaminated and
more acidic sand). Silt, sand, available P and
plant cover had the highest loadings on the
factor 2 that was interpreted as soil texture.
Factor 3 was dominated by exchangeable

Mg, Ca, K, Corg, Nt and Ct, while plant
diversity, clay and exchangeable Zn content
contributed the most to factor 4. Finally, fac-
tor 5 had the highest loadings on water solu-
ble metal concentrations as well as organic
carbon. 

Factor 3, related mainly to exchange-
able Mg, Ca and K, but also C and total N
was significantly and positively correlated
with both bacterial and fungal diversity,
richness and activity in grassland and forest
soils (p < 0.05). Thus, soil fertility was the
most important determinant of bacterial and
fungal performance in both ecosystem types
(Table 2). 

Metals affected negatively only bacteri-
al, but not fungal communities and only in
grassland soils, as factor 1 was significantly
and negatively correlated to bacterial activity
(p < 0.05). Fungal communities were signif-
icantly and positively affected by factor 1
(total metal concentrations) and factor 5
(water-soluble metal concentrations). Rela-
tionships between factor 5 and fungal
parameters were strong in grasslands
(p < 0.05), while being relatively weak in
forests (for diversity and activity p < 0.1). It
is known, that fungi are more resistant to
metal pollution that bacteria (Rajapaksha et
al., 2004, Stefanowicz et al., 2008). Positive
relationship between metals and fungal
communities may result from the lack of
metal effect on fungi and, additionally, low-
ered competition between bacteria (adverse-
ly affected by metals) and fungi in polluted
sites. In field studies, however, it cannot be
excluded that other factors correlated to pol-
lution influence a given microbial parame-
ter. In this case, organic carbon exhibited rel-
atively high loading in Factor 5 (Table 1) and
could be the reason of positive correlation
between factor 5 and fungal performance. 

Diversity of bacterial communities
(factor 4) was positively correlated with
diversity of herbaceous plants in both grass-
land and forest ecosystems. This relation-
ship was much weaker in forests (p < 0.1)
than in grasslands. Similar correlations
between diversity of plant and bacterial com-
munities were also found by Stephan et al.
(2000). It was expected because more diverse
plant communities result in more diversified
substrate input to soil in the form of litter
and root exudates. Surprisingly, no such
relationship was found for fungal communi-
ties. Contrary to bacteria, fungi are known to
dominate decomposition processes of more 
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recalcitrant substrates so one may expect
that they should be connected with woody or
waxy material originating from e.g. pine
wood or needles. Inclusion of shrubs and
trees in analyses should make the analysis of
plant-microbial interactions more clear.
Although plant diversity had the highest

loading on factor 4, clay and exchangeable Zn
also contributed much to this factor (Znex
had a negative loading; Table 1). In such a
case positive influence of clay and negative of
exchangeable Zn could not be entirely sepa-
rated from plant diversity effects.

Table 1. Results of factor analysis performed on soil physicochemical and plant data.
Percent of variance explained by each factor is given in parentheses.
Factors with eigenvalues > 1 and loadings > 0.5 are presented.
t - total, ex - exchangeable, av - available, Cov - plant cover, H'plant - plant diversity (Shannon-
Wiener's index)
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Generally, the relationships between
independent variables and microbial parame-
ters were much stronger for grassland than
for forested sites and models explained from
48 (fungal diversity) to 69 % of variance in
the data (bacterial activity). In case of forest-
ed sites the values were from 31 (bacterial
diversity) to 43 % (fungal activity). 

Conclusion
Soil fertility, related mainly to

exchangeable Mg, Ca and K, but also total and
organic C as well as total N had the strongest
effect on bacterial and fungal parameters in
grassland and forest soils. Plant diversity was
a second important factor determining bacte-
rial, but not fungal communities in both
ecosystem types, although the relationship
between plant and bacterial diversity was poor
for forested sites. Metal pollution seemed to
be the least important factor modifying func-
tioning of soil microorganisms and the clear
negative metal effect was found only for bacte-
rial communities in grassland soils. In field
studies soil physicochemical properties are
frequently more or less correlated with each
other and with parameters of plant communi-
ties as well and all these variables may affect
microorganisms. This make the interpreta-
tion of field results complicated. Laboratory

experiments are needed in addition to field
studies to enable a more profound insight into
relationships between soil physicochemical
properties, plant and microbial communities
in polluted environments.
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Introduction
Since 1986, after the breakdown in

Chernobyl nuclear power plant, intensifica-
tion of radioecological research has emerged.
In the scientific literature many papers on
behavior of 137Cs in soil and migration in
vegetation (Bergeijk 1992, Niesiobędzka
1996, Niesiobędzka 2000, Zhiyanski 2005)
have been published. In studies conducted in
Venezuela, the transfer coefficient (TF) of
137Cs from soil to moss was estimated (La
Brecque and Rosales, 1998). TF in the Altos
area were 2.60 - 2.91, while in the La Sierra
they were only 0.59 - 0.77. The concentra-
tion of cesium in moss and soil was correlat-
ed with the height at which samples were
taken. Other studies (Nifontova, 2006)
showed that accumulation of 137Cs in
mosses is correlated with the concentration
of this radionuclide in the atmospheric pre-
cipitation. The transfer coefficient of 238U,
226Ra, 232Th, 40K and 137Cs in mosses
was studied also by Dradović (Dragović, et.
al. 2010). The relationship between concen-

tration ratios of radionuclides and physico-
chemical characteristics of the underlying
soil was also investigated. Generally the
highest activity concentrations were found
to be in Hypnum cupressiforme and the low-
est ones in Hylocomium splendens.

Uptake of radionuclides by vegetation
at a High Arctic location was studied (Dow-
dall, et. al. 2005). Levels of 137Cs activities
in vegetation generally followed the order
mosses > lichen > vascular plants. The
uptake of 137Cs in vascular plants showed
an inverse relationship with the uptake of
40K. The uptake of 238U, 226Ra and 232Th
by vascular and non-vascular plants was gen-
erally low. Uptake of 137Cs and 40K by
plants was also studied by Korobova
(Korobova, et. al. 2007). The concentrations
determined in samples of plants correspond-
ed to the regional values and varied in the
range from 31 to 140 Bq/kg d.m. Activities
increased in the main plant groups according
to their phylogenetic specificity in the fol-
lowing order: grasses < alder, willow (leaves)

Transfer of Cs-137 from Forest Soil to Moss Pleurozium Schreberi

A. Dołhańczuk-Śródka, Z. Ziembik, M. Wacławek

Independent Chair of Biotechnology and Molecular Biology, Uniwersytet Opolski, 
ul. Kominka 4, 45-035 Opole, tel. 774016046, agna@uni.opole.pl

Abstract
Moss (Pleurozium schreberi) and soil samples collected in 2009 in Bory Stobrawskie

forest were used to study the transfer factor (TF) and aggregated transfer (Tag) of radioce-
sium from forest soil to moss. This investigation also included determination of 40K activ-
ity and organic matter content in soil.

The mean 137Cs activities were 172Bq/kg d.m. in soil samples and 202Bq/kg d.m. in
moss. The TFCs of 137Cs from soil to moss was varied in the range from 0.1 to 3.3. The
mean surface activity was 11.2 kBg/m2. The Tag values were limited in the range from
0.001 to 0.058. Additionally the TFK values for 40K were computed.

The data analysis revealed different variables distributions. To ensure proper inference
from investigations of interrelations between variables, the values were transformed using
Box-Cox formula and logit transformation. The correlation coefficients between trans-
formed variables were calculated. Among others, it was found that 137Cs activities in soil
and moss as well as surface activity were well correlated with each other. The TF parame-
ters computed for 137Cs and 40K were correlated also. 

Principal Components Analysis (PCA) method was used to study interrelations
between groups of the transformed variables. 

It was found that the main contribution of 137Cs activity in environment originates
from soil but activities of 137Cs and 40K were usually higher in moss than in soil. It can be
supposed that the 137Cs isotope migrates to moss from its surrounding. Among others, sta-
tistically significant correlation between TF of 137Cs and activity of 40K in soil was found.
Low activity of 40K in soil conducive to the transfer of cesium to moss. The organic matter
content also affects transport of cesium and potassium between moss and soil.

Key words: transfer factor, moss, activity, 137Cs, 40K.
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lichens < mosses (upper part) < mosses (lower
part, litter). Mosses, and their lower brownish
part in particular, appeared to be most enriched
in 137Cs, while lichens, associated with moss-
es but receiving contaminants exclusively
through air precipitation, accumulated
radionuclides to a lesser extent.

In this work we have used moss Pleurozi-
um schreberi to study transfer factor (TF) and
aggregated transfer (Tag) of radiocesium from
forest soil to plant.

Materials and Methods
Samples of the moss Pleurozium schre-

beri were taken in forests arround Opole (south-
western Poland). Most of them were collected
on the area of Bory Stobrawskie, in the places
located not less than 200 m from roads.

The measurement of radionuclides activ-
ity in moss ans soil samples were carried out by
means of a gamma-spectrometer with a germa-
nium detector HPGe (Canberra) of high resolu-
tion: 1.29 keV (FWHM) at 662 keV and 1.70
keV (FWHM) at 1332 keV. Relative efficiency:
21.7%. Energy and efficiency calibration of the
gamma spectrometer was performed with the
standard solutions type MBSS 2 (Czech Metro-
logical Institute, Praha) which covers an energy
range from 59.54 keV to 1836.06 keV. Geome-
try of calibration source was Marinelli
(447.7±4.48 cm3) with density 0.985±0.01
g/cm3, containing 241Am, 109Cd, 139Ce,
57Co, 60Co, 137Cs, 113Sn, 85Sr, 88Y and
203Hg. Geometry of samples container was
Marinelli, 450 cm3. Measuring process and
analysis of spectra were computer controlled
with use of the software GENIE 2000. The radi-
ation spectrum was recorded day and night.
The measurement uncertainty did not exceed
3%.

The 137Cs surface activity was deter-
mined with Canberra portable scintillation
spectrometer InSpector1000. This spectrome-
ter is an easy-to-use, hand-held, digital and
multichannel analyser ideal for the environ-
ment monitoring purposes.

Results and Discussion
Values of the following parameters were

measured: 137Cs and 40K activities in moss
(aCsm and aKm respectively), 137Cs and 40K
activity in 10 cm top soil layer (aCss and aKs
respectively), 137Cs surface activity (aCsa) and
organic matter content in top 10 cm soil layer
(OM).

From aCsm, aCss and aCsa the transfer
factor (TF) and aggregated transfer factor values
(Tag) were computed. 

The TF and Tag values are commonly
used for quantifying plant uptake of radionu-
clides. Dimensionless TF values can be conve-
niently defined as the ratio of the activity con-
centrations of plant material and the soil on
which the plant has grown:

TF = Bq/kg moss (d.w)/Bq/kg soil (d.w.)      (1)

where d.w. is abbreviation of "dry weight"
phrase.

Tag values are defined as the ratio of the
radionuclide activity concentration in an organ-
ism (Bq/kg d.w. or w.w. - wet weight) to the areal
deposition of the nuclide in soil (Bq/m2) and are
expressed in units of m2/kg (Dowdall, et. al.
2005):

Tag (m2/kg) = Bq/kg moss (d.w.)/Bq/m2 (2)

Table 1. Statistical parameters of the measurements results and computed parameters.
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Table 1 shows the main statistical param-
eters of the results obtained. In this table "min"
is the lowest value in data, Q1 is lower quar-
tile, ME is median, Q3 is upper quartile,
"max" is the highest value, xm is arithmetic
mean, respectively. 

In most of the moss samples both
137Cs and 40K activities were higher in
moss than in soil. The transfer factors of Cs
and K were similar, supposing common
mechanism of ion transfer from soil to moss.
The Tag parameter values were changed in
wider range than the transfer factors.

To ensure proper inference from inves-
tigations of interrelations between variables,
the values of OM variable was transformed
using logit transformation. The remaining
variables were transformed using Box-Cox
formulas. In Table 2 the values of correlation
coefficients between transformed variables
are shown.

The best correlation exists between
aCss and aCsm and between TFCs and aKs.
The aCss is well correlated with aCsa.

Table 3 shows results of eigenvalues
decomposition of correlations matrix. In this
table the principal components loadings
PC1 to PC6 and their components are
shown. The grayed rows contain the com-
puted parameters. 

The first six components, containing
above 99% of the total data variability,
should be considered in evaluation of mutu-
al relationships in data. The PC1 compo-
nent is determined by aCss, and aCsa
parameters. It might be supposed that PC1
describes the total 137Cs activity in environ-
ment, determined by aCss and aCsa. Con-
siderable contribution of TFCs and Tag is in
PC1 is the result of the relationship between
this parameters and 137Cs activieties,

Table 2. Correlation coefficients between transformed variables.

Table 3. Results of eigenvalues decomposition and statistical parameters of PCs ordered by
decreasing variance.
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defined by equations 1 and 2. The PC2 com-
ponent is determined by aCsm and TFK and
OM. It might be supposed that the mecha-
nisms of Cs permeation from surrounding to
moss depends on organic matter content in
topsoil layer and is related to K ratio in moss
and in soil. The PC3 component is deter-
mined by aKm. The TFCs and organic mat-
ter content are the main components of
PC4. The aKs and Tag parameters are relat-
ed with each other in the PC5 component. 

Conclusions
The main contribution of 137Cs activ-

ity in environment originates from soil.
Concentration of both 137Cs and 40K was
usually higher in moss than in soil. It can be
supposed that the 137Cs isotope migrates to
moss from its surrounding. Statistical analy-
sis revealed a correlation between TF of
137Cs and activity of 40K in soil. Low activ-
ity of 40K in soil conducive to the transfer of
cesium to moss. The organic matter content
also affects transport of cesium and potassi-
um between moss and soil.
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Abtract

Majority of soils from the southern part of the Silesian Upland are highly degrad-
ed and contain elevated levels of the toxic heavy metals. Therefore, the purpose of pre-
sented studies was evaluation of molybdenum pollution and determination of its mobil-
ity and bioavailability in soils from the investigated area.

The soils samples were collected from two depths: topsoil (0,0-0,3 m) and subsoil
(0,8-1,0 m) and derived from the project of detail geochemical charting of Upper Silesia,
preformed by the Polish Geological Institute - National Research Institute. Comparison
of elements concentration between topsoil and subsoil allows identification of the
source of pollution (natural or anthropogenic). 

The studies were performed by axially viewed inductively coupled plasma optical
emission spectrometry, iCAP6500 DUO (Thermo Scientific). Samples were treated
with aqua regia for determination of "so-called total" molybdenum. Sequential extrac-
tions according to BCR method [1,2] were performed for evaluation of mobility and its
bioavailability preliminary. The following leaching solutions were used: (i) actate acid
(0,1 mol L-1 ); (ii) hydroxylammonium chloride (0,5 mol L-1); (iii) hydrogen peroxide
(8,8 mol L-1) and ammonium acetate (1,0 mol L-1); (iv) aqua regia. Additionally miner-
alogical composition was investigated by the use of X-ray diffractometer (XRD) with
copper lamp, PW X'Pert 3020 (Philips).

The correctness of analytical methods was assessed through analysis of quality
control samples, the reference materials and the samples derived from interlaboratory
comparisons ISE (International Soil-Analytical Exchange ,Wageningen). Moreover, the
same samples were analyzed in parallel by using of ICP-MS method.

[1] G. Rauret, J. F. López-Sánchez, A. Sahuquillo, R. Rubio, C. Davidson,
A. Ure et al., J. Environ. Monit., 1 (1999) 57-61.

[2] J. M. Hernández-Moreno, J. I. Rodríguez-González, M. Espino-Mesa, Eur.
J. Soil Sci., 58 (2007) 419-430.
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Metals in Streetsoils of Sao Paulo City, Brazil
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Abstract

Sao Paulo is the largest city in Brazil with about 20 millions inhabitants in the met-
ropolitan area, more than 8 million motor vehicles and strong industrial activity at the
metropolitan region, which are responsible for increasing pollution in the region. Never-
theless, there is little information on metal contents in the metropolitan region soils,
which would be very useful as a fingerprint of the environmental pollution. The present
study aimed to determine As, Co, Cr and Sb concentrations in soils adjacent to avenues
of highly dense traffic downtown Sao Paulo city to assess their possible sources and
potential environmental impact. The analytical technique employed was Instrumental
Neutron Activation Analysis (INAA). The results show As, Cr and Sb concentration lev-
els higher than the prevention values for soils of Sao Paulo, according to the Environ-
mental Protection Agency of the State Sao Paulo guidelines. This is considered the con-
centration limit of a substance that causes no damage to soil and groundwater quality.
The high concentrations obtained suggest a potential damage to soil quality which in
turn would affect human health.
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Introduction
Contamination of soils with heavy met-

als is not a big scale problem in Poland. Heav-
ily contaminated soils make up from 0.01%
(Ni) to 0.17% (Cd) of the total area of agricul-
turally used land. Soils which are very heavily
contaminated occur locally and are polluted
with Cd (0.08%) or Zn (0.01%). Reclamation
of these areas by traditional physical or chem-
ical methods is very costly and often has a
destructive impact on the soil environment. It
seems that phytoremediation techniques only
can be helpful in this case.

Among the phytoremediation tech-
niques, there is the phtyostabilisation
method, which relies on cropping contami-
nated land with plants tolerant to high con-
centrations of toxic substances, e.g. heavy
metals. The purpose of this method is to
depress the bioavailability of metals present
in soil, to prevent contaminated soil from
further degradation caused by erosion, and
to reduce the risk of direct contact of animals
and humans with the contaminants. The
plants used for phytostabilisation should be
characterised by predominant accumulation
of metals in roots and only weak transport of
these elements to aerial organs. Poor trans-
port of heavy metals to aerial parts is associ-
ated with the protection of the photosynthet-
ic apparatus of plants in which changes in
the parameters of photosynthesis to appear

under heavy metal stress (Burzyński and
Kłobus, 2004). 

The phytostabilisation process can be
made more successful when soil is amended
with substances blocking heavy metals and
stimulating the growth and development of
plants, such as lime or peat. Many authors
have investigated the applicability of willow
(Salix viminalis) for remediation of soils con-
taminated with various metals. In general,
however, they deal with the process of phy-
toextraction and often discuss experiments
conducted in water solutions or in pots. The
purpose of this study has been to determine
the tolerance of willow to soil contamination
with Cd and Pb and to evaluate the applica-
bility of willow to soil remediation via phy-
tostabilisation.  

Materials and Methods
In 2008-2009, experiments were con-

ducted in concrete-encased microplots 1x1x
1,2 m in size, filled with sandy and loess soil,
different from each other in physicochemical
conditions (tab. 1). 

The following exerimental treatments,
in 4 replicates, were then tested and com-
pared on the two types of soil: 1. soil without
contamination (control), 2. contaminated
soil Cd + Pb, 3. soil contaminated with Cd
+ Pb with a single dose of peat (peat 1), 4.
soil contaminated with Cd + Pb with a dou-
ble dose of peat (peat 2).

Effect of the Remediation of Soil Polluted with Heavy Metals 
on the Growth of Energy Willow 

E. Stanisławska-Glubiak, J. Korzeniowska, A. Kocoń

Institute of Soil Science and Plant Cultivation - National Research Institute in Pulawy
Department of Weed Science and Tillage Systems in Wroclaw, Orzechowa 61, 
50-540 Wrocław, Poland, e.glubiak@iung.wroclaw.pl

Abstract
In a two-year microplot experiment conducted on sandy and loess soils contaminated

with Cd and Pb, the response of energy willow to these metals has been analyzed as well as
the results of soil reclamation using two rates of peat. Differences have been observed
between the soils, both in respect of the response of plants to pollutants and the effect of the
applied peat. Contamination of sandy soil with Cd and Pb led to complete necrosis of plants
whereas the yield of willow plants obtained on loess was comparable to the control. The
application of peat to sandy soil limited the transport of metals by willow plants to aerial
part, restoring the intensity of photosynthesis to a comparable level as in the control treat-
ment. The yield of twigs from the microplots in which soil had been amended with peat did
not differ significantly from the control yield. On loess soil, however, soil remediation with
was not very effective. It did not produce a significant influence on yield nor did it affect the
intensity of photosynthesis relative to the treatment polluted with heavy metals. 

Key words: soil contamination, cadmium, lead, reclamation, energy willow



740 15th ICHMET

SOIL CONTAMINATION

Table 1. Physical and chemical properties of
topsoil (0-20 cm) 

SF I-soil fraction 2.0-0.05 mm, SF II-soil fraction 0.05-
0.002 mm, SF III -soil fraction <0.002 mm.

The soil contamination was simulated
by introducing metals in the form of oxides
down to the depth of 20 cm, in doses adjust-
ed to the type of soil so as to obtain an aver-
age degree of contamination according to the
classification by Kabata-Pendias et al.
(1993). Varied levels of concentrations of the
metals in soil were obtained, much lower in
the sandy than in the loess soil (tab. 1). For
soil remediation, in treatments 3 and 4, high
peat (0.25 kg/l in specific weight) was used in
the respective amounts of 20 and 40 l per
microplot. 

Willow, clone 1023, was planted in
April 2008, eight years after the contaminats
had been introduced into the soil. Nine
plants per micrplot were planted. In the first
year, four months after the planting, when
the willow plants reached the height of 1 m,
they were thinned, leaving 5 plants per
microplot. The removed plants were
weighed, sectioned into leaves, twigs and
roots, and subjected to chemical analysis.
The concentration of Cd and Pb was
analysed in the plant material, previously
ashed in a muffle oven and diluted with
nitrogen acid, applying the AAS method.

On the remaining plants, during their
growing season, it was measured a net pho-
tosynthetic with apparatus Li-6400 (manu-
factured by Li-COR) set in the central part of
the youngest fully developed leaves, at the
pre-set, constant radiation intensity PAR =
1200 ?mol m2s-1. The measurements were
made in three replicates and on three dates.
The final yield of energy willow was harvest-
ed in November 2009. 

Results
The response of willow to heavy metals

depended on the type of soil. In the first year,
young willow plants, up to 1 m tall, cultivat-
ed on sandy contaminated soil, produced
just 2% of the aerial mass generated by the
control, but when grown on loess soil, the

yield was 80% of the control (tab. 2). In the
second year, plants on sandy soil practically
died out whereas on loess soil, the yield of
twigs on contaminated soil was the same as
that obtained on uncontaminated soil.

Table 2. Relative yield of willow (%)

Identical letters indicate no significant difference
according to Tukey's test (P<0.05).

Addition of peat to contaminated
sandy soil distinctly limited the depression
of yields caused by excess metals. In the first
year, young willow plants produced 50% and
75% of the control biomass, respectively to
the dose of peat, which was tens-fold more
than on contaminated microplots without
peat. Generally, in the first year, peat added
to loess soil did not lead to an increase in the
biomass yield versus the contaminated treat-
ment. In the second year, however, the yield
of twigs obtained from the treatment supple-
mented with a single dose of peat was 20%
higher than the control. A double dose of
peat did not cause any further increase in the
yield.  

The level of the analysed metals in wil-
low tissues and their distribution in particu-
lar parts of plants varied depending on the
type of soil. In order to compare the concen-
tration of metals in plants between the soils,
they are given in relative numbers with
respect to the control treatments (tab. 3, tab.
4). Differences in the distribution of the met-
als in particular parts of willow plants were
analysed according to the ratio of relative
concentrations of the elements in roots to
their relative concentrations in twigs and
leaves (R:T:L ratio). 

On sandy soil, in the treatment con-
taminated with the metals, the concentra-
tion of Cd in willow tissues rose by 3- to 10-
fold versus the control concentrations. The
R:T:L ratio was 1:3.4:0.8, which indicates
that Cd accumulated mainly in twigs (tab. 3).
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Introduction of peat to sandy soil, irre-
spective of its dose, led to a depression in the
concentration of Cd in twigs and to a benefi-
cial change in its distribution in the plant.
The ratio of Cd concentration in roots, twigs
and leaves suggests that this element accu-
mulated mainly in roots (R:T:L ratio = 1 :
0.6 - 0.9 : 0.9). 

Table 3. Relative concentration of Cd in wil-
low tissues (%).

Treatment: 1.control, 2. Cd+Pb, 3.Cd+Pb+peat 1, 4.
Cd+Pb+peat 2. 
Identical letters indicate no significant difference
according to Tukey's test (P<0.05).

On loess soil, the concentration of Cd in
plants from the contaminated treatment rose
by about 9-fold in aerial parts and about 13-
fold in roots compared to the concentration in
control plants. Differences in the concentra-
tion of this element in particular plant organs
were not as big as on sandy soil, with the high-
est Cd concentration determined in roots
(R:T:L ratio = 1:0.6:0.7). The effect of intro-
ducing peat to loess soil was much weaker
than on sandy soil. Although a single dose of
peat caused a significant decrease in the con-
centration of Cd in particular plant parts, the
distribution of the element in willow plants
did not change very much (R:T:L ratio =
1:0.6:0.6). It was not until a double dose of
peat was added to soil that the transfer of Cd
from roots to aerial organs decreased consid-
erably (R:T:L rato = 1:0.4:0.4). 

Willow grown on sandy soil contami-
nated with heavy metals contained 6- to 27-
fold more Pb in tissues versus the control
(tab. 4). Lead was mainly accumulated in
leaves, followed by twigs and finally roots
(R:T:L ratio = 1:2.5:4.2). Soil reclamation
using a single dose of peat led to a 7-fold and
4-fold decrease in the concentration of Pb in

leaves and twigs, respectively, and to a small
increase in roots. This meant that the R:T:L
ratio underwent a positive change
(1:0.6:0.5). A double dose of peat was no
more successful than a single one.  On con-
taminated loess soil, the concentration of Pb
rose by 3- to 37-fold versus the control. The
amounts of Pb accumulated in willow roots
were about 10-fold higher than the ones
found  in twigs and 5-fold higher than in
leaves (R:T:L ratio = 1: 0.1: 02).

Table 4. Relative concentration of Pb in wil-
low tissues (%).

Treatment: 1. control, 2. Cd+Pb, 3. Cd+Pb+peat 1, 4.
Cd+Pb+peat 2.
Identical letters indicate no significant difference
according to Tukey's test (P<0.05).

Soil supplementation with peat, irre-
spective of the dose, depressed the concen-
tration of Pb in willow tissues, but did not
alter the R:T:L ratio.  

In willow plants growing on the plot
contaminated with metals, the net photo-
synthetic rate of leaves changed in the
sandy-soil treatments (tab. 5).

Table 5. Average results of the measure-
ments of the net photosynthetic rate of wil-
low leaves ( µmol CO2

.m2.s-1).

Identical letters indicate no significant difference
according to Tukey's test (P<0.05).
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In the first year, the amount of CO2 pro-
duced by leaves of young plants was 15-fold
smaller than under the control conditions.
On the plots where soil was enriched with
peat, especially with its double dose, the net
photosynthetic rate was comparable to the
control. On loess soil contaminated with met-
als and reclaimed by introducing peat, willow
was characterised by a similar net photosyn-
thetic rate as on the control treatment. 

Discussion
A very large yield loss experienced by

willow plants growing on contaminated
sandy soil was attributaed to a much higher
concentration of metals in aerial organs of
young willow plants than in plants on the
control plot and compare to concentration in
roots. This difference was particularly large
in the case of Pb. Due to such high accumula-
tion of metals in green parts of willow plants,
the intensity of photosynthesis they conduct
is much weaker, which means that the abili-
ty to produce biomass is likewise adversely
affected. On loess soil, willow accumulated
metals, Pb in particular, mainly in roots,
therefore the photosynthesis process was less
disturbed and so was the production of bio-
mass. Many authors describe the effect of
heavy metals on physiological processes in
plants. When heavy metals are present, activ-
ity of many enzymes changes , the content of
chlorophyll and organic acids in leaves
decreases and the activity of photosystem II
is depressed (Qufei and Fashui, 2009). 

Large concentration of metals in wil-
low aerial part, especially in leaves, is an
unfavourable characteristic not only because
of certain disorder it causes in the photosyn-
thesis process and depressed yields of wil-
low, but also because willow affected by such
changes does not fulfil the basic requirement
for a plant to be suitable for phytostabilisa-
tion, i.e. ability to arrest metals in roots with
only a slight translocation of these elements
to aerial organs. Moreover, leaves which con-
tain much of heavy metals, when airborne,
can spread the contamination to other areas. 

Application of peat as a substance
enhancing the soil's sorptive complex and
improving conditions for the growth and
development of plants led to a decrease in
the concentration of metals in particular
plant organs and to changes in the R:T:L
ratio. Owing to soil supplementation with
peat, the toxic effect of metals decreased,
especially on sandy soil, where willow accu-

mulated metals mainly in roots and not in
aerial parts. As a result, the net phytosyn-
thetic rate was much higher than on the con-
taminated plots without peat amendement
and not much lower than on the control plot.
Addition of peat distinctly limited the yield
depression caused by excessive quantities of
metals in soil. 

On loess soil, the effectiveness of peat
addition was much lower than on sandy soil.
It was not until the double dose of peat had
been introduced to soil, that the transfer of
Cd from roots to aerial organs became limit-
ed. As for Pb, the ratio of its concentration
on different plant organs was identical on
contaminated soil and reclaimed with either
dose of peat. The net photosynthetic rate on
both treatments was likewise similar. 

Conclusion
1. Willow (Salix viminalis), clone

1023, grown on loess soil was more tolerant
to concomitant contamination of soil with
Cd and Pb than grown on sandy soil, where
it responded to the contamination by
depressing yields and accumulating the met-
als mainly in aerial parts. This observation
indicates that willow is useful for phytosta-
bilisation of these metals predominantly on
heavier soils. 

2. Use of willow for phytostabilisation
of metals on light soils is possible if the soil
is amended with an appropriate rate of peat. 

3. The first year after planting willow is
essential for phytostabilisation to be suc-
cessful. Young plants are much more vulner-
able to the effect produced by Cd and Pb than
older ones. In the second year after planting,
they adapt well to the unfavourable growth
conditions created by excessive quantities of
these metals in soil. 
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Introduction
The studying of heavy metals in soils,

underground and surface waters concerned
with many scientists  Johansson K., Anders-
son A., Andersson T., 1995, Tivo P.V., Bycko
I.G., 1996, Evanko C.R., Dzombak D.A.,
1997, Ovcharenko, 1997, McBride M.B.,
Sauve S., Hendershot W., 1997, Lacatusu R.,
Dumitru M., Risnoveanu I., Ciobanu C.,
Lungu M., Carsea S., 1999, Lambert M.,
Leven B.A., Green R.M., 2000, Tandzhi K.K.,
Karadzhi F., 2002, Voegelin A., Barmettler K.,
Kretzschmar R., 2003, Kolomiycev N.V., Ili-
ina T.A., Kisileva O.E., Korneshevskiy B.I.,
2004, Rasulova T. Umarova Z., 2004,
Galichenko S.V., Mazhayskiy Yu.A., 2004, Ili-
inskiy A.V., Kireycheva L.V., Hohlova O.V.,
Yashin V.M., 2004, Aydarov I.P., Golovanov
A.I., 2005, Mazhayskiy Yu.A., Tomin Yu.A.,
Evtohin V.F., Dorohina O.E., 2006, Iofin Z.K.,
2007, Makino T., Kamiya T., Takano H., Itou
T., 2007, Belozyorova G.I., Sergeev A.P.,
2008, Galiulin R.V., Galiulina R.R., 2008,
Ioan S., Constantin C., Mihai T., Sorana D.,
Lorentz J., 2008, Begum A., Ramaiah M.,
Irfanullakhan, Veena K, 2008, Hudaybergeno-
va A., 2009, Alekseevskiy N.I., Mihaylov
V.N., Alabyan A.M., Babich D.B., 2009, Chis-
el A.V., Galeeva M.V., Kozlovskiy E.V., 2010,
Postovalov V.M., Denisova E.V., 2010). 

And nevertheless, which is noted by
V.D.Postavalov and E.V.Denisova: "At the last
years problem of the polluting natural envi-
ronment with heavy metals was attended
more attention, but in conceptual, theoretical
and practical plan it is not developed enough"
(2010).

On the monitoring of Nature protection
committee of the Republic of Uzbekistan is
installed excess possible standards (the Bul-
letin board. T.: 2006, p.27) of the value of
heavy metals on area are located in close prox-
imity industrial enterprises, tailing pit and
sludge storage in Surkhandarya, Navoiy,
Andijan, Namangan and Tashkent provinces
of Uzbekistan. The local determination of
heavy metals was conducted as a whole repub-
lic of Uzbekistan (Aparin B.V., Bakiev S.A.
and others 1998-1999 y.), Karakalpakistan
(Hudaybergenova A., 2009), in Khorezm
(Zahidova D.V., 2002, 2004, 2005),
Samarkand (Bobobekov I.N., Fayzullaev O.F.,
2005, 2006), Navoiy (Abdurahmanov T.A.,
Ahmedov Sh.M., 1998), and Kashkadarya
provinces (Muradov Sh.O., Holbayev B.M.,
1992; Hydromet of Uzbekistan, 1998-2002).

Evidently, the detailed programmed
researching of heavy metals in system "water-
land" in separate basin was not conducted.
Considering aforementioned facts, our
researches are directed on estimation of the
contamination with heavy metals water-land
resources representational plots of
Kashkadarya province, development of the
technical methods on readjustment of soils.

Materials and Methods
In the south of Uzbekistan Kashkadarya

province is a large object industrial enterprises
(14.6% - a share of the polluting the atmos-
pheric air of the Republic in industrial enter-
prise area, basically such large enterprise as
Shurtan gas chemical complex, Unitary
Branch Establishment (UBE) "Shurtan-
neftgaz", Mubarek gas refinery industrial 

Studies Heavy Metals in System Water-Ground in the South Uzbekistan
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Abstract
Bibliographical analysis has allowed revealing that detailed programmed researches on

estimation heavy metals in system "water-land" in the south Uzbekistan were not conduct-
ed. On example of the river basin Kashkadarya are choose representational plots with the
help of GPS and is realized sampling in 55 points. Laboratory analysis allows revealing some
regularity and work out GIS - heavy metals of the region. Also are provided for developing of
the technical decision is provided on sanitation of soils.

Key words: heavy metals, system "water-soil", representational plots, land sanitation,
excavation, desalinization and readjustment soils, GIS technology
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enterprise, UBE "Mubarekneftgaz" - I cate-
gories to dangers, altogether 10 major enter-
prises, total atmospheric emission is com-
posed 104,0 thousand tons in 2005-2006
years), motor transport (77,479 thousand tons
contaminants in 2005-2006 y.) and irrigated
agriculture (more than 500 thousand ha).

Our researches can be up to quality of
republics where priority at a walk for prepar-
ing the question of the joining to Interna-
tional Orhuss protocol on heavy metal
(1998) is provided to proceed with determi-
nation of the sources surge of heavy metals
and estimation to efficiency applicable tech-
nology and measures of the checking
(National report of Committee for nature
protection of the Republic of Uzbekistan,
2005. - p.30).

Urgency of these research increases in
connection with requirements of priority
Orhuss protocol on heavy metals (the
December 29, 2003 y.), which is one of eight
protocols Convention of European Economi-
cal Commission UNO (About trans-bound-
ary air polluting at a greater distances -
LRTAP), including members which are per-
taining countries of the Europe, USA, Cana-
da, Israel, Russian Federation as well as
republics of Central Asia.

Until today in the republic this prob-
lem is spared insufficient attention. This
witnesses the facts of Nature protection
Committee of Uzbekistan, which notes
about polluting of waters and soils with
heavy metals. With growing of the number
of industrial enterprises and amount of the
motor transport and contributed mineral fer-
tilizers, given problem, especially in
Kashkadarya province, has gained para-
mount importance.

Results and Discussion
The estimation of the polluting with

heavy metals were conducted in 1991 by
Muradov Sh. O. and Holbaev B. M. on local
irrigated area of Karshi steppe at the meth-
ods of the All-Russian research institute  of
water engineering and land reclamation.
The following heavy metals were deter-
mined on irrigated lands: Lead, Rubidium,
Barium, Zirconium, Vanadium, Strontium,
Cobalt, Nickel, and Zinc. It is necessary to
note that in that time of the value of such
elements as Vanadium, Rubidium, Zirconi-
um, Barium were found above at maximum
permissible concentration (MPK).

However, repeated our analysis of soils
(in 2009) on representational areas have
allowed with defining availability of some
metals: Lead, Nickel, Zinc, Strontium, and
Barium. In all probability decreasing of
heavy metals in soils are connected with
reduction of the share contributed mineral
fertilizers for the last 20 years (if in 1991 was
contributed 108538 tons then in 2009 -
63392 tons, given province agriculture
chemical committee). 

Considering that these pollutants,
monitoring carried reconnoitering character,
necessary undertaking wide-ranging detailed
researches, which - have installed the geog-
raphy, the sources and promoted the devel-
opment of the way of fighting with heavy
metals in water and soil.

Well known ways of desalinization of
soils, founded on plowing the area desalin-
ization and its washing by flooding or other
ways with the following ejection of the salts
by means of collector-drainage flow (the way
of desalinization soils. The author's certifi-
cate is 460034, in 1975). Partial problem of
the removing heavy metal dares under acid
of soils (the method of the improvement of
soils. Patent Germany 1542905, 1974).

The most efficiency method of the trans-
lation of the element from active in passive
condition, in which it can't be used by plants,
is the using of the phosphate calcium which
practically will not dissolve in water, phospho-
rus in this form to be in bound to form and
inaccessible for plants. However it will fairly
well dissolve in the form Ca (H2PO4)2 or
H3PO4 (Svetkova L.I. and others Ecology.-
SPB.: Himizdat, 1999.-p.123 - 127.).

Broadly wide-spread method of excava-
tion is abetting quick defogging of soils.
However, undesirable process is a carrying
polluted material on the other territory. This
process requires undertaking the ecological
monitoring (Lambart and others, 2000. p.2).

Execution of given problems allow to
solve the responsible problem, which also
pertain and  region of the republic of Uzbek-
istan in context international effort on
ensuring the firm development with provi-
sion for that burden, which impose industry,
agriculture and motor transport on bios-
phere and technologies which they possess.
Given problem is subjects to International
worry (the General Assembly UNO, Rio-de-
Janeiro Declaration on surrounding ambi-
ence and development. Principle 14, 1992).
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The study of the question will allow
reducing the risk of the damaging to not only
population given territory, but also the other
region. This is an important argument in
many-sided of agreements on chemical mat-
ters and environment. 

Conclusion
Thereby, at decision given problems

we shall provide the prevention of the
increase the risk of the damaging surround-
ing ambience or the general resources and in
particular water-soil resource, from which
depends on dividing products of the feeding.
Urgency and timeliness of the execution in
given functioning is motivated also  in
republic that in purpose of the restriction
and reductions surge of heavy metal is devel-
oped national strategy, the policy and pro-
gram. 

The most actual is considered that sys-
tem of water-land is a main ambience, in
which get the heavy metals, including from
atmosphere. Soil is a source of secondary
contamination surface air and water falling
into river, lake and etc. From system of
water-land of heavy metals are adopted by
plants, which then fall into food highly-
organized animals. Our task is to give com-
plete estimation and prevent the risk for
health of the person and environment for
achievement level and international misgiv-
ings, requiring urgent decisions.

Summarizing is possible to note that at
present realized separation representative
area by means of modern navigational
instruments GPS is displayed tests on 55
areas and is made some findings. Provided
formation GIS maps - a heavy metals in soils
and water of Kashkadarya province, is
approved new way of the fight with heavy
metal.
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Introduction
In recent years, environmental geo-

chemical mapping has assumed an increas-
ing relevance (Darnley and Garret, 1990;
Darnley et al., 1995; Plant et al., 2001), in
order to discriminate between anthro-
pogenic pollution and geogenic sources
(Albanese et al., 2007). At the beginning, the
aim of geochemical mapping programmes
was to obtain regional baseline information
for mineral exploration. However, resulting
databases were multi-purpose basic tools
with application in different areas, such as in
environmental studies, agriculture, geomed-
icine, etc. (Appleton and Ridgway 1993; Tar-
vained 1996; Xie Xuejing et al., 1997; Inácio,
2008) and national geochemical surveys
became a priority for many countries.

In the Santiago island, 249 soil sam-
ples were collected at a density of approxi-
mately 1 sample per 3 km2 to compile an
environmental geochemical atlas. We pres-
ent the geochemical maps of the Santiago

island for selected elements (considered to be
harmful to human health), based on soil
data. These geochemical maps reveal the
actual content of an element in the superfi-
cial environment at a given point in time
(Salminen & Gregorauskiene, 2000).

The sampling and analytical program,
the data treatment and mapping was per-
formed according to the standards set by the
IGCP Project 259 (Darnley and Garrett,
1990; Darnley et al., 1995).

The Study Area
The archipelago of Cape Verde com-

prises 10 islands. It is located in the Mac-
aronesia region, on eastern Atlantic, about
500 km west of the coast of Senegal. The
Santiago island is located in the southern
part of the Cape Verde archipelago, between
parallels 15o 20' N and 14o 50' N and longi-
tudes 23o 50 'W and 23o 20' W. Santiago
island covers an area of about 991 km2. It is
the most populated island of the archipelago, 
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Abstract
The Santiago island is the largest of the Cape Verde archipelago, covering an area of

991 km2, and reaching an altitude of 1392 m. Knowledge of the natural geochemical vari-
ability is essential for the proper resolution of economic, environmental, planning, medical
and legal issues. In this work are presented discussed the baseline geochemical maps of
heavy harmful elements, using concentration values of 249 soil samples collected over the
Santiago island. The geochemical survey was conducted following the guidelines of the
International Project IGCP 259 at the sampling stage, sample preparation, analysis, data
treatment and mapping. Levels were determined, in the fraction < 2mm. Each sample was
digested in aqua regia and analysed by ICP-MS. The aim of this study is to discriminate
between the geogenic natural content (background) and the anthropogenic contribution in
the collected soil samples. The definition of background values, in contrast to baseline val-
ues, is very important to comprehend the extent of polluted areas in countries like Cape
Verde, where intervention limits for soils were has not yet established. In Santiago Island,
baseline and background values are often coincident. R-mode factor analysis has proved very
useful in distinguishing the different geological units and also the influence of salinization
phenomena and aeolian transport from Sahara.

Key words: Heavy metals, soils, factor analysis, Santiago island, Cape Verde 
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with more than 50% concentrated in the
Cidade da Praia metropolitan area. The cli-
mate is arid, but with torrential rains (July to
September). Morphologically, the island has
two mountain zones, with altitudes above
1000 m, in the central area, separated by a
plateau region with an average elevation of
550 m. Santiago is characterized by very high
hills separated by valleys with almost verti-
cal margins and large flat areas in the coastal
zones.

Santiago island is composed mainly by
volcanic rocks, such as alkaline basaltic
rocks, phonolites, carbonatites and pyro-
clastes (breccia, lapilli and tuffs). The pyro-
clasts have reduced importance, the lavas
occupy most of the island, and the phanerit-
ic rocks occur in small areas (Fig. 1). Sedi-
mentary rocks also occupy small areas. The
calcareous rocks are present mainly in the
neighbourhood of the Praia city and in the
bays of Sao Francisco and Tarrafal. The
intercalation between conglomerates, grain-
stones, breccia, and basaltic formations indi-
cates that the island was partially submerged
in previous times, having been subsequently
subject to the volcanic activity. Metamor-
phic rocks are rare and are associated to
incipient contact metamorphism.

In Santiago island occur seven main
geological formations (Serralheiro, 1976):
CA Complexo Eruptivo Interno Antigo (par-
ticulary intrusive dykes, of basaltic-basanite
or phonolitic-trachytic composition, and
carbonatite masses) Flamengos (submarine
formation, basaltic-basanite lavas), CB
Órg?os (sedimentary formation, primarly
conglomerates), PA Complexo Eruptivo Pico
Antónia (submarine and subaerial forma-
tion, basaltic-basanite lavas, pyroclasts,
phonolitic-trachytic), AS Assomada (subaer-
ial formation, basaltic-basanite lavas), MV
Monte das Vacas (50 pyroclastic cones), CC
- Sedimentares do Quaternário (limestone,
gravel, sand).

Methods
Sample Collection and Treatment
Soil composite samples were collectd

from 249 sites, representing the major soil
types as well as the major rock types in San-
tiago island, at a density of 0,3 site/km2. On
each site a composite sample made up of five
grabs was collected over an area of about
100m2. The sampling sites were selected to
represent "natural" soils. Therefore locations
affected by pollution (near factories, heavy

traffic roads) and arable soils were avoided.
Duplicates were taken every 10 sites. The
samples were dried at 35-40 oC and were
sieved through a 2 mm plastic sieve, homog-
enized and quartered, and milled.

Analysis and Analytical Quality Control
The chemical analysis was performed

in the ACME Analyticl Laboratories, Ltd,
Vancover, Canada. Each sample was digest-
ed in aqua regia and analysed by ICP-MS for
each element (9 major - Al, Ca, Fe, K, Mg,
Mn, Na, P, Ti - and 23 trace elements - Ag,
As, Au, B, Ba, Bi, Cd, Co, Cu, Hg, La, Mo,
Ni, Pb, Sb, Sr, Th, Tl, U, V, W, Zn). All the
subsamples were randomly numbered prior
to analysis in order to remove any systemat-
ic relationship between order of analysis and
geographic location. Aditional soil analyses
were carried out in the Department of Geo-
ciences, University of Aveiro. The pH was
determined on duplicat samples in a water
suspension using a soil:water ratio of 1:25.
Electrical condutivity (EC) was measured on
duplicate samples in a soil: water suspension
(1:10) after 1 h shaking and standing for 20h.

The data was subjected to several data
quality tests in order to determine which ele-
ments have reliable data to be analysed. The
criteria used to select an element to subse-
quent analysis were: (i) at least of 80% of the
observations with a content greater than the
detection limit; (ii) accuracy and precision
(quantified by analytical duplicates) lower
than 10%; and (iii) geochemical variance sig-
nificantly representative, with a 0.01 signifi-
cance level, of the total observed variance
(quantified by an Analysis of Variance using
field duplicates).

Statistical Processing and Mapping
Univariate and multivariate statistical

analyses were performed in order to show
the single element geochemical distribution,
and the distribution of elemental association
factor scores resulting from R-mode factor
analysis. The geochemical data were statisti-
cally treated for plotting individual distribu-
tion maps to compile an environmental geo-
chemical atlas for Santiago island. R-mode
factor analysis was also performed using a
Pearson matrix. The distribution maps were
prepared following recommendations in
Darnley et al. (1995). The color maps for all
elements and factor scores, based on 249 soil
samples, were plotted by kriging using a var-
iograma model adjusted for each variable. 
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The color maps were plotted together
with point symbol geochemical maps. The
diameter of symbol, as well as the color scale
were classified in 8 classes, according to per-
centiles:[minimum-P10[;[P10-P25[; [P25-
P50[; [P50-P75[; [P75-P90[; [P90-P95[;
[P95-P97.5[; [P97.5-máximo[. 

Results and Discussion
The geochemical patterns obtained

from spatial distribution maps were correlat-
ed with the parent material, the soil type and

some sources of anthropogenic contamina-
tion. Generally, heavy metals are associated
with geology. Lead, Mn, U, Th baseline val-
ues appear to be highly correlated to phono-
litic-trachytics rocks of Pico Antónia and
Complexo Antigo formations and also with
pyroclastic deposits of Monte das Vacas and
Assomada formations. Contrarily, the
Órgaos formation is depleted n these metals.
Assomada and Monte das Vacas formations
are depleted in Ni, Co, Cr, Cu (Fig. 1), Fla-
mengos formation is depleted in Fe. 

Figure 1. Santiago Island geological map and geochemical baseline levels of some heavy
metals in Santiago island, Cape Verde.
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Elemental associations obtained by
means of R-mode factor analysis were useful
in distinguishing geogenic sources and
anthropogenic sources. Factor analysis
allowed us to establish five factors (F1 to F5),
that justify 64.01 % of data variability. The
associations of the five-factor model are: F1:
Ca-Mg-pH (positive values) and Pb-Th-Ga-
Mn-U-Hg (negative values); F2: Co-Sc-V-Cr-
Cu-Fe-Ni; F3: La-Sr-P-Ba; F4: As-Hg and Al-
Ti; and F5: Na-B-CE. Factors F1, F2, F3, F4
and F5 account for 20.77%, 15.68%, 11.89%,
9.24% and 6.43% of total variability, respec-
tively.

The association Ca-Mg-pH in opposi-
tion to the association Pb-Th-Ga-Mn-U-Hg
(F1), shows the influence of pH in the mobili-
ty of these elements in soils. The associations
Co-Sc-V-Cr-Cu-Fe-Ni (F2), La-Sr-P-Ba (F3)
Al-Ti (F4) reflect the geochemistry of these
basaltic alkaline rocks enriched in incompati-
ble elements.

The associations As-Hg (F4) and Na-B-
CE (F5) reflect the influence of anthropogenic
sources, namely the soil salinization. There
was a correlation with the levels of Na and the
areas of intense agricultural activity and
affected by sea spray and probably the advance
of seawater intrusion, (areas of overexploita-
tion of water, sand exploitation). The use of
this water leads to salinization of soils. This is
revealed by the higher electrical conductivity
values and the increase of Na and Cl concen-
trations in groundwater along the coast area.

Conclusion
In Santiago island, in areas away from

urban settlements or industrial sites, baseline
and background values are mostly coincident.
Potentially polluted areas are very small in
size, except at some locations where the
anthropogenic influence on soils is clearly evi-
dent due to the wide extent of local industrial
and agricultural activities.

The geochemical mapping allowed us to
establish relationships between the geochem-
ical signatures of the elements and geological
formation, and possible sources of pollution
(such as saline intrusion, agriculture).

Elemental associations obtained by
means of R-mode factor analysis are very use-
ful in distinguishing natural (F1, F2, F3 asso-
ciations) from anthropogenic (e.g. F4 and F5
association) geochemical sources. The associ-
ation F5 (Na, B, CE) clearly marks areas
where human activities mostly influence

baselines values, namely irrigation with salt
water.
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Heavy Metals Forms in Soils Reclaimed 
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Abtract

The paper presents results from sequential analysis of zinc and lead in profiles of
soils reclaimed using post-flotation lime and sewage sludge. Studies were carried out on
the area of the former sulfur exploitation by means of well method in Jeziórko. Recla-
mation was made there in 2000 - 2005. In order to neutralize strong soil acidification,
the post-flotation lime was applied at the rate of 300 t ha-1, and municipal sewage
sludge at 100 t ha-1 DM rate was used once to fertilize devastated soils. Forest was set
on reclaimed area (outcrops No 1, 2, 3, and 5). However, trees fell thus the area was
grown by tall grasses. Within outcrop No 4, grass was sown after reclamation, hence the
area is performed as a meadow.

Soil samples were collected from 5 profiles, separately from each layer up to 100 -
180 cm depth. Following items were determined in collected samples: pH in 1 mol KCl
dm-3, granulometric composition by means of Cassagrande's method and Prószyński's
modification, total zinc and lead contents, as well as these metals fraction by means of
BCR method and applying ICP device. Results were statistically processed.

Total zinc content in examined profiles varied ranging from 17.3 up to 378.0 mg
kg-1. In majority of profiles, zinc accumulation in surface layers was recorded. Residual,
then water-soluble (I) fractions made up the highest shares in the total content of the
element. 

The total lead concentration did not show any variations in studied soils profiles
(39.9-73.9 mg kg-1). Residual fraction also made up the largest per cent in the total con-
tents as comparing to other 3 fractions. Unlike zinc, lead was strongly bound by humus,
which indicates high percentage of fraction III as compared to fractions I and II.
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Thallium in the Environment
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Abtract

Thallium is an element toxic for humans, animals, plants and micro-organisms.
However, its concentration and mobility in the environment is poorly recognised. The
major sources of thallium pollution are sulphids such as pyrite or zinc-lead ores. Knowl-
edge concerning thallium in non-polluted environment is only fragmentary. 

The aim of this work is to summarise knowledge concerning thallium in the soil
and water environment of a zinc-lead ore processing area located between Cracow and
Silesia, as well as of reference areas. Thallium concentration in soils derived on ore-bearing
dolomites is compared with thallium in soils derived on the other lithology of the parent
rock, such as dolomites, limestones and marls, claystones, siltstones and conglomerates,
glaciofluvial sands and gravel, slope-wash sands, loams and loesses. Apart from the total
concentration of thallium, its concentration in soil fractions (water soluble, exchange-
able, reducible, oxidisable and entrapped in parent matter) is compared. The main con-
clusion of these investigations is that the major amount of thallium in all kinds of soil,
apart from soil formed on ore-bearing dolomites, is entrapped in parent matter and
entirely immovable. In the case of soil formed on ore-bearing dolomites, the major part
of thallium is in an oxidisable i.e. in sulphid containing fraction. 

In order to investigate thallium mobility, the element concentration in water, bot-
tom sediments and soil of flood plain terraces of rivulets from zinc-lead ore processing
area was determined. Apart from total concentration of thallium, its concentration in
soil and bottom sediment fractions was determined. Both total and sulphid fraction thal-
lium concentration decreases along the rivulet current starting from the processing site.
The same is observed in the rivulet water. Thallium in the soil of flood plain terraces is
secondary to bottom sediments. 

Thallium in fractions of the great tsunami 2004 sediments was also investigated.
The major part of thallium of these samples is entrapped in parent matter, confirming
the general significance of this observation.
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Heavy Metal Removal from Waste Waters by Ion Flotation

R. Ahmadi, A. Khodadadi 

Department of mineral processing, Mine faculty, Tarbiat modares University, Iran

Abstract

An increasing demand for fresh water along with the larger amounts of wastewater
generation due to increase in the world population and development of industrial appli-
cation make the recycling of the wastewater an imperative issue. Presence of heavy met-
als which display high and long term toxicity, create limitations on the recyclability of
these waters. The amount of heavy metals is especially high in industrial wastewaters
and endangers public health and the environment if discharged without adequate treat-
ment. Methods such as chemical precipitation, solvent extraction, reverse osmosis,
ultrafiltration, electrodialysis, ion exchange and adsorption are commonly used for this
purpose. Ion flotation may be an alternative method to remove heavy ions from waste
waters. The process of ion flotation is based on imparting the ionic metal species in
wastewater hydrophobic by use of surface active agents (surfactants) and subsequent
removal of these hydrophobic species by air bubbles. The size of air bubbles in flotation
cell should be fine to present sufficient surface area for collection. The reagents which
control the size of the bubbles are called frothers. Some common flotation frothers are
MIBC (methyl isobutyl carbonyl), ethanol, methyl ethers (e.g. Dowfroth 250) and
polypropylene glycol. The species which are floated in ion flotation are the metal ions. A
successful removal of metal ions should correspond to a large metal ion/water ratio in the
froth phase. It follows that the selectivity of the ion flotation process must be evaluated
based on the relative recoveries of both the metal ions and water from the flotation cell.
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Introduction
Chromium is a highly toxic heavy

metal, especially anionic forms of hexavalent
chromium - Cr2O7

2- and CrO4
2- (Chen and

Hao, 1998). Chromium content in plants is
positively correlated with Cr concentration in
the soil (Ray et al., 1989). Its toxic effect on
plants depends on the contamination and soil
properties, eg. humus content, sorptive capac-
ity, reaction of soil, acidity, soil microorgan-
ism number and its enzymatic activity
(Wyszkowski and Radziemska, 2009).

The study has dealt with the effect of Cr
(III) and Cr (VI) as well as pollution mitigatin-
ng substances added to polluted soil (com-
post, zeolite, calcium oxide) on the content of
some trace elements in soil.

Materials and Methods
The tests were carried out in a green-

house at the University of Warmia and
Mazury in Olsztyn (Poland), in 9.5 kg capaci-
ty polyethylene pots, filled with soil of grain
size distribution typical of loamy sand which
characterized by the following properties: pH
in  1 mol dm-3 of KCl - 5.0 unit, exchangeable
base cations (EBC) - 100.0 mmol kg-1; cation
exchange capacity (CEC) - 126.6 mmol kg-1;
base saturation (BS) - 79.0%, content of: Corg
- 7.87 g kg-1, Pavail. - 90.2 mg kg-1, K avail. -
37.9 mg kg-1, Mg avail. - 77.0 mg kg-1, Cr -
12.95 mg kg-1, Mn - 219.90 mg kg-1, Cu -
9.01 mg kg-1, Zn - 24.25 mg kg-1, Ni - 3.99
mg kg-1, Co - 2.37 mg kg-1. Prior to placing in
pots, the soil was artificially contaminated
with aqueous solutions of chromium (III) in

the form of KCr(SO4)2
. 12H2O and chromi-

um (VI) as K2Cr2O7, introduced at the rates
of 0 (control), 25, 50, 100 and 150 mg Cr kg-1
of soil. The soil in each pot was enriched with
basic macro- and micronutrients (in w mg kg-l
gleby: N - 110 [CO(NH2)2 +
(NH4)6Mo7O2

4 � 4H2O + (NH4)2HPO4], P
- 50 [(NH4)2HPO4]; K - 110 [KCl +
KCr(SO4)2

. 12H2O + K2Cr2O7], Mg - 50
[MgSO4 � 7H2O], Mn - 5 [MnCl2 � 4H2O],
Mo - 5 [(NH4)6Mo7O24 � 4H2O], B - 0.33
[H3BO3]) as well as substances mitigating the
effects of chromium, such as compost and
zeolite, introduced to the soil in the amount
of 3% of the whole soil mass, and calcium
oxide (50%) in the amount equal 1 hydrolytic
acidity. In each pot, 25 plants of the Polish
cultivar Kasztan oat (Avena sativa L.) were
grown. When the plants were harvested dur-
ing the full maturity phase, soil samples were
collected for laboratory analyses.

After the harvest of crops, samples of
soil were taken from each pot, dried at room
temperature, crushed and sieved. The soil
material were mineralised in concentrated
nitric acid (V) of the density of 1.40 g cm3 (at
20oC) in hermetically closed Teflon vessels
HP500 in a microwave oven MARS 5
(Microwave Accelerated Reaction System,
manufactured by CEM Corp.) by US-
EPA3051 (1994) method and  the next select-
ed trace elements (chromium, manganese,
copper, zinc, nickel and cobalt) were analysed
using the atomic absorption spectrophotom-
etry (AAS) method with Sigma Aldrich
Chemie GmbH certified reference mterial.

Use of Compost, Zeolite and CaO for Limiting the Effect of Chromium
(III) and Chromium (VI) on the Content of Trace Elements in Soil

M. Wyszkowski1, M. Radziemska2

1Department of Environmental Chemistry, University of Warmia and Mazury in Olsztyn,
Plac Łódzki 4, 10-727 Olsztyn, POLAND, miroslaw.wyszkowski@uwm.edu.pl
2Department of Environmental Chemistry,University of Warmia and Mazury in
Olsztyn, Plac Łódzki 4, 10-727 Olsztyn, POLAND, maja.radziemska@uwm.edu.pl

Abstract
The study has dealt with the effect of Cr (III) and Cr (VI) as well as pollution mitigatin-

ng substances added to polluted soil (compost, zeolite, calcium oxide) on the content of
some trace elements in soil. Soil contamination with chromium, especially Cr (VI), had sig-
nificant effect on the content of trace elements in soil. Under the increasing contamination
with Cr (III) and Cr (VI), more total chromium, manganese and zinc appeared in soil. Con-
centrations of copper, nickel and cobalt in the analyzed soil were negatively correlated with
the increasing soil contamination with tri- and hexavalent chromium. Calcium oxide and
zeolite had a large effect on the content of trace elements in soil than compost.

Key words: Cr(III); Cr(VI); contamination; soil; trace elements



76315th ICHMET

SOIL CONTAMINATION

Table 1. Content of chromium, manganese and copper in 1 kg d.m. of soil after oats (Avena
sativa L.) harvest, in mg.

The obtained results were statistically
analysed with the use of STATISTICA soft-
ware (StatSoft, Inc. 2007) using an ANOVA
three-factor analysis of variance and  Pear-
son's correlation coefficients.

Results and Discussion
Soil contamination with chromium

had significant effect on the content of trace
elements in soil, especially when Cr (VI) was
present (Tables 1-2).
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Table 2. Content of zinc, nickel and cobalt in 1 kg d.m. of soil after oats (Avena sativa L.)
harvest, in mg.

Under the increasing contamination
with Cr (III) and Cr (VI), more total chromi-
um, manganese and zinc appeared in soil.
Concentrations of copper, nickel and cobalt
in the analyzed soil were negatively correlat-
ed with the increasing soil contamination
with tri- and hexavalent chromium. In the
pots polluted with hexavalent chromium,
soil supplementation with compost and zeo-
lite significantly depressed the content of
manganese but raised the amount of copper

in the analyzed soil, when compared with
the control (no supplementation). Addition-
ally, zinc content rose under the influence of
compost and that of cobalt was positively
affected by zeolite. Compost added to soil
depressed the content of nickel and cobalt in
soil polluted with Cr (III), in contrast to the
concentration of zinc. Soil supplementation
with calcium oxide significantly limited the
concentration of chromium, copper, nickel
and cobalt in pots polluted with Cr (III) as
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well as nickel in pots polluted with Cr (VI).
Moreover, it contributed to a slight increase
in the content of chromium and copper in
soil, but only in the pots polluted with Cr
(VI). 

Conclusion
Soil contamination with chromium,

especially Cr (VI), had significant effect on
the content of trace elements in soil. Under
the increasing contamination with Cr (III)
and Cr (VI), more total chromium, man-
ganese and zinc appeared in soil. Concentra-
tions of copper, nickel and cobalt in the ana-
lyzed soil were negatively correlated with the
increasing soil contamination with tri- and
hexavalent chromium. Calcium oxide and
zeolite had a large effect on the content of
trace elements in soil than compost.
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Introduction
Following the municipal and industrial

sewage discharge into rivers the sediments of
the many rivers characterize greatly increased
contents of trace elements in comparison to
the natural geochemical background. Conta-
minated sediments deposited at the bottom of
rivers pose a threat to adjacent terrestrial
environments, because such sediments,
moved during the floods on soils of terraces,
may introduce them large quantities of heavy
metals and harmful organic substances. Pol-
luted floodplain soils with heavy metals and
persistent organic pollutants are found in the
many places (Bojakowska and Sokołowska,
1995; Miller et al., 2004). Floodplain soils
contaminated by lead, cadmium or other
heavy metals pose potential risks to humans
and animals through consumption of fruits,

vegetables and cereals grown in these polluted
soils (Albering et al. 1999, Liu et al., 2005;
Šmejkalová et al 2003).

The Wieprz River, the length 302 km2,
is the right side tributary of the Vistula River
and the basin area surface - 10,415.2 km2.
The Wieprz river catchments in the northern
part is covered by Quaternary rocks (boulder
clay, stagnant silts and sands) forming a con-
tinuous cover. In central and southern part of
the basin from under the Pleistocene loess
reveal on the surface older sediments - Pale-
ocene and Cretaceous limestone, marl, chalk
and gaize. In the River and its tributary valleys
occur Holocene fluvial and organic sedi-
ments. All these rocks characterize small con-
centrations of trace elements. In the basin
Wieprz river are excavated a number of miner-
al raw materials, most significant of which are

Heavy Metals in Soils of the Wieprz River Floodplains

I. Bojakowska1, O. Kozłowska2, J. Kucharzyk3, 

D. Lech4, J. Szymborska-Kaszycka5
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2Polish Geological Institute - National Research Institute, 00-975 Warszawa,
Rakowiecka4, POLAND, olimpia.kozlowska@pgi.gov.pl
3Polish Geological Institute - National Research Institute, 00-975 Warszawa,
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Abstract
Polluted sediments with high contents of trace elements, accumulated at the river bot-

toms, create a pollution threat to adjacent land environments. Such sediments, moved dur-
ing the flood on the river terrace contribute the significant quantities of heavy metals to
soils. On the Wieprz river (the length 302 km) catchment area, besides typical agricultural
regions and giant forest complexes, the large industrial centres such as Lublin and Swidnik
are located. From Wieprz River floodplain 148 soil samples were collected along the 38 pro-
files. Samples were collected from a depth of 0 -20 cm, at 5 and 15 m from the edge of water
from both sides of the river. The samples were analyzed for contents of Al, As, Ba, Ca, Cd,
Co, Cr, Cu, Fe, K, Mg, Mn, Mo, Na, Ni, P, Pb, S, Sr, Ti, V, Zn, Ag, Sn and Sb by the ICP-MS
method, Hg by CV-AAS method and the content of organic carbon (TOC) by coulometric
titration. The soils are found to contain arsenic up to 13 mg/kg, cadmium - 25 mg/kg, cobalt
- 11 mg/kg, chromium - 55 mg/kg, copper - 56 mg/kg, nickel - 26 mg/kg, lead - mg 138/kg,
zinc - 336 mg/kg, silver - 1.6 mg/kg tin - 9.9 mg/kg of mercury - 0.235 mg/kg. Soil samples
taken at a distance of 5m from the river were characterized by higher concentration of cad-
mium, cobalt, chromium, copper, nickel, manganese, lead, strontium, zinc and silver than
soil samples collected at a greater distance (15m). No differences in concentrations of
arsenic, barium, molybdenum, vanadium, tin and antimony among soils collected at a dis-
tance of 5 and 15m from river indicates that these elements are primarily of geogenic origin.

Key words: Heavy metals, pollution, soils, floodplain
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coal, sands, gravels, clay and carbonate rocks.
In the Wieprz river catchments area there are
in addition to typical agricultural areas and
giant forest complexes the large industrial
centers such as Lublin and Swidnik.The
source of the pollution of the Wieprz river and
its tributaries are wastewater discharged eg.
from Lublin to the Bystrzyca river, from
Zamosc to the Labunka river, from Swidnik
to the Melgiewka river and from the hard coal
mine "Bogdanka" to the Swinka river.

Materials and Methods
From Wieprz River floodplain, in a cho-

sen 38 profiles 148 soil samples were collect-
ed. Samples were taken from a depth of 0-20
cm, at 5 and 15 m from the edge of water from
both sides of the river. The samples were ana-
lyzed for contents of Ag, Al, As, Cd, Co, Cu,
Mo, Pb, Sb, Se, Sn and Tl by ICP-MS method,
using the ELAN DRC II, Perkin Elmer, the
contents of Ba, Ca, Co, Cr, Fe, K, Mg, Mn,
Na, P and Sr, Ti, V and Zn by ICP-OES meth-
ods, using iCAP6500 Thermo Scientific,

USA, the contents of Hg by CV-AAS tech-
nique, using the AMA Altec, and the content
of organic carbon (TOC) by coulometric titra-
tion.

Results and Discussion
Arsenic, cobalt, molybdenum and anti-

mony are present in very low contents in stud-
ied the Bystrzyca river floodplains soils. In
soils of the arsenic content was found up to 13
mg/kg but in most samples tested its contents
did not exceed 5 mg/kg and it was similar to
the geochemical background values (Lis,
Pasieczna, 1995). Cobalt was present mostly
in the concentrations of 2-4 mg/kg. Molybde-
num content above the limit of quantification
was found only in two samples, and the anti-
mony content in the vast majority of the sam-
ples did not exceed 0.6 mg/kg. Other elements
occurred in much higher concentrations in
these soils. The bar in 45% of analyzed sam-
ples was present in concentrations higher
than geochemical background - 50 mg/kg.

distance 5 m distance 15 m 
Element  

a b c d a b c d 

As <5 <5 13 <5 <5 <5 8 <5 

Ba 51 50 126 14 51 46 117 22 

Cd 1.7 <0,5 25.0 <0,5 1.2 <0,5 20.8 <0,5 

Co 3 2 11 1 2 2 11 1 

Cr 13 10 55 1 12 9 71 2 

Cu 9 7 56 1 8 6 25 1 

Hg 0.040 0.031 0.235 0.004 0.039 0.029 0.175 0.005 

Mn 330 262 2110 25 291 234 1100 29 

Mo <1 <1 1.5 <1 <1 <1 <1 <1 

Ni 8 7 26 1 7 6 25 1 

Pb 14 10 138 <5 13 9 138 <5 

Sr 47 33 405 4 41 35 242 5 

Ti 126 114 247 31 132 121 406 31 

V 10 9 28 1 10 9 31 2 

Zn 59 34 336 6 46 34 336 9 

Ag 0.16 0.06 1.64 0.03 0.13 0.06 1.38 0.03 

Sn 0.9 0.7 9.9 <0,5 0.9 0.7 7.5 <0,5 

Sb 

mg/kg 

0.25 0.21 1.15 <0,05 0.26 0.19 1.52 <0,05 

Al 0.555 0.470 1.640 0.122 0.573 0.487 1.890 0.133 

Ca 0.97 0.58 5.87 0.04 1.10 0.63 19.90 0.05 

Fe 0.91 0.65 6.78 0.10 0.83 0.72 2.87 0.20 

K 0.102 0.096 0.221 0.029 0.109 0.099 0.254 0.027 

Mg 0.12 0.12 0.29 0.01 0.13 0.10 0.41 0.02 

Na 0.018 0.015 0.052 0.007 0.017 0.015 0.050 0.006 

P 0.071 0.053 0.928 0.009 0.055 0.050 0.242 0.008 

S 0.030 0.028 0.068 <0,005 0.030 0.029 0.087 <0.005 

TOC 

% 

2.15 2.01 5.13 <0,05 2.18 2.10 4.89 <0,05 

Table 1. Statistical parameters of elements in the Bystrzyca River floodplain soils.
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Cadmium content higher than 0.5
mg/kg, indicating the soil contamination,
were detected in approximately 12% of the
samples. Very high levels of cadmium were
detected in soils in cross Leszkowice (20.8
mg/kg), Sułoszyn (14,7 mg/kg), Lubartów (25
mg/kg) and Bozniewice (15 mg/kg). In more
than 40% of the samples chromium content
were higher than the geochemical back-
ground (10 mg/kg for that region), high con-
tent of Cr in soils was found in the section
Leszkowice (71 mg/kg), Sułoszyn (55 mg/kg),
Lubartów (55 mg/kg), Bożniewice (50
mg/kg). About 20% of the samples was char-
acterized by the presence of copper higher
than geochemical background. An increased
Cu content in soils were observed in cross

Jawidz (56 mg/kg), Lubartów (35 mg/kg) and
Szczebrzeszyn (33 mg/kg). Similarly, approx-
imately 20% of samples distinguish nickel
content higher than the geochemical back-
ground values, increased its content in soils
was recorded in the section Lubartów (26
mg/kg) and Bożniewicach (25 mg/kg). In
more than 30% of the tested samples were
found elevated Pb content, high levels lead
was found in profile Serniki (138 mg/kg),
Szczebrzeszyn (65 mg/kg), Siostrzytowie (44
mg/kg). In about one third of the specimens
has been elevated vanadium content com-
pared to the relatively high geochemical
background of this element in that area.
Similarly, also in about one third of the sam-
ples zinc was present in concentrations higher 

Figure 1. Mean concentration of copper, mercury, cadmium, chromium in the Bystrzyca
river floodplain soils.
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than geochemical background of the area.
High its content was detected in soils in the
cross-section Serniki (336 mg/kg), Sedowice
(330 mg/kg), Lubartow (186 mg/kg). In most
soil samples the mercury content did not
exceed 0.05 mg/kg, elevated its contents was
found in soils in cross Lubartow (0.235
mg/kg), Bozniewice (0.175 mg/kg) and
Leszkowicach (0.173 mg/kg). In part of the
samples was found relatively high contents
of silver (Lubartow, Bozniewice, Leszkowice)
and tin in profile Hutki (9.9 mg/kg), Leczna
(7.5 mg/kg) and Leszkowice (4.2 mg/kg).

Soil samples taken at a distance of 5m
from the river were characterized by higher
concentration of cadmium, cobalt, chromi-
um, copper, nickel, manganese, lead, stron-
tium, zinc and silver than in soil samples
collected at a greater distance (15m), which
indicates that the source of these metals in
soils was the movement of river contaminat-
ed sediment on floodplain terraces. No dif-
ferences in concentrations of arsenic, bari-
um, molybdenum, vanadium, tin and anti-
mony in soils collected at a distance of 5 and
15m from river indicates that these ele-
ments are primarily geogenic origin. 

The occurrence in the soils the
increased content of copper, lead, zinc, tin,
mercury was found in the upper river course,
from the Szczebrzeszyn to Ujazdów (250 -
225 km river course). These elements are
introduced into the Wieprz river with the
wastewater from Szczebrzeszyn and by flow
Labunka (receiver wastewater from
Zamosc.) In the lower river course below
Leczna (130 km rivers) occur in floodplain
soils increased content of cadmium, chromi-
um, copper, lead, tin and zinc. In the lower
section of the river pollution charges are
introduced by the influx Bystrzyca, which get
wastewater from the Lublin and stream
Swinka, which is the receiver of wastewater
from "Bogdanka" mines and Leczna. 

Conclusion
In the Bystrzyca river floodplain soils

have not been noticed the exceed of permis-
sible levels of As, Hg, Sn, Co, Ba, Mo and Ni

by Regulation of the Minister of Environ-
ment dated 9 September 2002 on standards
for soil quality [9]. However, the exceeding
the permitted levels of cadmium (1 mg/kg)
was stated in 22% of samples including in
sections: Leszkowice, Sułoszyn, Zaw-
ieprzyce, Lubartow, Jawidz. In 11.5% of
samples found to exceed the permissible
content of zinc (100 mg/kg) among others in
seccions: Serniki, Sedowice, Lubartow. The
individual samples were recorded exceeded
the permissible content of chromium (50
mg/kg), copper (30 mg/kg) and lead (50
mg/kg).
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Abtract

Standard ground waters analyzes were accompanied by determinations of Cd, Pb,
Zn, Fe, Mn concentrations in alluvial soils and ground waters in the catchment of the
Matylda stream affected by former Zn-Pb ores mining in the Upper Silesia, southern
Poland. Since half of 20th century the Matylda stream was converted into a straight
channel flowing in its middle reach over the valley bottom. Since then heavy metal pol-
luted waters of the new Matylda channel were drained to the former stream channel.
Groundwater seepage combined with surface draining by shallow ditches caused pollu-
tion of alluvial soils exceeding over 100 mg/kg of Cd, 24% of Zn and 4% of Pb at the sur-
face or in some soils horizons and reaching at least 1 m of depth. At present, the net of
ditches appear to act as a source of Ca, Mg, chlorides, carbonates, sulphates and nitrates
as indicated by more or less regular increase of these major ions concentrations in ground
waters down a ditch. Whereas, for Zn, Cd and Pb, the ditches are rather a sink in perma-
nently dry reaches, or transition zones, particularly in reaches with surface waters flow-
ing periodically. The distribution and metal concentrations in soils and waters suggest
rather slow leaching of heavy metals stored in the valley bottom and important transfor-
mation of chemical composition of waters draining the ditches.
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Introduction
Extensive anthropogenic use of Hg has

led to the contamination of various ecosys-
tems by this highly toxic pollutant.  There-
fore, the transport of mercury and its com-
pounds to and within aquatic systems, as
well as the biochemical transformations of
mercury, are still the subject of abundant
research  [Delongchamp, T.M et. all , 2009;
Li P., 2009; Merritt, K.A. and Amirbahman,
A. 2009]. Vast amounts of discharged mercu-
ry to aquatic reservoirs is finally accumulated
in the bottom sediments [US EPA. 1997].
Inorganic Hg(II) is usually the dominant
species in the bottom sediments but it can be
partially transformed into the more toxic and
bioavailable compound methyl mercury
[Hammerschmidt, C.R,et all. 2004; Sunder-
land, E.M. et. all, 2004; Bełdowski, J. and
Pempkowiak, J. 2007].  For these reasons
many studies are focused on the observation
of the spatial and vertical distributions of
mercury species in the bottom sediments (for
example: [Bełdowski, J. and Pempkowiak, J.
2003; Castelle, S. et. All., 2008]).

Kuwait Bay, a semi-enclosed area of
approximately 720 km2 in the northern part
of the Persian Gulf, is an example of the
point source of anthropogenic mercury pol-
lution from the Salt and Chlorine Plant
(SCP), which operated from 1963 to 1985.  It
was estimated that during this period at least

20 tons of mercury was discharged to the
coastal zone in the vicinity of the SCP
[Szucs, F.K., and Oostdam, B.L. 1977]. The
distribution of Hg in the bottom sediments
of Kuwait Bay (at a total of 103 locations)
was determined during the 1996-1998 sam-
ple collection campaigns, e.g. about ten years
after the closure of the factory [Al-Mayed,
N.B., and Preston, M.R., 2004]. The highest
contents of the total mercury (THg) in the
bottom sediments were observed in the
vicinity of the SCP (Shuwaikh Port) with an
average value of 36,500 ppb. The measured
contents decreased toward the northern
coastline to values of around 50 ppb, which
were still at least twice the background base-
lines of 15 - 20 ppb for these sediments [Al-
Mayed, N.B., and Preston, M.R., 2004]. The
determination of THg content profiles in the
bottom sediment cores allows, the history of
mercury pollution can be traced. Recently,
the sedimentation rates, and consequently
the dates of the deposition of particular lay-
ers for several bottom sediment cores in this
area, were measured by 210Pb and 137Cs
methods [Al-Zamel, A.Z. et. All, 2006].
Therefore, it was interesting to compare the
present THg levels in those dated cores, as
well as in a few newly collected samples,
from the northern part of Kuwait Bay.

Total Mercury Distribution in Sediment Cores from Kuwait Bay

A. Al-Zamel1, F. Bou-Rabee1, E. Lesniewska2, M. Szynkowska2, M. Dlugosz3, H. Bem3

1Faculty of Sciences, Department of Earth and Environmental Sciences, Kuwait
University,   P.O. Box 5969, Safat, Kuwait,
2Institute of General and Ecological Chemistry, Department of Chemistry, Technical
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Abstract
Five sediment cores from Kuwait Bay were taken in order to study the present distribu-

tion of the total mercury (THg) in the vicinity of the Salt and Chlorine Plant (SCP) operated
in the 1963-1985 period. The THg concentration profiles were determined also in four sed-
iments cores from the northern part of Kuwait Bay as well as the THg average contents were
measured in the surface layer (40 cm) of  five sediment samples in the entrance of Kuwait
Bay, in order to compare the present Hg levels in the other parts of this reservoir. The cores
were dated by 210Pb method.  The observed contents of mercury were in the range of 35 to
2000 µg/kg dry weight (ppb). It indicates that the bottom sediments in these three areas of
the Kuwait Bay are still contaminated by Hg. In a few cases, the depth concentration profiles
of THg were disturbed as an effect of partial mixing of the sediment layers especially in the
shallow, northern part of Kuwait Bay. This suggestion was supported by the results of addi-
tional measurements of the anthropogenic 137Cs profiles in the same cores.

Keywords: Kuwait Bay, sediments, mercury pollution, radionuclide dating
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Methods
The locations of all the 14 sampling

sites are presented in Fig.1.
The sediment core samples (# 1, 2, 3,

4, 5 and S2, S3, T1, T2) were collected using
a 7.5 cm diameter aluminium tube. The core
samples were divided into 5 cm or 10 cm
increments through the length of core, up to
40 cm.  For THg determination the samples
were dried in the ambient temperature
(~25 oC) for ~ 48 h to allow a constant
weight to be reached, then carefully mixed in
plastic polypropylene dishes.  A portion of
the samples was taken for mercury analysis,
while the remaining part was oven-dried for
12 h at 105 oC before radionuclide measure-
ment [Al-Zamel, A.Z. et. All, 2006].

The content of THg in 10 to 20 mg
samples was determined using a Mercury

SP-3D (Nippon Inst. Comp.) cold
vapour atomic absorption analyser. For each
well-homogenized sediment layer, three
samples were taken for analysis. The accura-
cy of the THg analysis was checked by deter-
mining THg content in the standard refer-
ence materials obtained from the IAEA in
Vienna: IAEA-405. The determined value
for the IAEA sample was 804.4 ± 25o, while
the certified value was 810 ppb, which
means that accuracy was better than 99%.

The 210Pb method was applied for
determining the age of each sediment layer
in the examined cores.

The details of these procedures, as well
as 210Pb and 137Cs radioactivity measure-
ments by γ-spectrometry and quality assur-
ance of the radiometric procedure, were
described elsewhere [Al-Zamel, A.Z. et. All,
2006].

Results and Discussion
Distribution of THg in previously col-

lected cores in the SCP area is shown in Fig. 2.
Presently observed total mercury con-

tents are still high, up to 1,700 ppb, close to
the average value previously determined.
The historical THg records for these sedi-
ments show basically the same shapes. 

The dates were calculated for the aver-
age sediment deposition rate of 0.27
cm/year. As expected, the highest contents,
covering the ten-year period 1975-1985, cor-
respond to the peak activity of the SCP. 

However, high THg contents for the
deeper sediment layers, beneath 15 cm, are
observed and only for one core does the mer-
cury content fall to a level of around of 50 ppb.

The elevated THg concentrations in the
sediment layers below 15 cm, which accumu-
lated before 1960 when the SCP did not yet
exist, suggest a partial but continuous Hg
remobilisation and its vertical, probably
mainly diffusive transport. As expected, the
observed mercury contents in the northern
Kuwait Bay sediments are much lower, in the
range of 20 to 250 ppb. 

Figure 1. Location map of sampling sites In the Kuwait Bay.
*Resuspension and sediment transport directions taken from: Al-Ghadban, A.N. and El- Sammak A.
2005.
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The higher values occur for sites S2
and S3, lying in the middle of the northern
coastline. Lower THg contents in the range
of 20 to 100 ppb are observed for sites T1 and
T2. However, the historical trend in mercu-
ry pollution is not clearly evident for the S1,
S2, T1 or T2 concentration profiles taken
from the northern Kuwait Bay coastline.

At that time (10 years after the SCP
closure) no increase in the THg content for
sediments from the northern part of Kuwait
Bay was observed. 

Similar levels of the THg content in the
sediment samples from the border of Kuwait
Bay and those samples collected outside
Failaka Island (Table 1) were determined.

These values are presently still higher
than those recently determined for the sedi-
ment samples collected along the Iranian
coastline (10 to 56 ppb) [Agah, H. et. all,
2009] but much lower than the average
measured content of THg ~ 540 ppb in the
southern part of the Persian Gulf [Al-Madfa,
H., et. Al 1994].

Conclusions
The observed mercury contents in the

surface sediments of Kuwait Bay exceed the
threshold effect levels (TEL) proposed in sev-
eral national sediment quality guidelines
[Hőbner , R et. all, 2009]. The highest con-

tents (up to 1700 ppb) of the mercury were
found in the upper layers of the sediments
near to the pollution source (SCP), even 23
years after its closure. However, with time,
according to the conceptual model for the
suspended sediment transport pattern in
Kuwait Bay [Al-Ghadban, A.N. and El-Sam-
mak A. 2005], the slow spreading of mercu-
ry pollution to the northern part of Kuwait
Bay may take place. Therefore, presently
slightly higher contents of THg (50-280 ppb)
in comparison to the values determined dur-
ing the 1996-1998 sampling campaigns are
observed. 
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Introduction
Before starting the monitoring of soil

cover in Klaipeda, the exploratory geochemi-
cal investigations were done in 2006. The
samples from the cover of football stadiums
of the city and from the territories of educa-
tion and learning institutions (schools) were
among different other samples. Stadiums
and schools, which are usually side-by-side,
differ according to accumulation of pollu-
tants. Besides the influence of contamina-
tion with atmospheric fallout, the surround-
ings of schools are also directly affected by
other types of pollution arising from motor
vehicles, which are parked alongside the
schools, from construction materials of sur-
rounding buildings and other urban or social
activity. Meanwhile the stadiums can usual-
ly be influenced only by atmospheric pollu-
tion transfer or lawn fertilizers.

The aims of this research were the fol-
lowing: 1) to determine local geochemical
background and its peculiarities in compari-
son with median element contents in
Lithuania and Europe, 2) to distinguish
chemical elements which determine con-
tamination level and characterise the peculi-
arities of their distribution on the territory. 

These was a hypothesis about the pos-
sibility of the influence of the former galvan-

ic batteries works (GBW), which was one of
the greatest factories in the former Soviet
Union, operated in the seaport Klaipeda
from the middle of the XXth century till
1989. Basing on analysis of 20 topsoil sam-
ples taken in 1991 on the territory of the first
workshop of GBW, the pollutants were
arranged according to their descending aver-
age concentration coefficients Kk,av as fol-
lows: Hg(Kk,av = 193; maximum deter-
mined content was 16.9 mg/kg), Zn(93;
13600), Cu(30; 499), As(29; 1525), Sn(27;
377), Mn(24; 13870), Ni(17; 2087), Pb(12;
840), Ag(10; 3,9), Mo(4.8; 17,6), Sr (6.3;
1526), Co(3.4; 43), Ba(2.4; 6980), Cr(2.1;
245). According to other 15 topsoil samples
taken at the same time on the territory of the
second workshop of GBW the elements were
arranged as follows: Hg(Kk,av = 70; maxi-
mum value was 5.5 mg/kg), Zn(4.1; 752),
Mn(3.6; 2590), Ni(1.8; 44), Sr(1.6; 377). For
other elements Kk,av were lower than 1.5. 

Materials and Methods
Topsoil samples were collected from a

depth of 0-10 cm from the territories of 51
school and from the cover of the lawn of 21
stadium and were a composite of 20 to 30
sub-samples. These samples were dried and
sieved to < 1 mm, then split and randomised 
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Abstract
The aim of the research was to reveal the main peculiarities of pedogeochemical accu-

mulation on the territories of 51 schools and 27 football stadiums in the seaport Klaipeda
(Lithuania). Energy dispersive X-ray fluorescence and optical atomic emission spectropho-
tometry were used for determining the total contents of Ag, Al, As, B, Ba, Br, Ca, Cl, Co, Cr,
Cu, Fe, K, Mg, Mn, Mo, Na, Ni, P, Pb, Rb, S, Sb, Se, Si, Sn, Sr, Th, Ti, Tl, U, V, W, Zn, Zr.
in topsoil. It is established that the right-bank central part of the city, where there are ship-
ment storehouses and where the main shop of galvanic batteries works operated until 1989,
is the most plentiful in toxic chemical elements. There is close relationship of accumulating
associations with shipment storehouses of the seaport (Cr, Sn, Sr, Ag ir Pb) and urban devel-
opment (Ag, Pb, Cu, Zn, Cr, Sn, Mo, Sr, P, S). The galvanic batteries works is not identified
as the main pollution source of the city environment. Parallel pedogeochemical research has
shown that the average content of Cl around the schools is 3.4 times higher than on the
playing surfaces of the neighboring stadiums, of Zn 2.0 times, of S 1.4 times, of Cu 1.3
times, of Pb, Br, B, Mg, Ag 1.2 times of Cr, Sn, P 1.1 times higher, respectively. 

Key words: heavy metals, galvanic batteries, urban topsoil, schools, football stadiums
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before submitting them for analysis. Real
total contents of Al, As, Ba, Br, Ca, Cl, Co,
Cr, Cu, Fe, K, Mg, Mn, Mo, Na, Ni, P, Pb,
Rb, S, Sb, Se, Si, Sn, Sr, Th, Ti, Tl, U, V, W,
Zn and Zr were measured by EDXRF equip-
ment Spectro Xepos using screening analysis
of turboquant methods, meanwhile of Ag, B
and Co values by optical atomic emission
spectrophotometry (OAES) using spectro-
graph DFS13 at the Institute of Geology and
Geography (IGG) of Nature Research Cen-
tre, Vilnius. All samples were analysed twice
and mean values of results were used for data
analysis. Relative standard deviations RSD
of double measurements of samples were
within the intervals 20-30% for U, Sb, W, Se
and Tl, 10-20% for As, V, Ag and Cl, 5-10%
for Th, S, Cu, Sn, Mo, B and Cr, 3-5% for Br,
Y, Na, Ni, Zr, Ga, Pb, Co, Nb and 0.8-3% for
Rb, Sr, Fe, Si, K, Mn, Zn, Al, Ti, Ba, Ca, Mg
and P. Quality control and improving of lab-
oratory results has been performed since
1998 for OAES and since 2007 for EDXRF by
participation in "International Soil-analyti-
cal exchange" (ISE) program organised by
Wageningen University (Houba et al., 1996).
More than 50 ISE reference samples and
other certified reference materials were used
for the recalibration of results. 

More than a half of the contents of Sb,
Se, Tl, U, W were below double value of their
detection limit and the concentrations of Al,
Fe, Ga, Y, K, Nb, Rb, Si, Sr, Th, Ti, V, Zr
were within the near interval of their local
background concentrations Cf. Therefore
the greater part of these elements will not be
analysed. Only 14 trace elements Ag, As, B,
Ba, Co, Cr, Cu, Mn, Mo, Ni, Pb, Sn, V and
Zn listed in HN 60:2004, also important ele-
ments of geosphere and biosphere Al, Fe, K,
Mg, Na, P, S, Si, Sr and elements Cl, Br, B, S,
Na which are specific to sea aerosols were
selected for this research. 

The local background values Cf were
calculated as the third median value from
the set of analytical results of 20 topsoil sam-
ples not located in the centre of the city after
2 consecusive eliminations of the measured
values outside the interval (M-2S, M+2S),
where M is the consecutive median and S is
consecutive standard deviation. 

The additive soil contamination index
Zs14 was calculated by summing up concen-
tration coefficients Kk of 14 chemical ele-
ments Ag, As, B, Ba, Co, Cr, Cu, Mn, Mo,
Ni, Pb, Sn, V and Zn listed in Lithuanian
hygienic norm HN 60:2004 (Lithuanian,

2004). The coefficients of danger K0 were
also calculated using the values of maximum
permitted concentrations CP and methods
presented in HN 60:2004. General danger of
contaminated soil was estimated by choos-
ing more dangerous from two categories:
either according to Zs14 or according to K0. 

Spearman rank correlation coefficients
were analysed between the contents of the
elements forming anomalies (except for Hg)
and the distances from two workshops of
GBW, location sites of shipment storehous-
es and Memelburg castle, i.e. the site where
development of the city started. 

Principal component analysis with
varimax normalised rotation was used for
distinguishing of associations. 

Results and Discussion
Local geochemical background Cf

(Table 1) is distinguished by more than 3
times higher values of Sn, 2.1 times higher S,
1.9 times higher Zn, 1.6 times higher Pb and
P, 1.5 times higher Ca, 1.4 times higher Mg,
1.3 times higher Cu, 1.2 times higher Mo
and Ni, 1.1 times higher Na in comparison
with agricultural soils of Lithuania
(Reimann et al., 2003). Median contents of
elements presented in geochemical atlas of
Lithuania (Kadenas et al., 1999) also con-
firm relative enrichment of local background
of Klaipuda Cf in the following elements: Zn
(2.2 times), P (1.7), Pb (1.4), Sn (1.3), Cu (1.1). 

In comparison with agricultural soils of
Northern Europe (Table 1), the topsoil of
schools (MDSc) and stadiums (MDAt) locat-
ed in the city centre is distinguished by high-
er median contents of the following ele-
ments (respective enrichment factors are in
parentheses): Zn (5.8 for MDSc and 2.1 for
MDAt), Cl (5.4, l.4), Sn (3.9, 5.1), Pb (3.1,
3.3), Cr (2.7, 1.2), S (2.6, 2.1), Cu (2.5, 1.6),
Ca (2.1, 1.0), Mg and Ni (1.3, 0.9), P (1.3,
1.1), Si (1.1, 1.2). 

Factor analysis of data of 20 samples
used for background estimation has shown
that the elements Ni, Cr, Fe, Cu, V, Al, Co,
Mg, Ti and K, which are indicators of clay
and iron group minerals, are mostly related
to the 1st factor (its input to total variation is
29.1%), their correlation coefficients are the
highest (r>0.5), meanwhile Si, which is rep-
resentative of sandy clastogenic soil, is their
antagonist. The 2nd factor (17%) unites the
elements K, Al, Ti of clay soil and Mg, their
antagonists are biophylic elements P, Zn, S,
Cu. Representatives Ca, Br, Mg and S related 
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to carbonates, which are antagonists to Si,
are correlated with the 3rd factor (14.4%).
The 4th factor (13.0%) reveals the group of
elements Pb, Ag, Sn, Cu, (Zn) prevailing in
technogenous anaomalies. Such grouping of
elements is not accidental and shows that
part of the elevated contents of Ag, Sn, Pb,
Cu, Zn in conditions of ralative background
might be determined by technogenic activi-
ty. Meanwhile part of elevated contents of
other elements is determined by natural
sorption of minerals (relationship with Al, K
and Fe) or biogeochemical processes (rela-
tionship with P, S, Ca). 

Table 1. Median values pedogeochemical
parameters in topsoil of football stadiums
and schools of the centre of Klaipeda.

Abbreviations. Median values in the centre of
Klaipeda, in mg/kg: MDAt - in stadiums, MDSc -
in schools, ASEU - in agricultural soils of North-
ern Europe (Reimann et al., 2003), Cf - local
background value. When no data are given by
Reimann et al. (2003), the median values from
geochemical atlas of Lithuania (Kadunas et al.,
1999) are given instead, they are marked by aster-
isk. Medians in Klaipeda which are higher than
ASEU yra in bold.

No significant (p<0.05) negative
Spearman rank correlation coefficients were

revealed between the contents of elements in
topsoil of the parts N2 and N3 (Fig.1) and
the distance of sampling sites from location
of the second workshop of GBW. On the
contrary, significant positive relationships
with this distances were found for Sn, Sr, Pb,
Cu, Mo, Ag. 

The Kk of chemical elements in topsoil
of newer quarters of the city (N3), which
were started to build since the middle of the
second half of the XXth century and which
are located to the west and southwest from
the second workshop of GBW and the terri-
tory of free economic zone, in rare cases
exceed 2. In all school or stadium territories
on this peripheral part topsoil Zs14 does not
exceed 16 and the values of coefficient of
danger K0 do not exceed 1. Therefore topsoil
state of stadiums and schools in this part of
the city is estimated as permissible. 

In the central left-bank topsoil of 2
schools belongs to moderately hazardous
category, Zn, Cu and Pb contribute more
than 50% to their Zs14. Moderately haz-
ardous contamination category of 1 stadium
is determined by Pb (Kk = 6; 1<K0 <3).

From 11 schools and 4 stadiums locat-
ed in central right-bank part (N1) the con-
tamination category of 4 stadiums and even
5 schools is estimated as moderately haz-
ardous, of 2 other schools, which are near
the shipment storehouses, even as extreme-
ly hazardous. The latter ones are determined
by K0 values of Cr, which are higher than 10.
The content of Cr exceeds its maximum per-
mitted concentration CP given in HN
60:2004 in 8 schools and 1 stadium, Zn in 4
schools, Cu and Sn in 2 other schools. In
most cases the moderately hazardous con-
tamination category is determined by Cr
content, this element is in accumulating
associations together with Zn, Pb, Sn, Cu
and Ag. 

In central right-bank (N1) and central
left-bank (N2) parts there was significant
(p<0.05) positive relationship between
measured contents of Cr, Cu, Sn and Pb and
the distance of sites from the first workshop
of GBW. However, comparison of element
contents with the site distances from ship-
ment storehouses has revealed significant
negative correlation for Cr, Sn, Sr, Ag and
Pb, which are not indicators of pollution of
GBW. 
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The expansion of technogenous con-
tamination of topsoil in the context of the
whole city is closely related to its historical
development, which is indicated by significant
(p<0.05) negative correlation between the
content of Ag, Pb, Cu, Zn, Cr, Sn, Mo, Sr, P, S
and the distance from location of Memelburg
castle. 

Comparison of side-by-side schools and
stadiums has shown that the content of Cl in
schools exceeds the respective content in stadi-
ums on the average 3.4 times, Zn 2.0 times, Ca
1.8 times, S 1.4 times, Cu 1.3 times, Pb, Br, B,
Mg, Ag 1.2 times, Cr, Sn, P 1.1 times. This
tendency is observed in all parts of the city.

Conclusion
Higher content of Sn, S, Zn, Pb, P, Ca,

Mg, Cu, Mo, Ni, Na than in all Lithuania is
the peculiarity of the local geochemical back-
ground. Anomalous high contents of trace ele-
ments, first of all of Cr are found near ship-
ment storehouses and are not related to activ-
ity of the former galvanic batteries works.
Accumulation of Ag, Pb, Cu, Zn, Cr, Sn, Mo,
Sr, P, S is related to expansion of Klaip?da.
Schools are more enriched in Cl, Zn, Ca, Cu,
Pb, Br, B, Mg, Ag, Cr, Sn, P, Ba and Ni in com-
parison with side-by-side located stadiums.
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Introduction
Recent years show increasing rate of

interest in advantages of soil remediation with
plants (phytoremediation) as opposed to con-
ventional methods.  Among phytoremedia-
tion techniques, two most popular ones can be
distinguished: phytoextraction and phytosta-
bilisation. Phytoextraction consists in extrac-
tion of metals from soil by plants, incorpora-
tion of the extracted metals in plant tissues
and their removal with the harvested plant
yield. This method, however, is applicable
only when soil contamination is not so high as
to reduce the crop's yield. The load of metals
removed from soil depends on both their con-
centration in plant tissues and the level of
crop's yield. The other method, phytostabilisa-
tion, relies on using plants for reducing the
mobility and bioavailability of contaminants,
thus limiting their harmful effect on the envi-
ronment. Contaminated areas are cropped
with plants, whose roots mechanically bind
the contaminated soil while the root secre-
tions stabilize the contaminants. Success of
metal stabilization in the rhizosphere depends
on the tolerance of plants to contamination
and ability of roots to accumulate the metals.
Unlike phytoextraction, in phytostabilization
it is desirable that metals are captured by plant
roots and not translocated to aerial tissues.
Significant translocation of metals from roots
to leaves, which can be carried by the wind,
can cause contaminants to spread. Moreover,
excessive concentration of metals in twigs or

stems can be an obstacle to biomass combus-
tion for energy generation. 

It is a beneficial solution to use energy
crops for phytostabilization. Cultivation of
these plants on contaminated land would
serve a dual purpose: soil reclamation and bio-
mass production. For this purpose, it is impor-
tant to determine tolerance of energy crops to
excess heavy metals in soil and to analyze the
transfer of metals from roots to aerial parts.
The objective of this study has been to com-
pare the resistance of willow, reed canary grass
and maize to toxicity of Cu, Ni and Zn, and
the ability of these crops to capture the ana-
lyzed metals in roots, under conditions similar
to field ones.  

Materials and Methods
A microplot experiment was conducted

in four replicates on willow (Salix viminalis),
reed canary grass (Phalaris arundinacea) and
maize (Zea mays) grown for biomass. In total,
120 concrete-curbed microplots measuring
1x1x1 m, were filled with Haplic Luvisols soil
taken from a field, preserving the natural soil
horizons (pH in KCl 5.5; fraction <0.02 mm
16%; Corg. 0.8%). 

In summer 2006 simulated soil contami-
nation was achieved using Zn, Cu and Ni in the
form of sulphates according to the following
design: the control - no metals, Cu1 -50, Cu2-
100, Cu3-200, Ni1-40, Ni2-80, Ni3-160, Zn1-
200, Zn2-400, Zn3-800 mg kg-1. Metal sul-
phates were dissolved in water and applied over
the microplots using a hand liquid sprayer. 
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Introduction
Recent years show increasing rate of
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plants (phytoremediation) as opposed to con-
ventional methods.  Among phytoremedia-
tion techniques, two most popular ones can be
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and their removal with the harvested plant
yield. This method, however, is applicable
only when soil contamination is not so high as
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removed from soil depends on both their con-
centration in plant tissues and the level of
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tion, relies on using plants for reducing the
mobility and bioavailability of contaminants,
thus limiting their harmful effect on the envi-
ronment. Contaminated areas are cropped
with plants, whose roots mechanically bind
the contaminated soil while the root secre-
tions stabilize the contaminants. Success of
metal stabilization in the rhizosphere depends
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and ability of roots to accumulate the metals.
Unlike phytoextraction, in phytostabilization
it is desirable that metals are captured by plant
roots and not translocated to aerial tissues.
Significant translocation of metals from roots
to leaves, which can be carried by the wind,
can cause contaminants to spread. Moreover,
excessive concentration of metals in twigs or

stems can be an obstacle to biomass combus-
tion for energy generation. 

It is a beneficial solution to use energy
crops for phytostabilization. Cultivation of
these plants on contaminated land would
serve a dual purpose: soil reclamation and bio-
mass production. For this purpose, it is impor-
tant to determine tolerance of energy crops to
excess heavy metals in soil and to analyze the
transfer of metals from roots to aerial parts.
The objective of this study has been to com-
pare the resistance of willow, reed canary grass
and maize to toxicity of Cu, Ni and Zn, and
the ability of these crops to capture the ana-
lyzed metals in roots, under conditions similar
to field ones.  

Materials and Methods
A microplot experiment was conducted

in four replicates on willow (Salix viminalis),
reed canary grass (Phalaris arundinacea) and
maize (Zea mays) grown for biomass. In total,
120 concrete-curbed microplots measuring
1x1x1 m, were filled with Haplic Luvisols soil
taken from a field, preserving the natural soil
horizons (pH in KCl 5.5; fraction <0.02 mm
16%; Corg. 0.8%). 

In summer 2006 simulated soil contami-
nation was achieved using Zn, Cu and Ni in the
form of sulphates according to the following
design: the control - no metals, Cu1 -50, Cu2-
100, Cu3-200, Ni1-40, Ni2-80, Ni3-160, Zn1-
200, Zn2-400, Zn3-800 mg kg-1. Metal sul-
phates were dissolved in water and applied over
the microplots using a hand liquid sprayer. 
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The test crops were sown (or planted) in
spring 2007, a year after the metals had been
introduced to the soil. The microplots were
watered when rainfall was in deficit. The yield
was harvested in the second year of cultiva-
tion, in autumn 2008. At the same time, plant
samples were taken for determination of Cu,
Ni and Zn. The plant material comprised aer-
ial parts and roots of reed canary grass; ears,
stems and roots of maize as well as leaves,
twigs and roots of willow. 

Tolerance index of metals (metal resist-
ance) was calculated according to the equa-
tion: tolerance index = (yield treated/yield
control) x 100.

Metals in plant tissue were determined
by the AAS method, having first dry ashed the
material in a muffle furnace and digested it in
hydrochloric acid.

Differences between treatments were
analyzed by ANOVA and multiple compar-
isons of means using the Tukey significant dif-
ferences test at the 5% significance level. 

Results and Discussion
Yields
The three applied doses of Cu had no

negative effect on the yield of willow. Howev-
er, the 100 mg Cu kg-1 rate led to a 13% yield
decrease of reed canary grass, and 200 mg Cu
kg-1 caused a 22% yield decrease of reed
canary grass and 53% of maize (fig. 1). Besides,
willow was characterized by the highest aver-
age index of tolerance to copper, while maize
had the lowest one (tab. 3). 

Willow and maize responded by a signif-
icant yield loss only to the highest dose of zinc
- 800 mg kg-1. In contrast, the toxic effect of
zinc on reed canary grass became already evi-

dent at the lowest rate of the metal - 200 mg
kg-1. The subsequent, higher doses caused a
13, 17 and 59% yield loss. The zinc tolerance 
index decreased in the following order: willow
> maize > reed canary grass.

Table 3. Tolerance index-average over 3 doses

Our analysis of the yields and tolerance
indexes has demonstrated that willow was
more tolerant than the other two crops to the
surface contamination of soil with metals,
which seems to suggest that the plant is suit-
able for soil remediation. At the same time,
maize was the most sensitive plant to nickel
contamination whereas reed canary grass to
zinc contamination of soil. 

Concentration of metals in plant tissues 
The lowest concentrations of metals in

plant tissues were found in willow, and the
highest ones - in reed canary grass (tab. 4, fig.
2). The difference was most evident in the case
of roots. The concentration of Cu in willow
roots was two-fold, and that of Zn or Ni even
4-5 fold lower than in roots of the other two
crops. Analogously, twigs of willow had a
lower level of metal concentrations than aerial
parts of reed canary grass and maize. There
was an exception, such as leaves of willow, in
which concentrations of Zn and Ni were com-
parable to the ones determined in aerial tis-
sues of reed canary grass and maize.

Figure 1. Plant yields in %: ∆ - willow twigs, o -top part of reed canary grass, x - stems+ears
of maize. Letters in the tables refer to the significance of differences in the yields presented
in the diagrams. Identical letters for a plant indicate no significant difference according to
Tukey's test (P<0.05).
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Table 4. Concentration in plat tissue in mg kg-1 - average over 3 doses 

The aerial parts of the tested crops did
not accumulate excessive amounts of Cu,
whose concentration never exceeded 8 mg
kg-1 (fig. 2). Copper was accumulated in
roots, which contained on average 4.5-8.5-
fold more of this element than the aerial
parts (tab. 5). The highest Cu concentration
was found in grass roots (7-48 mg kg-1), and
the lowest ones - in willow roots (4-18 mg
kg-1) (fig. 2). In his study, McBride reports
that there is a strong barrier to the transloca-
tion of Cu from roots to shoots (McBride and
Martinez, 2000, McBride, 2001). When the
concentration of Cu and other metals is ele-
vated, their transport from roots to shoots
becomes limited so that the metals are accu-
mulated mainly in roots. This mechanism

helps to protect the photosynthetic appara-
tus from excess amounts of metals, which
could interfere with the process of photosyn-
thesis (Landberg and Greger, 1996, Burzyns-
ki and Klobus, 2004). 

Nickel, similarly to Cu, was gathered
mainly in roots. The analyzed plants con-
tained on average 3.8-22.4-fold more Ni in
roots than in aerial tissues (tab. 5). There
was an exception, such as willow leaves,
which contained comparable concentrations
of Ni to those determined in roots (1-22
compared to 1-27 mg kg-1) (fig. 2). The
observation that Ni is mainly accumulated
in roots is confirmed by Seregin et al. (2003)
as well as Yang et al. (1997). 

Figure 2. Concentration of zinc, copper and nickel in plant tissue: + - roots, o - twigs or
stems, x -  leaves, . - whole top part, ∆ - ears.
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Accumulation of Zn in the analyzed crops
was different from that of Cu and Ni. Reed
canary grass was the only plant which con-
tained more Zn in roots than in aerial parts, but
even there the difference was only 2-fold, and
not 4- to 6-fold as in the case of Ni and Cu (fig.
2, tab. 5). In turn, the concentration of Zn in
aerial tissues of willow and shoots of maize was
similar to the concentration of this metal in
roots, sometimes even exceeding the latter.
Willow leaves contained twice as much Zn as
willow roots (456-448 vs 203-280 mg kg-1).
Maize ears created an exception because they
contained much more zinc than the roots. High
concentration of Zn in willow leaves was also
determined by Jensen et al. (2009).

Conclusions
Willow proved to be more tolerant to sur-

face soil contamination with Cu, Ni and Zn
than reed canary grass or maize. Such resistance
to contaminants makes it a suitable crop for
phytostabilization of metal-contaminated sites.
However, accumulation of large amounts of Ni
and Zn in leaves poses certain risk of spreading
these contaminants in the environment. 

Reed canary grass is not suited for phy-
tostabilization of areas contaminated with
zinc. The plant demonstrated a much weaker
tolerance to this element than willow and
maize. Reed canary grass is applicable to phy-
tostabilization of copper and nickel. 

Maize should not be used as a phytostabi-
lization crop on nickel contaminated soil. It was
characterized by a much lower tolerance to the
toxicity of nickel than reed canary grass or wil-
low. However, maize can be useful for phytore-
mediation of areas contaminated with zinc and
copper. 

All the tested plants accumulated copper
and nickel mainly in roots, and not in aerial
parts. Willow leaves were different because
they showed a similar concentration of Ni as
found in the plant's roots. The roots accumu-
lated much less zinc than copper or nickel. It
was especially apparent in willow, whose twigs
contained the same amount while leaves had
twice as much zinc as roots.
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Introduction
Although the problem of soil pollution

with heavy metals does not affect large areas
in Poland, nor in other European countries,
there are still numerous sites considerably,
or highly, polluted by industrial activities,
including former or present mining and
metal ore processing (Alloway 1995, Kabata-
Pendias and Pendias 2001, EEA 2007). Pol-
ish legal regulations concerning the manage-
ment of such areas and the need of their
reclamation (decontamination) are based on
the system of "soil quality standards", i.e.
maximum permissible total concentrations
of pollutants in soils. The system does not
take into account soil properties, such as
sorption capacity or pH, that are in fact cru-
cial in terms of environmental risk, as they
determine the processes of metal sorption
vs. mobilization.

Many research works, carried out in
Lower Silesia by various institutions and
surveys, confirm local occurrence of soils
polluted with heavy metals. This problem is
related first of all to the areas affected by
present and historical mining and processing
of metal ores, the vicinities of industrial and
municipal waste dumping sites, as well as

different urban and industrial areas. In some
parts of those areas, exceeded are the thresh-
old values for metal concentrations, estab-
lished as soil and earth quality standards.
Basically, the cases when soil concentrations
of pollutants exceed the values of soil quality
standards, are not necessarily selfsame with
high environmental risk. Therefore, clear
procedures for assessment of environmental
risk, caused by high concentrations of metals
and metalloids in soils, are urgently needed,
not only in Poland, but in the other countries
as well. Such procedures should be prepared
basing on the number of real examples of
strongly contaminated ecosystems. The
choice of the best strategy for soil reclama-
tion should also be a matter of discussion,
that must involve the assessment of ecologi-
cal risk and the requirements of legal regula-
tions.

In the paper, various soils heavily pol-
luted with heavy metals in Lower Silesia (SW
Poland) will be presented, focusing on the
data illustrating total concentrations of met-
als in soils and their present and potential
solubility.

Soil Quality Standards as a Tool of Environmental Risk Assessment
- Evaluation Based on Selected Cases 
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Abstract
In the paper, several cases of the lands heavily polluted with heavy metals in Lower

Silesia (SW Poland) are presented and described, focusing on the data illustrating leachabil-
ity and phytoavailability of metals as well as the risk of their bioaccumulation in the food
chain. Particular attention is given to the surroundings of copper smelters (still in opera-
tion), the areas of former mining and smelting of poly-metallic ores, as well as gold and
arsenic ores, and to the valleys that were flooded by tailings. Neither total concentrations of
metals in soils, nor their extractable forms, cannot be used as single parameters that illus-
trate well the real environmental risk. For each of the special cases listed above, different fac-
tors governing the potential of metal leaching or plant uptake should be identified and
described. On such basis, the relevant procedures for assessment of environmental risk
should be proposed.
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Materials and Methods
Several cases of the lands heavily pol-

luted with heavy metals in Lower Silesia (SW
Poland) have been chosen for this study.
Those lands include the surroundings of
copper smelters Legnica and Głogów (still in
operation) (Karczewska 1996, 2002, Kabała
and Singh 2001, Karczewska et al. 2010),
the areas of former mining and smelting of
poly-metallic ores, such as Miedzianka,
Leszczyna and Chełmiec, as well as Żeleźni-
ak hill in the Kaczawskie Mts. (Karczewska
et al. 2006), the areas of former mining and
processing of gold and arsenic ores in Złoty
Stok (Krysiak and Karczewska 2007), and
Czarnów, as well as the valleys of Bobrzyca
(Karczewska and Lizurek 2004) and Trująca
rivers (Krysiak and Karczewska 2007), that
were flooded by tailings produced by copper
and arsenic industry, respectively.

Soil samples were collected from the
surface layer (0-30 cm) of soils that are used
either for agriculture (arable fields, meadows
or pastures) or for forestry. These land cate-
gories belong to the same B group of poten-
tial risk, distinguished in Polish regulations
of soil quality. 

Basic soil properties were examined
(detailed results are not presented in the
abstract), and total concentrations of metals,
including As, were determined by FAAS or
ICP-EAS, after soil digestion in perchloric
acid. Additionally, to assess metals leacha-
bility and phytoavailability, soluble forms of

metals, extractable with 1M NH4NO3
(actually soluble forms) and 1M HCl (poten-
tially soluble forms), were determined.

The results will be discussed with spe-
cial attention given to ecological risk caused
by possible metal leaching or bioaccumula-
tion in the food chain. 

Results and Discussion
The soils in all of the areas examined,

show considerable, sometimes very high,
enrichment in heavy metals and/or arsenic.
Total concentrations of metals often exceed-
ed the values of Polish soil quality standards
by manifold (Table 1). However, a real solu-
bility of metals showed strong differentia-
tion, as illustrated in the Table 2, which
depends not only on total concentrations of
metals but also on their origin and specia-
tion, governed by the properties of metal
itself, and by soil properties, both those rela-
tively stable (like grain size distribution) and
those easily changeable (like redox or pH val-
ues). Very high solubility of Cu in extraction
with 1M NH4NO3 is a specific feature of
some Cu-polluted soils and does not neces-
sarily reflect a high risk of Cu leaching with
water or other neutral solutions, such as
0.1M CaCl2 (Karczewska 2002).

Particular data on present solubility of
metals in soils were analyzed in relation to
soil properties, and several examples of such
analysis will be given in the full paper. In
most cases, enhanced solubility of metals or

Table 1. Total concentrations of heavy metals and arsenic in soils (the ranges), supplied
with the values of Polish soil quality standards.



79115th ICHMET

SOIL CONTAMINATION

arsenic in soils may be predicted on the basis
of soil properties, and necessary treatment
may be proposed to reduce related environ-
mental risk. However, some unpredictable
environmental conditions, both natural and
human-triggered, may cause the increase of
pollutant mobility. Therefore, potential sol-
ubility of metals in soil should be additional-
ly assessed. The results of soil extraction
with 1M HCl, used in Poland for assessment
of potentially plant-available micronutri-
ents, indicate that potential solubility of
metals in some polluted soils may be as high
as 50-80% of total concentrations. Such
results were obtained in Głogów, in sandy
soils heavily polluted by the emissions from
copper smelter (Karczewska 2002). Howev-
er, in the old mining areas, the contributions
of potentially soluble metals to their total
concentrations in soils are usually much
lower. More data on potential solubility of
metals in contaminated soils will be present-
ed in the paper. 

The procedures of environmental risk
assessment should consider total concentra-
tions of heavy metals and arsenic in soils, as
well as their presently and potentially solu-
ble forms (Gupta et al. 1996). Additionally,
all possible paths of human exposure to
potentially mobilizable metals, and the
mechanisms that may affect soil biota,
plants and other component of ecosystem,
should be indicated and analyzed (Van
Straalen and Denneman 1989, Poggio et al.
2008).

Conclusions
The soils described in this paper, show

considerable enrichment in heavy metals
and/or arsenic, and their concentrations
often exceed highly the values of Polish soil
quality standards. Reasonable management
of such soils should be based on the analysis
of real environmental risk, as the mobility
and bioavailability of pollutants often
remains highly limited. Neither total con-
centrations of metals in soils, nor their
extractable forms, cannot be used as single
parameters that can illustrate well the real
environmental risk. For each special case of
soil enrichment in heavy metals, different
factors governing the potential of metal
leaching or plant uptake should be identi-
fied, described, and thoroughly analyzed.

Therefore, relevant, possibly simple
procedures for assessment of environmental
risk should be proposed at international
level.
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Introduction
Nowdays, mining activity is one of the

most prominent sources of metals releasing
to the environment. During mining opera-
tion such as exploitation, ore processing and
concentrating, mine tailings are generated,
while great amounts of dust containing sig-
nificant concentrations of metals are emit-
ted. These activities lead to a great contami-
nation of the surrounding environment
resulting, most of the times, in considerable
damage for ecosystems located near to the
mining sites (Cassela et al. 2007). Literature
reports several cases of environmental pollu-
tion due to mining operations of exploitation
and processing of different ores. Some of the
cases involve the releasing of lead, mercury
and cadmium to the environment (Medyńs-
ka A. et al. 2010, Medynska et al. 2009,
Pacyna et al. 2009, Macklina et al. 2003,
Milton et al. 2003). Heavy metal contamina-
tion in the vicinity of primary and secondary
smelters is mainly airborne and represents
the longest-term pollution effect of metallur-
gy, especially in agriculturally developed
zones (Ettler et al. 2005). Almost 30-years of
monitoring studies in the surrounding of

copper smelter "Legnica" showed that this
object is a great source of copper, lead, cad-
mium, arsenic in to the arable soils. To min-
imize area effected by emission, in late 80.
poplar standings were planted in surround-
ing of copper smelter. Poplar plantings in the
vicinity of copper smelter became a natural
mechanical barrier for smelter dusting. The
forest canopy acts as the initial receptor for
much of the atmospherically-delivered
heavy metals, and dissolved in rain/through-
fall is also efficiently retained by forest litter.
The surface organic horizon is a major recep-
tor of metal contaminants e.g. lead and mer-
cury (Klaminder, 2008). Subsequently litter-
fall and decomposition leads to a heavy
metal-enriched forest floor (Kaste et al.
2005, Porvari and Verta, 2003, Salemaa et
al. 2000). Some of the heavy metals can form
stable complexes with organic matter in the
soil, what can have long-lasting effect on for-
est ecosystem after emission have ceased
(Salemaa et al. 2000). Forest litter highly
contaminated with heavy metals may effect
nutrient cycling throughout the whole
ecosystem (Tyler, 1974). Many reports have
shown that short-term or long-term exposure

Lead, Mercury and Cadmium in Forest Soils Impacted 
by Copper Industry in South-West Poland

A. Medyńska - Juraszek, C. Kabała

Institute of Soil Sciences and Environmental Protection,
Wroclaw University of Environmental and Life Sciences, Poland

Abstract
Heavy metal contamination in the vicinity of primary and secondary smelters is main-

ly airborne and represents the longest-term pollution effect of metallurgy. Almost 30-years
of monitoring studies in the surrounding of copper smelter "Legnica" showed that this object
is a great source of copper, lead, cadmium, arsenic in to the soils. To minimize area effected
by emission, in late 80. poplar standings were planted in surrounding of copper smelter. The
investigation was carried in protective zone of large copper smelter near town Legnica, in
Lower Silesia region of Poland. The aim of study was to assess the total concentration of
lead, cadmium and mercury stored in forest litter and forest soils impacted by copper
smelter dusting.

Three study plots were located at distances of 0.3, 1.5 and 2.1 km from the copper
smelter. On each sample plot litter, leaf throughfall and soil samples were collected. In for-
est litters the concentration of Pb in site HM 1 (0,3 km from the smelter) reached nearly
0,65% of dry matter mass -  6 543,0 mg /kg  (in average), and in site HM 2 and site HM 3
decreased to 853 mg /kg and 566 mg /kg of dry matter, respectively. Similarly the highest
concentration of Cd (72,5 mg /kg) and of Hg (4,4 mg/kg ) were found in the nearest surround-
ing of the smelter and significantly decreased with the distance, to 6,0 mg/kg of Cd and 0,4
mg/kg of Hg at 2,1 km from the smelter. Total concentrations of all studied elements in
mineral horizons were much lower than in forest ectohumus. 

Key words: forest litters, soils, lead, mercury, cadmium, copper smelter
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to toxic metals results in the reduction of
microbial diversity and activity which is
mainly observed in inhibiting litter decom-
position and increase of undecomposed
organic matter in humus layer (Salemma et
al. 2000, Nieminen et al. 1999, Derome and
Nieminen, 1998, Berg et al., 1991). The
accumulation of Cu, Pb and others in forest
soils can cause a deficiency of base cations as
a result of their displacement by heavy met-
als (Salemaa et al. 2000, Derome and Lin-
droos, 1998). Laboratory evidence suggest
that Pb concentration as low as 200 mg kg-1
can disrupt organic matter decomposition
and associated N and P mineralization
processes necessary for the effective recy-
cling of essential nutrients in ecosystem
(Rühling and Tyler 1979, Kaste et al. 2005,
Klaminder et al. 2004). From the other hand,
forest litter acts like a sink for contaminants,
regulating the amount of heavy metals
leaching to deeper  layers (Medyńska and
Kabała, 2007) and dissolved in rain/through-
fall is also efficiently retained by forest litter.
The surface organic horizon is a major recep-
tor of metal contaminants e.g. lead and mer-
cury (Klaminder, 2008). Subsequently litter-
fall and decomposition leads to a heavy
metal-enriched forest floor (Kaste et al.
2005, Porvari and Verta, 2003, Salemaa et
al. 2000). Some of the heavy metals can form
stable complexes with organic matter in the
soil, what can have long-lasting effect on for-
est ecosystem after emission have ceased
(Salemaa et al. 2000). Forest litter highly
contaminated with heavy metals may effect
nutrient cycling throughout the whole
ecosystem (Tyler, 1974). Many reports have
shown that short-term or long-term expo-
sure to toxic metals results in the reduction
of microbial diversity and activity which is
mainly observed in inhibiting litter decom-
position and increase of undecomposed
organic matter in humus layer (Salemma et
al. 2000, Nieminen et al. 1999, Derome and
Nieminen, 1998, Berg et al., 1991). The
accumulation of Cu, Pb and others in forest
soils can cause a deficiency of base cations as
a result of their displacement by heavy met-
als (Salemaa et al. 2000, Derome and Lin-
droos, 1998). Laboratory evidence suggest
that Pb concentration as low as 200 mg kg-1
can disrupt organic matter decomposition
and associated N and P mineralization
processes necessary for the effective recy-
cling of essential nutrients in ecosystem
(Rühling and Tyler 1979, Kaste et al. 2005,
Klaminder et al. 2004). From the other hand,

forest litter acts like a sink for contaminants,
regulating the amount of heavy metals
leaching to deeper layers (Medyńska and
Kabała, 2007. The aim of study was to assess
the totconcentration of lead, cadmium and
mercury stored in forest litter and forest soils
impacted by copper smelter dusting.

Study Area and Methods
General characterization of sampling

sites
The investigation was carried in pro-

tective zone of large copper smelter near
town Legnica, in Lower Silesia region of
Poland. The Legnica copper smelter is a part
of the mining and metallurgy complex
founded in 1951. Long-term copper smelting
in the Legnica area has resulted in an exten-
sive soil contamination with number of trace
elements.

Figure 1. Location of the study sites.

Litter and soil sampling and sample
processing

Three study plots were located at dis-
tances of 0.3, 0.8 and 2.1 km from the cop-
per smelter (Fig. 1). On each sample plot lit-
ter, leaf throughfall and soil samples were
collected. Litter samples were collected from
four sites, using a steel cylinder (d = 23 cm).
Leaf throughfall was collected with leaf traps
(0,5m2x0,5m2) in four replicates. To deter-
mine seasonal fluxes of the elements sam-
ples were collected during fall/spring/sum-
mer season 2008/2009. Also on each study
plot whole soil profiles were made and soil
samples were collected. Once in the labora-
tory soil samples were air dried at room tem-
perature, until constant weight. Dried litter
samples were grounded to < 2 mm with a
mill. In all collected samples pH in distilled
water was measured. Total amounts of lead 
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and cadmium were determined on Inductively
Coupled Plasma-Mass Spectrometry (ICP-
MS) after mineralization in perchloric acid.
Lead concentration was measured with CV-
AAS technique. Quality of determination has
been monitored using soil reference materials
(NIST-1515, IAEA-V-10) with certified total
concentration of trace elements being
analysed.The term "forest litter" used in this
paper means all organic materials deposited at
forest floor, including fresh litter (fresh leaves
fall) and proper ectohumus, consisting of bet-
ter decomposed plant residues. 

Results and Discussion
General soil characteristics
All three afforested sites were situated on

similar soils, Cutanic Luvisols [IUSS, 2006]
developed of loess-like sediments, having a tex-
ture of silt loam and nearly neutral reaction in
surface mineral soil horizons. All soils devel-
oped under the poplar stands of the same age,
composition and canopy density, but signifi-
cant differences in humus layer development
were observed. They significantly differed in
thickness and mass of organic layer, as well as
in the stage of decomposition. The difference
in ectohumus thickness results not from high-
er biomass productivity in the stands near the
smelter, but rather from reduced decomposi-
tion of leaves and their accumulation in thin
compressed layers in successive years. Forest
litters on sites 2 and 3 (800 m and 2100 m
away from the smelter) consisted mainly of
freshly fallen leaves which confirms high rate
of biomass decomposition in these areas. All
forest soils and forest litters under examination
have astonishingly high pH values, in a range
of alka alkaline reaction in distilled water (pH
6,6 - 7,7). Also extremely high total concentra-
tions of calcium and magnesium, up to 2,9%
and 0,36% of dry litter mass were found. Such
properties of litters are evidences for pollution
with alkaline dust emitted by smelter these
days or in the recent past. Chemical composi-
tion of the dust emitted by the smelter was not
determined, however, up to 11% of total Ca
and up to 12% of total Mg amount in litter was
found in water-extractable form, which con-
firms that considerable part of these elements
exists on plant residues as oxides easily soluble
in water. Effect of dusting from the smelter was
observed with leaf throughfall analysis. Input
of heavy metals with biomass was counted per
1 m2. The highest was observed respectively in
the nearest surrounding of the smelter - 67
mg/m2 of Pb, 0,7 mg/m2 of Cd and 0,04
mg/m2 of Hg.

Total lead, cadmium and mercury con-
centration in forest litters 

Total concentrations of lead, cadmium
and mercury in litter horizons in the sur-
rounding of the copper smelter were much
higher than found under natural deciduous
forests in central Europe (Klaminder et al.
2008, Schwesig and Matzner 2000, Bergkvist
B. 2000) reflecting negative influence of
smelter activity on an adjacent environ-
ment.The concentration of lead in site HM 1
(0,3 km from the smelter) reached nearly
0,65% of dry matter mass - 6 543,0 mg /kg
(average), and in site HM 2 and site HM 3
decreased to 853 mg /kg and 566 mg /kg of dry
matter, respectively (Fig. 2). Similarly the
highest concentration of cadmium (72,5 mg
/kg) (Fig. 3) and of mercury (4,4 mg/kg ) (Fig.4)
were found in the nearest surrounding of the
smelter and significantly decreased with the
distance, to 6,0 mg/kg of Cd and 0,4 mg/kg of
Hg at 2,1 km from the smelter. Total amount
of investigated metals in forest litter on site
HM 1 was even ten times higher, respectively,
than on site HM 3 located 2,1 km from the
source of emission. The results of the study
show that organic horizons of the forest floor
in an immediate surrounding of copper
smelter near Legnica are strongly polluted
with lead, cadmium and mercury. From all
studied elements the highest seasonal fluxes
were determined in Pb concentrations. Fluxes
differed on the study site. In site HM 1 highly
contaminated with lead, concentration of the
element decreased during the time. Unrecep-
tively lead concentration increased with the
time on site HM 2 and HM 3 (Fig. 2). The
cause of that can be considered with a spacial
variability of dust distribution with the dis-
tance from the smelter. Less soluble forms
(strongly bounded with dust particles) can be
distributed on further distances. Unfortunate-
ly dust speciation and binding capability was
not investigated in this study.  

Cadmium concentration was more flex-
ible during seasons, and can be considered
with leaching process during decomposition
(Fig. 3). The highest decomposition rate on all
studied plots was observed during summer
months. Mercury was the most stable element
in studied forest litters (Fig. 4). Only small sea-
sonal fluxes were observed on studied sites.
The highest concentration was determined in
November, what can be considered with a
highest input of the element with a leaf
throughfall in fall season.
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Figure 2. Content of Pb in forest litter with
decreasing distances from the smelter and
seasonal fluxes of the element.

Figure 3. Content of Cd in forest litter with
decreasing distances from the smelter and
seasonal fluxes of the element.

Figure 4. Content of Hg in forest litter with
decreasing distances from the smelter and
seasonal fluxes of the element.

Total lead, cadmium and mercury con-
centration in mineral horizons 

Respectively, total concentrations of all
studied elements in mineral horizons were
much lower than in forest ectohumus. On
site HM 1 (0,3 km from the smelter) concen-
tration of cadmium in upper mineral hori-
zons (0-30 cm) was even one hundred times
lower than in O horizon. Respectively lead
concentration was fifteen times lower and
Hg five times lower. Also on the other sites
there was a significant difference between
mineral and organic horizon. The highest
content of Pb, Hg and Cd found in upper
horizons (0-30 cm) improves that contami-
nation came from anthropogenic sources.
Also higher concentration in 0-30 cm can be
considered with high contents of organic
matter and Fe-oxides and thus seem to be
due to translocation of complexed metals by
DOC in these luvisols. Concentration of all
studied elements decreased sharply with
depth in the mineral horizon.

Respectively the highest concentration
of heavy metals was found in the soil profile
HM 1 nearest to the smelter. Pb concentra-
tion reached 575 mg/kg, only 0,6 mg/kg of
Cd and 0,8 mg/kg of Hg (average from depth
0-30 cm).

Conclusions
Organic horizons of the forest floor in

an immediate surrounding of copper smelter
near Legnica were strongly polluted with
lead, cadmium and mercury. Concentration
of the elements strongly depends on dust
emission from the smelter and variable in a
period of time. Leaves throughfall is a major
source of heavy metals for ectohumus hori-
zons. Forest litter is an effective sink of Pb,
Cd and Hg contamination.
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Abstract

One of the important features that distinguish metal pollutants from other pollu-
tants is that they are not biodegradable. Once they enter the environment their toxicity
potential is determined to a large extent by their chemical form. Consequently much
attention is focus to heavy metals in biological and environmental matrices during the
last three decades mainly because of occupational exposures to heavy metals in several
chemical industries and the disposal of metal-rich wastes, mostly solid residues or
sludges from industrial effluent treatment plants or use of non-treated industrial waste
waters in irrigation. Large amounts of digested sewage sludge are disposed off to land, as
this is easy and inexpensive method of disposal. However, most of the sludges contain
certain toxic metals which are in higher amounts of than the receiving soils and it is nec-
essary that these toxic metals should be properly monitored prior to disposal to land.

Chromium is a critical metal used in a number of products that we use every day,
but it is seldom used alone. The most common application is in metallurgical end uses
in alloys, consuming 90% of virgin chromium. The addition of chromium adds corrosion
and helps in oxidation resistance to metals. Phenoxazine (PNZ), 2-chlorophenoxazine
(CPN), 2-trifluoromethylphenoxazine (TPN) were used as new spectrophotometric
reagents for the determination of trace amounts of chromium(VI) in presence of cis-
apride (CSP) and metaclopramide (MCP) as new electrophilic coupling reagents. Beer's
law is obeyed for chromium (VI) g mL-1 for g mL-1 and 0.16-1.20 in the concentration
range 0.22-1.19 phenoxazine- cisapride and phenoxazine - metaclopramide, respective-
ly. The optimum reaction conditions and other important analytical parameters were
established to maximize sensitivity of these methods. Interference by various non-target
ions was also investigated. The methods were successfully applied in the analysis of
chromium(VI) in water, soil and some biological samples.
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Chromium is a Probably a Neglected Co-Carcinogen 
for Cutaneous Melanoma

F.L. Meyskens, Jr. 
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Abstract

Ultraviolet light exposure accounts for only 40% of the attributable risk for melanoma
and classical UV- induced lesions are rare in melanomas (especially among NRAS and
BRAF mutations) [1-4]. It is therefore likely that an additional environmental factor exists
as genetic factors play a role in less than 5%. A large amount of (largely forgotten) epidemi-
ologic data indicates that heavy metal exposure is strongly associated with the development
of melanoma [5-8]. Also epidemiologic studies of joint replacement patients indicate a
marked increase in melanoma in patients with metal-on-metal hip replacements [9-12]. In
these patients chromium and cobalt levels rise to 10x normal over 1-2 years and stay elevat-
ed for over 10 years. Chromium is a known carcinogen(lung cancer in exposed workers) that
is widely used in military materials for its anti-corrosive and steel strengthening properties
[13, 14]. Also, chronic exposure of Cr (VI) in combination with UV has been shown to
induce skin cancer in a mouse model [15]. Our hypothesis is therefore that chromium, alone
or in conjunction with UV, plays a major role in the pathogenesis of melanoma. We have
incubated human neonatal melanocytes in the presence of a wide range and concentrations
of metals without effect except by Cr+6 and to a lesser degree Co+2. After prolonger cul-
ture, chromium incubated cells appear senescent , but nevertheless replate and form second-
ary colonies. We have just begun to study this phenomenon in more detail and studies with-
out and with different wavelenths of UVR will be explored studied. Of interest is that Case
et al (Bristol) have demostarted aneuroploidy in shed buccal and urinary cells in patients
with hip-on hip metal prostheses. We are arranging with Los Alamos and Galderma Phar-
maceuticals(using synchrotron radiation spectroscopy) and colleagues in the UK and Den-
mark to measure the presence of Cr in skin biopsies of patients with melanoma post hip
replacements.
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Introduction
The contamination of soils with heavy

metals is an important environmental issue,
given the rapid development of agriculture
and industry throughout the world. Elevated
levels of heavy metals in the soil are most
often the result of anthropogenic activities
such as mining, metallurgy, agriculture, the
use of lead gasoline, paints, and explosives,
as well as the disposal of municipal sewage
sludge (Luo et al.,2005, Al-Farraj and Al-
Wabel,2006, Luo et al.,2006). The severe
contamination of soils with heavy metals
may threaten the health of humans as well
as plants and animals. In addition soil high-
ly contaminated with metals may disrupt
the physical, chemical, and biological bal-
ance of the soil. Although heavy metals con-
taminated soils affect the growth of plants, a
number of species have adopted to tolerate
high concentrations of heavy metals (Alcan-
tara et al., 2001; Bricker et al., 2001; Calace
et al., 2002; Kos, et al., 2003; Liphadzi and
Kirkham 2005; Friesl,et al.,2006; McGrath,

et al., 2006; Georgeet al., 2007and  Marchi-
ol et al.,2007). Remediation of contaminated
soils using green plants, including grasses,
forbs, and woody species to remove heavy
metals or to render them harmless is cur-
rently being studied through the world.
Thus, heavy metal accumulating plants are
of great use for biogeochemical view and geo-
chemical exploration (French et al., 2006).
Also, several plant species were found to
extract high amounts of metals from con-
taminated soils (Vandecasteele et al.,2005).
In our opinion, some plant species have been
selected to assess their ability to accumulate
heavy metals from contaminated soils treat-
ed with some organic wastes. 

Materials and Methods
Surface soil samples (0- 20 cm ) having

high content of calcium carbonate (35.1%)
were collected from the experimental station
of the King Saud University at Derab about
40 km south west of Riyadh city, Saudi Ara-
bia. The physical and chemical properties of

Mutual Effect of Organic Wastes and Plant Species 
on the Remediation of Heavy Metals Contaminated Soil

M.I. Al - Wabel

Soil Science Department, Faculty of Food Sciences & Agriculture, King Saud Universi-
ty, P.O. Box 2460, Riyadh 11451, Saudi Arabia, malwabel@ksu.edu.sa 

Abstract
A simulating field experiment was carried out under green house conditions, to study

the impact of adding some organic wastes and plant species on facilitate the removal of
metal contaminants from a soil matrix. In this experiment three levels of both bio solid and
plant compost were mixed well with a silty loam soil having Pb, Ni, Zn, Cu, Cd and Mn at
the rate of 250 mg kg-1 and cultivated with Zea mays L. and Sorghum bicolor L. The
obtained results show that the productivity of Zea mays and Sorghum plants grown on the
studying soil was significantly increased as a result of increasing the application rate of
organic wastes. Moreover the addition of organic wastes caused a significant increase in the
uptake of the Zn, Cu, Cd and Mn by Zea mays L. compared to Sorghum bicolor L. plants.
Furthermore the net recovery of Zn, Cu, Pb, and Ni was significantly increased with increas-
ing the application rate of organic wastes regardless of its type. Also the net recoveries from
such metals were relatively higher in Zea mays plants compared to Sorghum plants. The
concentrations of heavy metals remained in the contaminated soils after harvesting Zea
mays were decreased with increasing the application rate of organic wastes regardless of its
type. Finally, the addition of plant compost and animal wastes to the contaminated soils,
not only contribute in increasing the productivity of the cultivated plants, but also helped in
increasing the bio-availability of such metals to be taken well by the growing plants. There-
fore plant compost and animal wastes could be successfully used at the rate of 4% along with
cultivating Zea mays and Sorghum bicolor to accelerate the removal of heavy metals from
the contaminated soils. 

Key words: Organic wastes, heavy metals, phytoremediation, Zea mays L., Sorghum
bicolor L.



80915th ICHMET

EFFECTS ON HUMAN HEALTH

the used soil were determined according to
Page et al.,(1982), Hossner (1996) for the
total heavy metals. The soil was sandy loam
in texture, having pH of 7.87, EC of 1.18
dS.m-1, O.M of 0.825%, C.E.C of 3.8 C
mol.kg-1, Field capacity of 14.22 %, wilting
point of 5.21%, available water of 9.01%,
and total Cd, Ni, Mn, Cu, Pb and Zn cocen-
trations of 1.0, 5.5, 46.4,6.0,3.2 and
16.5 mg.kg-1 respectively. The collected soil
samples were artificially contaminated with
the nitrate salts of Pb, Ni, Zn, Cu, Cd and
Mn. The amounts of adding metals plus the
initial metal content found in the studying
soil were pre calculated to obtain a soil hav-
ing total content of 250 mg from each metal
per kg dry soil. The adding metals were thor-
oughly mixed with the soil with continues
stirring, and wetting the soil to reach field
capacity until heavy metals homogeneity
with the soil. Thereafter, the contaminated
soil was air dried and thoroughly mixed and
crushed to pass through a 2 mm sieve and
kept to be used in the experiment. The
experimental treatments namely: three lev-
els (zero, 2%, 4%) of the two types of organic
wastes (animal manure and plant compost)
were mixed well with the contaminated soil
in a plastic pots of 10 kg soil capacity with a
bulk density of 1.5 kg cm-3. 

Under the green house condition seeds
of two plant species namely Zea mays L. and
Sorghum bicolor L. were planted in the con-
taminated soil. All treatments were arranged
in a completely randomized block design
with five replicates. The recommended rates
of N, P and K fertilizers were added during
the plant growing season. Irrigation was car-
ried out daily to maintain soil moisture con-
tent within the soil field capacity using fresh
water (heavy metals free water). After two
months from cultivation, plants were har-
vested. The fresh weights of the studying
species (roots, shoots and leaves) were
recorded, thereafter plant parts were oven
dried at 65 Co as their dry mass were record-
ed and statistically analyzed according to
Snedecor and Cochran (1973). Also, the
dried plants were thoroughly mixed, blended
and stored for the determination of heavy
metals by digested plants according to (Chen
et al., 2004). Also soil samples were taken at
the of experiment from each pot to estimate
the total concentrations of heavy metals in
the soil after plant harvesting. The content
of the studied metals in the digested soil and

plant were determined by the ICP (Perkin
Elmer, Model 4300 DV).

Results and discussions
Data in Table (1) show the effect of the

experimental treatments on the dry matter
yields of plants grown on heavy metals con-
taminated soils. Apparently the productivity
of Zea mays L. and Sorghum bicolor L.
plants grown on heavy metals contaminated
soil were significantly increased as a result of
increasing the application rate of organic
wastes regardless of the waste type. The ani-
mal wastes were superior to the plant com-
post in this respect. On the other hand the
relatively highest significant yield from
leaves, shoots and roots was attained for Zea
mays compared to Sorghum bicolor plants.
Furthermore, The addition of animal wastes
to the heavy metals contaminated soils
caused a an increase in the plant uptake of
the studying heavy metals except Mn com-
pared to the soil treated with plant compost
(Fig.1). Moreover increasing the waste appli-
cation rate resulted in increasing the uptake
of the studying metals (Fig.2). Also the
uptake of the studying metals by Zea mays L
grown on contaminated soil was significant-
ly higher than the respective metals uptakes
by Sorghum bicolor L plants (Fig.3). Such
findings indicate the profitability of using
Zea mays L plants in the rehabilitation of
soils contaminated with Zn, Cu, Cd, Mn, Pb
and Ni. On the other hand the net recovery
of Zn, Cd, and Mn from the heavy metals
contaminated soils was significantly
increased due to increasing the application
rate of organic wastes (Fig.5). Furthermore,
the net recovery of such metals from the con-
taminated soil was significantly increased as
a result of Zea mays L cultivation compared
to those cultivated with Sorghum bicolor L
plants ( Fig.6). As a result the concentrations
of heavy metals remained in the contami-
nated soils after harvesting Zea mays L
plants were decreased with increasing the
application rate of organic wastes regardless
of its type. On the other hand, the net recov-
eries of Zn, Pb, Cu, Cd, Ni and Mn from the
heavy metals contaminated soil were signifi-
cantly increased due to the addition of ani-
mal organic wastes. Moreover, the net recov-
ery of such metals was significantly
increased due to increasing the application
rate of organic wastes, regardless of the waste
type and /or the type of the cultivated plants.
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Figure 1. Mean values of heavy metals
uptake from the contaminated soil as affect-
ed by waste type regardless of plant sp. and
waste rate. 

Figure 2. Mean values of heavy metals
uptake from the contaminated soil as affect-
ed by the application rate of organic wastes
regardless of plant sp. and waste type. 

Figure 3. Mean values of heavy metals
uptake from the contaminated soil as affect-
ed by plant species regardless of waste type
and rate. 

Figure 4. Mean values of net recovery from
the contaminated soil as affected by waste
type regardless of plant sp. and waste rate. 

Figure 5. Mean values of net recovery from
the contaminated soil as affected by waste
rate regardless of plant sp. and waste type. 

Figure 6. Mean values of net recovery from
the contaminated soil as affected by plant
species regardless of waste rate and type.

Conclusion
Based on the aforementioned results

it can be concluded that, the addition of
plant compost and animal manure to the
contaminated soils not only contribute in
increasing the productivity of the cultivated
plants, but also helped in increasing the bio-
availability of such metals to be taken well by
the growing plants. Therefore plant compost
and animal manures could be successfully
used at the rate of 4% along with Zea mays L

and Sorghum bicolor L cultivation to remedi-
ate the heavy metals contaminated soils 
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Introduction
Globally, a number of persistent toxic

substances (PTS), including metals have
been recognised as priority environmental
pollutants due to their ubiquitous nature.
Several studies have shown the potential for
exposure to some metals such as lead (Pb),
cadmium (Cd) and mercury (Hg) to increase

the risk of adverse health effects. Of particu-
lar concern are exposures in infants, children
and pregnant women. In Australia, there is
little known about the significance of metal
exposures in the general population and less
known about exposures in pregnant women
and children. There is also debate about the
potential for low concentrations of metals 
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Abstract
Metals such as lead, cadmium and mercury, due to their toxicity and ubiquitous nature,

are commonly regarded as environmental pollutants of worldwide concern.  Several studies
have shown the potential of some metals to cause harmful health effects at low concentra-
tions, particularly in infants, children and pregnant women. Australia is a country with large
environmental diversity, with limited information on the levels of metals exposure among
the general population. Our study aims to determine the concentrations and sources of met-
als exposure in non-occupationally exposed pregnant women living in the South West of
Western Australia. Environmental, biological and questionnaire data have been collected.
Sixty five women have been recruited and 22 blood, 20 dust and 21 soil samples in combina-
tion with questionnaire information from participants aged between 26 and 42 years have
been analysed. Blood and environmental samples were analysed for metals by ICP-MS and
ICP-OES, respectively. In general, low metals concentrations were recorded in blood with
geometric mean concentrations of 1.2µgL-1(Cd), 0.8µgL-1(Hg) and 0.088µgL-1(U), however
there was some evidence of elevated metal concentrations. Soil concentrations for Cd, Pb,
Mn, Hg and Ni were below the relevant Australian guidelines. On average dust metals con-
centrations were consistent with other findings from similar environmental settings, with
the exception of Ni, Pb, Mn and U in a small number of samples. No significant relationships
were observed between blood and environmental metals concentrations. Our data suggest
that although the overall blood and environmental metals concentrations were low, some ele-
vated concentrations have been observed and require further investigation as to the source. 

Key words: Metals, maternal blood, soil, dust



81315th ICHMET

EFFECTS ON HUMAN HEALTH

to result in health impacts in vulnerable
groups. The metals Cd, Pb, Mn, Hg, Ni and
U are thought to be present in a variety of
environmental settings. Therefore, the aim
of this study was to determine the concen-
trations of Cd, Pb, Mn, Hg, Ni and U in
whole blood of non- occupationally exposed
pregnant women living in the South West of
Western Australia (WA), and to assess the
significance of environmental sources to
metals exposure in maternal blood. 

Materials and Methods
This study was a cross-sectional study

of maternal exposure to metals in Western
Australia. Locations on the south west coast
were chosen because they are naturally
enriched with a variety of geographical and
source scenarios, providing varied locations
for an exposure study. Moreover, coastal
areas are a potential source for metals trans-
ported via marine processes. The eligible
participants were non-occupationally
exposed pregnant women aged above 18
years. The study was approved by the Edith
Cowan University Human Research Ethics
Committee Project Number 3481 and par-
ticipants provided their written informed
consent to participate in the study before
data collection. 

Sixty five participants aged between 26
and 42 years were recruited via general prac-
titioners, community health professionals
and through antenatal classes. Twenty two
blood samples were available for analysis.
Blood samples were collected in tubes by a
phlebotomist using the vacutainer technique
following a protocol provided by the Centre
de Toxicologie du Quebec Laboratory, Que-
bec, Canada. All samples were directly
stored at -20°C upon receipt at a PathWest
laboratory and were transferred in a frozen
state to ECU for storage and subsequent
transport to ChemCentre for analysis. Par-
ticipants were asked to complete a self-
administered questionnaire and to provide
dust and a composite surface soil sample.
Dust from homes was collected using a vac-
uum cleaner and emptying the contents of
the vacuum cleaner into provided plastic
bags. Composite soil samples were collected
by taking a minimum of four surface scoops
from areas of bare soil from homes into a
plastic bag as provided. 

Blood metal concentrations were deter-
mined using 1mL of blood digested with
1mL of high purity concentrated nitric acid

(HNO3) (Merck) and 0.4mL of hydrochloric
acid (HCl) (Australian Chemical Reagents)
in a quartz vessel. The nitric acid was further
purified by distillation in a metal free, sub-
boiling still, under inert atmosphere. The
blood mixture was digested in a (1000W)
'Milestone Ethos Touch Control Microwave'
(supplied by Milestone, Italy) digestion sys-
tem at high pressure and temperature set
according to the European Standard (EN)
1380:2002. Following digestion, the vessels
were cooled and the quartz vessels were
removed. The clear blood digestate was
quantitatively transferred into an acid rinsed
disposable tube and diluted to 10mL with
milli-Q (>18MOhm) water for measure-
ment. Before analysis, each blood sample
had internal standards added. 

Twenty one soil and twenty dust sam-
ples were air-dried and passed through 2 mm
and 0.6 mm mesh sieves respectively prior to
analysis. All samples were prepared by using
USEPA SW 846 test method 3050B (USEPA,
2002). Samples of equal dry weight were
weighed out and digested in a mixture of
HNO3, hydrogen peroxide (Rowe Scientific)
and HCl in open beakers using a hot plate.
The digested samples were cooled, filtered
and diluted to final volume with milli-Q
water. 

The digested blood was analysed using
ICP-MS (Agilent 7500cs-Octopole Reaction
Cell, Agilent Technologies, USA) at
ChemCentre. The analysis of sample digests
of soil and dust were performed with a Vari-
an Vista Pro ICP-OES (Varian Analytical
Instruments Australia) at Edith Cowan
University. The analytical reporting limits
for the elements were calculated as three
times the standard deviation (3SD) of diges-
tion blanks and reported as the method
detection limit (MDL). The MDL for metals
in whole blood were as follows (µgL-1): Cd
0.1; Pb 0.5; Mn 0.1; Hg 0.2; Ni 2 and U 0.01.
The MDL for metals in soil and dust were as
follows (mg/kg): Cd 0.1; Pb 3.0; Mn 0.2; Hg
1.0; Ni 2.0 and U 2.5. Precision and accura-
cy was determined using elemental blank
and matrix spikes, and certified reference
material for whole blood lead (Biorad
Lypocheck). Descriptive statistical analyses
were performed using SPSS 17.0 software. 

Results and Discussion
The results for measured metals in

blood, soil and dust are shown in Table 1.
In general, maternal blood had low metal
concentrations; however there was some 
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evidence of elevated concentrations. Blood
concentrations for Cd, Mn and U all exceeded
the MDL, and ranged between 0.6-2.2 µgL-1,
1.3-48 µgL-1 and 0.057-0.193 µgL-1, respec-
tively. 

Soil metal concentrations were below
the National Environment Protection Mea-
sure Australian soil investigation levels
(NEPM, 1999). There is no Australian soil
investigation level for U. The geometric mean
(GM) of U soil concentrations found in our
study was 35 mg/kg with a maximum concen-
tration of 623 mg/kg. The U concentrations
were considered high when compared with
the world mean concentration of 3mg/kg
derived from all data available worldwide
(UNSCEAR, 2000). The GM concentration
for dust Hg was less than the MDL with only
one sample found to be above the MDL with a
concentration of 1.9 mg/kg. No significant
correlations were observed between blood,
soil and dust metal concentrations. However
the sample size is small, and therefore firm
conclusions cannot be drawn.

Cadmium blood concentrations deter-
mined in our study were lower when com-
pared with earlier studies of pregnant women;
0.8-25 µgL-1 (Zhang et al. 2004) and 0.4-25
µgL-1 (Tian et a., 2009) in China, and similar
for a general population in France (0.2-2 µgL-
1) (Goulle et al., 2005). Cadmium has less
ability to cross the placenta barrier; however it
may accumulate in the placenta, potentially
causing negative health outcomes during
pregnancy (Tian et al., 2009). 

On average, most women in the current
study had blood Pb concentrations < 5 µgL-1,
however two women had blood concentra-
tions >20 µgL-1. Lead is known to cross the
blood-brain barrier and the placenta freely,
potentially affecting brain and neurodevelop-
ment (Gilbert and Weiss, 2006; Rollin et al.

2009). Recent investigations have highlighted
that exposure to any level of Pb may not be
considered safe, and therefore authors have
suggested that the action level for Pb in blood
in children should be lowered to 20 µgL-1
from the current 100 µgL-1 (Gilbert and
Weiss, 2006; Rollin et al. 2009). 

Blood Hg concentrations observed in
our study are lower than the concentration
ranges reported for a healthy population in
France (0.9-8 µgL-1) (Goulle et al., 2005) and
Germany (0.02-16 µgL-1) (Heitland and
Koster, 2006). However, there are several
studies that raise concerns about the prenatal
effects of low Hg exposure. A cohort study in
Poland for instance found Hg concentration
in both maternal blood and cord blood < 0.5
µgL-1 was associated with loss of IQ in infants
(Jedrychowsk et al. 2006). 

Manganese is an essential element and
can be actively transported via the placenta
(Zota et al., 2009). Excess intake or deficiency
of Mn may result in maternal toxicity, caus-
ing severe neurotoxicity and impaired growth
in the foetus (Ljung et al., 2009; Zota et al.,
2009). The GM blood Mn concentration
observed in our study is within the reference
values obtained for a general population in the
United States (4-14 µgL-1) (ASTDR, 2000),
however three women had blood Mn concen-
trations above this range. Blood Mn is natu-
rally increased during pregnancy; almost 3
fold higher than a non-pregnant woman and
the elevated Mn concentration (>20 µgL-1)
observed in our study is similar to the range
reported by Zota et al., (2009).

In this study most women had blood
Ni concentrations less than MDL and four
women were observed with concentrations
>10 µgL-1, which is approximately 10 fold
higher than the blood Ni concentrations pre-
viously reported in unexposed populations 

Note: GM = Geometric Mean, MDL = Method Detection Limit, N= Number of participants, Ref a=Heitland

and Koster, (2006), Ref b= NEPM, (1999)

Table 1. Metal concentrations in maternal blood, household soil and dust samples.



81515th ICHMET

EFFECTS ON HUMAN HEALTH

(1.18 µgL-1) (Christensen, 1995). There is
limited information on the potential for
adverse health effects at low concentrations
of Ni. 

In the current study, we found the U
concentrations in blood to be above what
could be considered as common concentra-
tion ranges (0.002-0.006 µgL-1) reported in
previous studies (Goulle et al. 2005; Heit-
land and Koster, 2006). Uranium is a
radioactive heavy metal which occurs natu-
rally in the environment and at this stage
there is limited epidemiological evidence on
the potential for health effects from U expo-
sure (Hindi et al., 2005).

Conclusion
The study revealed that for most par-

ticipants concentrations of metals are low;
however, there are some elevated exposures
which require additional investigation to
identify the potential source.
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Introduction
The German system of a health-related

environmental monitoring is based upon two
instruments: The German Environmental
Survey (GerES) and the part for human sam-
ples of the Environmental Specimen Bank
(ESB). Both instruments have been used to
determine heavy metals in blood and urine
since the mid 1980s. The initial intention of
GerES was to describe the exposure of the
general population at a given time and to
explore exposure pathways. The intention of
the ESB was to provide an archive that
enables retrospective analyses of samples to
show time trends. An objective of this assess-
ment is to compare both instruments and
assess the usefulness to describe time trends
of the general population. In addition today's

relevance of heavy metal exposure in Ger-
many will be described.

Material and Methods
GerES is a nationwide population study

which has repeatedly been carried out (UBA,
2010; Schulz et al. 2007). The first survey for
adults (GerES I) was carried out in 1985/1986
(West Germany) followed by GerES II in
1990/92 (West and East Germany). In GerES
II children were also included to some extent.
In 1998, the third GerES for adults was con-
ducted in both parts of Germany (GerES III).
GerES IV (2003/2006) focused on children
(Kolossa-Gehring et al. 2007). Subjects were
always representatively chosen from the
inhabitants registries with regard to age, gen-
der, community size and region (East/West
Germany). 
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Abstract
The German system of a health-related environmental monitoring is based upon two

instruments: The German Environmental Survey (GerES) and the Environmental Specimen
Bank (ESB). Both instruments have been used to measure heavy metals over the last decades.
The ESB is a tool to describe time trends of human exposure. Each year approx. 500 students
from 4 sampling locations have been analysed for their heavy metal content in blood, urine and
hair. For example for the participants in the city of Muenster lead in whole blood decreased from
about 70 µg/L in 1981 to levels below 15 µg/L in 2009. The new web application at
www.umweltprobenbank.de provides user-friendly and easily navigable access to ESB data on
heavy metals. GerES IV, conducted with 1,790 representatively chosen 3 to 14 year old children,
revealed, inter alia, the decreasing relevance of some exposure pathways. Lead in outdoor air and
lead water pipes for example are no longer of importance for lead exposure of children. Exposure
to mercury decreased because in Germany it is no longer recommended to use amalgam fillings
for children. However, GerES IV data demonstrates that despite the decline of many heavy met-
als exposures to nickel and uranium originating from drinking water are still of importance. 

Key words: heavy metals, GerES, ESB, blood, urine, children 
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All GerESs have been conducted in co-
operation with the National Health Interview
and Examination Surveys (Kurth et al. 2008)
performed by the Robert Koch Institute, Ber-
lin. 

The main objective of the GerES was to
analyse and document the extent, distribu-
tion and determinants of exposure to environ-
mental pollutants of the German general pop-
ulation. Three main instruments of investiga-
tion were comprised: human biomonitoring,
monitoring of the domestic environment, and
information collection on exposure pathways
and living conditions via questionnaires. 

During the course of all GerESs human
biomonitoring was performed for arsenic,
cadmium, lead and mercury. In GerES III pre-
cious metals and in GerES IV nickel and ura-
nium were analysed. All heavy metals were
determined in blood and/or morning urine. 

The Environmental Specimen Bank
(ESB) which was founded in 1981 is an
archive of environmental and human sam-
ples that can be used to document and assess
the quality of the environment including the
exposure of humans. The main focus of the
ESB is the long term storage of samples under
stable deep freezing conditions (-150 °C) for
later retrospective analyses. Routine meas-
urements of heavy metals in arriving samples
provide trends in human exposure for the last
decades. The specimen samples are provided
by students of medicine aged 20 to 29 years. 

Since 1997 annual routine analysis of
heavy metals (Table 1) has been performed in
samples originating from the four German
cities Muenster, Halle, Greifswald, and Ulm,
and the number of people investigated has
been around 120 students per location and
year. By the end of 2007, more than 75.000
urine and around 20.000 blood samples have
been stored (Wiesmueller et al. 2007). 

In both GerES and ESB sampling was
performed on the basis of standard operation
procedures (Hoelling et al., 2007, Wies-
mueller et al., 2007). In GerES heavy metals
were analysed in morning urine, while in the
ESB 24 h-urine was used. During the statisti-
cal evaluations performed emphasis was laid
on the description of the distributions thus
calculating, inter alia, geometric means (GM)
with 95% confidence intervals and the 95th
percentiles. Differences between subgroups
were tested by t-tests or variance analyses. 

Results and Discussion
Both instruments delivered a multi-

tude of results concerning exposure path-

ways and other aspects of human biomoni-
toring that were published elsewhere. Both
instruments were also used to measure
heavy metals over the last decades and to
reveal temporal trends. In the following
these results will be summarized and com-
pared thus describing the exposure situation
in Germany. Some emerging heavy metals
will also be discussed. 

Table 1. Elements analyzed routinely in ESB
(20-29 year old students)

Exposure to lead in Germany shows a
clearly decreasing trend. In Figure 1 results
from ESB and GerES are compared for the
equivalent age groups. Although for ESB
only one sampling location was chosen and
the number of participants is bigger in
GerES, the trends found in both studies are
more similar than one might expect. Similar
trends have been described for countries
where leaded petrol was forbidden in the last
decades of the last centuries (Wilhelm et al.
2006). GerES results made also clear that Pb
in outdoor air and lead water pipes are no
longer of importance for lead exposure of
children (Becker et al. 2008). 

With both instruments a decrease of
mercury in urine could be shown, however a
direct comparison is not possible because in
GerES morning urine instead of 24h-urine
was sampled. Figure 2 shows the GerES
results including those for children. Since
1994 amalgam fillings have no longer been
recommended to be used for children and
women in childbearing age in Germany
which is very well reflected by the data
shown. 

For some metals and matrices in ESB
and GerES no such trends of decreasing con-
centrations could be shown. This is true for
Cd and Hg in blood (Wiesmueller et al.
2007, Schulz et al. 2007a).
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In GerES III (1998) the precious metals
gold and platinum were measured in urine of
adults. It could be shown that at least in this
time period emissions from traffic had no
relevance for the internal exposure of the
general population (Becker et al. 2003). But
urine excretions were strongly dependent on
the number of dental inlays and/or crowns. 

In GerES IV uranium and nickel were
measured for the first time on a representa-
tive basis in children's urine. Reason was
that former surveys had shown elevated con-
centrations of nickel in household drinking
water (Becker et al. 2002). Uranium was
added because of hints that in some German
regions uranium concentration might be
high in drinking water due to geologic condi-
tions (Konietzka et al. 2005). 

The mean concentration of nickel in
urine of children aged 3 to 14 years was 1.3
µg/l, the 95th percentile was 4.5 µg/l. It was
higher for younger children, children with a
migration background and for children com-
ing from families with a low socioeconomic
status (Becker et al. 2008). GerES data also
revealed a significant correlation between
contact eczemas and nickel concentrations
in urine as well as nickel concentrations is
drinking water (unpublished). The con-
sumption of food stuff containing nickel like

nuts, chocolate and hazelnut spread were
correlated with the nickel concentration in
urine (Schulz et al. 2008). These results
might be of importance because oral expo-
sure to nickel may aggravate nickel-induced
contact eczemas (WHO 1996; EFSA 2005).

The mean concentration (median) of
uranium in urine was 9.5 µg/l with a 95th
percentile of 42.0 µg/l (Schulz et al. 2009).
The uranium concentrations in urine and in
drinking water were significantly correlated
(p<0.001) (Schulz et al. 2007b). Since
knowledge of the toxicological relevance of
these data is insufficient the German
Human Biomonitoring Commission has not
defined a HBM value (HBC 2005). However,
modelling the daily intakes on the basis of
the concentrations of uranium in drinking-
or mineral water lead to the conclusion that
there might be cause for concern about the
exposure of children if they are fed with
infant formula reconstituted with water con-
taining uranium. Such exposure should be
avoided (BfR 2005; EFSA 2009).

Conclusion
Due to the monitoring instruments

implemented, scientists and politicians have
a fairly good overview of the heavy metal
exposure situation of the general population.

Figure 1. Lead in blood (GM in µg/l) of students (ESB) and young German adults (GerES)
Note: age ranges: ESB 20-29 years (N=65 to 122), GerES I: 25-29 years (N=296), GerES II,
III: 20-29 years (N=337, 642)
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With both instruments time trends have
been made observable. The annual sampling
and analyses performed in the ESB provides
a more continuous picture with the disad-
vantage that only young adults are observed.
With GerES the whole age spectrum of the
general population has been monitored, and
GerES gives more detailed information on
exposure pathways. 

Data and results from both instru-
ments are easily accessible. Information is
provided on the web pages of the Federal
Environment Agency. Original data can be
ordered as a public use file (GerES IV) or are
provided through an internet portal that
enables evaluations online (ESB). 
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Introduction
The impact and fate of trace elements

depend on their chemical form, which can be
free ions, small organometallic particle or
larger biomolecules (Ebdon et al., 2001).
Heavy metals in soils may be found in two
forms available for plants like dissolved in
soil solution or exchangeable in organic and
inorganic components and potentially avail-
able in the longer term because of being struc-
tural components of the lattices of soil min-
erals or insoluble precipitating with other soil
components (Aydinalp and Marinova 2003).

Metal transportation depends on the
physiochemical properties of soil, forms and
types of binding heavy metals in soils. Only
comparison of total element content to
forms, mobility and bioavailability gives the
full information about heavy metals in the
environment (Kowalkowski and Buszewski
2002, Pueyo et al., 2004).

The aim of this study was to determine
Cu, Zn, Fe, Ni, Mn, Cd, Cr and Pb contents
in the allotment soils of Gdansk and to iden-
tify the bioavailable forms of metals present
in soils using a fractionation scheme based
on sequential extraction.

Materials and Methods
Materials to study came from six

groups of allotments located in diverse part
of Gdansk and Straszyn. Each sample was
taken from cultivation surface (0-20 cm).
Soil samples were taken from 3-11 individ-
ual allotments in each group (depending on

group size). Together 33 soil samples from
Gdansk city were collected.

Moisture, pH value in degassed
deionised water and organic matter with cin-
eration in 550°C were analysed in air dried
soil samples.

In order to assay the total amount of
heavy metals, the samples were mineralised
with 65% nitric acid and 30% hydrogen per-
oxide. Total amount of  Cu, Zn, Fe, Ni, Mn,
Cd, Cr and Pb was analyzed using the AAS
method with acetylene-air flame.

The sequential extraction according to
the modified BCR procedure was used to
investigate the availability of metals in allot-
ment soils. The scheme of this procedure
shows figure 1.

Figure 1. Sequential extraction procedure.

Sequential Extraction in Bioavailability Evaluation of Heavy Metals
from Gdansk Allotments Soils
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Abstract
Heavy metals contaminated of soils are absorbed by plants and take place their bio-

magnification in a food chain. Allotments are very often situated in the city centre and in
areas under strong pressure of an anthropogenic factor - near industrial plants and roads.

The aim of investigation was to estimate heavy metals content in soils and determine
the bioavailable forms of heavy metals present in soils. Content of Cu, Ni, Fe, Zn, Mn, Cd,
Cr, Pb were determined using FAAS methods.

Key words: Heavy metals, allotments, soil pollution
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Results and Discussion
The average pH was similar in each

group and was located in range 7,4 - 7,8. The
detailed results of physicochemical analysis
are shown in Table 1. 

Table 1. Physicochemical properties of soils

Total amount of each metal (average
and range) is shown in Figure 2. 

Value of total heavy metal content in
investigated soils averages out:

- Cadmium - from 0,0275 in Straszyn
to 3,15 mg kg-1 dry matter (d.m.) in Gdańsk
- Stogi;

- Lead - from 0,919 in Straszyn to 54,9
mg kg-1 d.m. in Gdańsk - Zaspa;

- Cuprum - from 9,33 in Gdansk -
Owczarnia to 34,7 mg kg-1 d.m. in Gdańsk -
Zaspa;

- Chromium - from 13,8 in Gdańsk -
Owczarnia to 67,6 mg kg-1 d.m. in Gdańsk -
Matarnia;

- Zink - from 64,3 in Gdańsk - Matar-
nia to 305 mg kg-1 d.m. in Gdańsk - Stogi;

- Nickel - from 8,6 in Gdańsk - Matar-
nia to 26 mg kg-1 d.m. in Straszyn;

- Manganese - from 167 in Gdańsk -
Wrzeszcz to 500 mg kg-1 d.m. in Gdańsk -
Stogi;

- Iron - from 5840 in Gdańsk - Owczar-
nia to 18300 mg kg-1 d.m. in Gdańsk - Stogi;

Results of sequential extraction are
shown in Figure 3.

According to literature, fractions I-III
are mobile and potentially available for the
plants while the fraction IV is potentially
available in the longer term. Because of this
fact metals in forms from I-III fractions can
take part in food biogeochemical circulation.
Mobility of investigated heavy metals  from
Gdansk allotment soils increases in rank:
Mn>Zn>Pb>>Cd>Cr>Cu>Fe>Ni.

Conclusion
The alkaline pH (7,4-7,8) of soils indi-

cates less washout of heavy metals and their
bioavailability.

The overrunning of norms of heavy
metals content in soils under investigation
was not found.

Only zinc in soils from Gdansk Stogi
overrun the norm.

According to ISSPC in Puławy (Insti-
tute of Soil Science and Plant Cultivation),
soils from allotment have increased concen-
tration of heavy metals (Table 2). It means
that soils can not be use to raise the vegeta-
bles for children (I degree) and in five cases of
investigation it is recommended not to raise
the vegetables (II and III degree).

Table 2. Evaluation of heavy metal soil con-
tamination
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Figure 2. Range and average of heavy metals in analysed soils.
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Figure 3. Sequential extraction of heavy metals.
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Abstract
Mercury produces toxic effects on the hepatic, renal and central nervous system.

Exposure to methyl mercury causes cognitive impairment and oxidative stress, associat-
ed with free radical generation. The present investigation was carried out to study the
protective effect of glutathione (0.60 mM/kg, i.p.) against acute mercury-induced toxici-
ty in rats. Glutathione is a tripeptide, provides a reducing milieu for the maintenance of
protein thiols, antioxidant and protection against oxidative and free radicals-mediated
damage and other types of toxic injury.

Mercury (10 mg/kg, po) produces significant changes (control Vs Hg treated group)
in mean retention latency in passive avoidance test (267.2±18.5 Vs 177.5±11.1 sec),
transfer retention latency of elevated plus maze (18.1±1.5 Vs 92.0±7.5 sec) and decrease
in retention time on rota rod (124.8±10.8 Vs 38.16±2.2). Hg resulted in the increase of
activities of serum transaminases (AST, 68.66±5.64 to 149.1±7.35 and ALT,
48.33±3.95 to 128.0±6.74 IU/L), alkaline phosphatase (212.5±17.36 to 1456±101.4
mgPi/100ml/h) and lactate dehydrogenase. An appreciable fall was observed in the enzy-
matic activity of GR, GPx and G-6-PDH, reduced glutathione level (liver, 8.01±0.59 to
3.03±0.24 and kidney, 6.91±0.38 to 2.41±0.15 µ moles/g), where as lipid peroxidation
was significantly increased (0.280±0.024 to1.393±0.134 and 0.373±0.030 to
2.988±0.187 n moles MDA/mg protein) in liver and kidney. 

Glutathione was administered for three days after 72 h of Hg administration. Thus,
inhibited LPO and increased the level of glutathione contents. Release of serum enzymes
and the enzymatic activity of GR, GPx and G-6-PDH were significantly restored towards
normal after glutathione administration. Therapy showed recovery in cognitive behav-
iour in both paradigms. These findings demonstrate that glutathione treatment agu-
ments antioxidant defense against mercury-induced toxicity.

[1] WHO, "Environmental Health Criteria 101: Methylmercury', World Health
Organization Geneva (1990).

[2] Singh V., Joshi D., Shrivastava S and Shukla S., Indian. J. Exp. Biol. 45, 1037-
1044 (2007).
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Abstract
The concentration of Pb, Cd, Zn and Cu in sternum femur, tibia, liver , kidney

heart and brain were measured seasonally (from November to July) in two different pop-
ulations of House sparrow caught in Mitrovica town (situated close to zinc and lead
smelter "Trepça") and Village Çeltinë as uncontaminated area. 

The highest concentration of Pb (1756 µg/g d.w.) were found in femur, tibia, sternum,
kidney, liver and heart   in November, March and May while the lowest concentration were
found (4.3 µg/g d.w) in heart, brain, liver, kidney, sternum, femur and tibia in July in both
populations of house sparrow. The highest concentration of Cd (47.4 µg/g d.w.) were found
in kidney, heart, liver, brain (in May in both populations) and in sternum, tibia and femur
(in July in control) and in sternum (May), femur (November), tibia (March) in population of
house sparrow from Mitrovica. Substantial quantities of Zn were found in tibia (487 µg/g
d.w.) femur, kidney, sternum, liver, heart and brain in July in both populations of house
sparrow. The highest concentration of Cu (107 µg/g d.w) was found in tibia, kidney, ster-
num, femur, heart, liver and brain in July in both populations of house sparrow.

Conclusion: The ability of House sparrow (Passer domesticus) to accumulate high
metal concentrations is considered to be a desirable characteristic in an indicator organism
and this would facilitate periodic monitoring of lead, cadmium, zinc and copper contamina-
tion in heavy metal pollution environment. 

Key words: House sparrow, heavy metals, femur, tibia, liver, kidney, heart.
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Abstract
In recent years, the results of studies on sorption of heavy metals in biomass were

often published. Equilibrium and kinetics of the process [1], determination of sorption
capacity in biomass [2] and the optimal conditions for heavy metals sorption from solu-
tions [3] were investigated. An important objective of this research is to assess the feasi-
bility of biomass utilization in the process of remediation, for example [4]. These results
were also used in biomonitoring [5]. One of the factors affecting sorption of heavy met-
als cations from solutions is pH of the solution. Numerous studies indicate that maxi-
mum sorption of metals is achieved within pH range from 4 to 6, depending on the
sorbed metal and sorbent used. Reduction in heavy metals sorption from acidic solutions
is usually explained by competitive sorption of hydrogen cations. In alkaline solutions a
change in the form of alkaline metal ion, blocking of active centers or formation of insol-
uble metal compounds (mainly hydroxides) is considered. 

The studies of manganese ions sorption in the moss Pleurozium schreberi, in the
lichens Hypogymnia physodes and algae Spirogyra sp. from solutions of different pH
indicate that the sorption of manganese ions affect the competitive sorption of cation-
ic hydrogen in acidic environment. Increase in alkalinity of solution caused the com-
petitive sorption of cations entered with the OH- group or a pH stabilizing buffer.
Increasing in pH above a certain limit, adequately to the metal and its concentration
in solution, caused precipitation of hydroxides, what changed conditions in which
process was running.

[1] Pipíška, M., Koiová, M., Horník, M., Augustín, J., and Lesný, J., Nukleonika 50,
39-44 (2005).

[2] Feng, D. and Aldrich, C., Hydrometallurgy 73, 1-10 (2004).
[3] Herrero, R., Lodeiro, P., Rey-Castro, C., Vilarino, T. and Sastre de Vicente, M.E.,

Water Res. 39, 3199-3210 (2005).
[4] Monteiro, C.M., Castro, P.M.L. and Malcata, F.X., World J. Microbiol. Biotechnol.

25, 1573-1578 (2009).
[5] Kłos, A., Rajfur, M., Wacławek, M. and Wacławek, W., Bioelectrochemistry 71, 60-

65 (2007).
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Introduction
White-rot fungi show the unique abili-

ty to degrade lignin, as well as structurally
similar compounds, including complex
organic pollutants (Bennett et al., 2002).
This ability is due to a free radical mecha-
nism involving reactions catalysed by ligni-
nolythic enzymes with low specificity versus
substrate, i.e. lignin peroxidises, manganese
peroxidises and laccases (Martinez et al.,
2005). Furthermore, white-rot fungi are
capable to accumulate high levels of heavy
metals from the environment, i.e. from pre-
served wood during lignin brake down and
the uptake of nutrients, from ambient air,
and from soil, when used in mycoremedia-
tion of heavy contaminated sites (Baldrian,
2003). Soil contamination with polycyclic
aromatic hydrocarbons (PAHs) is often
accompanied by the presence of heavy met-
als ions, affecting the growth of spawn and

the activity of extracellular ligninase, thus
leading to the significant decrease in PAHs
biodegradation rate. However, for today only
few research have been conducted to assess
the effects of heavy metals on the physiology
of white-rot fungi.

Materials and Methods
Pleurotus eryngii (Jacq. ex Fr.) Quél,

B127 strain, was cultivated on beech saw-
dust in 500 mL PP bottles. The substrate
was wetted with distilled water containing
soluble salts of selected heavy metals (Zn,
Cu, Cd, Co, Ni) to obtain 1, 5 and 10 mM
kg-1 DW levels of each metal addition.
Metals were added also in a mixture at a con-
centration of 1 mM kg-1 DW (described as
'mix'). In addition, enriched substrates were
placed in glass test tubes (2×20 cm), in order
to assess the mycelium growth rate.

The Influence of Elevated Heavy Metals Content in Substrate 
on Morphology and Physiology of King Oyster Mushroom 

(Pleurotus eryngii)
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Abstract
The subject of the study was Pleurotus eryngii (Jacq. ex Fr.) Quél, B127 strain, cultivat-

ed on beech sawdust in 500 mL PP bottles. The substrate was wetted with distilled water
containing soluble salts of selected heavy metals (Zn, Cu, Cd, Co, Ni) to obtain 1, 5 and 10
mM kg-1 DW levels of metal addition. Enriched substrates were also placed in glass test
tubes (2×20 cm), in order to assess the mycelium growth rate. The formation of fruit bodies
was observed in the case of all metals tested. Nevertheless, the addition of metals to the sub-
strate altered the rate of mycelium growth measured 10 days after inoculation. A significant
inhibition was found for Ni, Co and Cu treatment and increased for subsequent levels of
metal addition. Cd, Co and Ni addition resulted in significant drop of yield if compared with
control, whereas Zn and Cu did not influenced the yield of investigated mushroom. Bioac-
cumulation of heavy metals in P. eryngii fruit bodies was analyzed with a flame atomic
absorption spectrometry (FAAS). P. eryngii showed the strongest abilities to accumulate Zn
and Co (about 1 mM kg-1 DW at 10 mM treatment), and the weakest sorption was found in
the case of Cd (0.03 mM kg-1 DW at 10 mM). The addition of heavy metals led to changes
in the activity of laccase, a dominant ligninolytic enzyme exuded by mycelium into the sub-
strate. In general, the increase of metal content in substrate influenced negatively the activ-
ity of laccase measured after harvest.

Key words: heavy metals; Pleurotus eryngii; accumulation; yield; fruit bodies; laccase
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The extracellular laccase was extracted
from the cultivation substrate with the
NaAc/HAc buffer (140 mM, pH 5.0 at 4oC)
in volume of 20 mL per 1 g of the substrate.
Extraction was carried out at 4oC for 1 h
using a magnetic stirrer. Afterwards, the
extracts were decanted and centrifuged for
10 min at 4oC. 

The activity of laccase was assayed
according to Holm et al. (1998) by monitor-
ing the absorbance increase due to the oxida-
tion of syringaldazine to corresponding
quinone at 525 nm with a Varian Cary Bio
300 UV-Vis spectrophotomether. The assay
mixture consisted of 2.4 mL of
NaH2PO4/Na2HPO4 buffer (75 mM, pH
6.0 at 30oC), 0.3 mL of the extract and 0.3
mL of syringaldazine solution (0.28 mM in
methanol:water, 1:1 v/v). The reaction was
started by the addition of syringaldazine as a
chromophore substrate and mixing by inver-
sion. The incubation temperature was 30oC
during the kinetic measurement of the reac-
tion slope. The difference in the absorbance
values A90s-A60s was correlated with the
laccase activity presented in nkat per 1 kg of
the cultivation substrate.

Fruit bodies were dried (72 h) in an
electric drier at a temperature of 105±5oC,
ground in a laboratory boll mill and the 0.25-
0.35 mm fraction was collected with sieves.
Three representative samples (3 g each) were
collected. The material was mineralized in a
Mars 5 Xpress microwave sample mineral-
ization system by CEM in a closed system
using HNO3 and H2O2. 

Concentrations of heavy metals were
determined with flame atomic absorption
spectrometry (FAAS), using a Varian Spectra
AA 200. Achieved results were validated on
the basis of certified reference materials, i.e.
Montana Soil 2711 and Soil S-1, analyzed in
the every fifteenth assay.

Results and Discussion
Presented research was focused on the

abilities of Pleurotus eryngii to bioaccumu-
late heavy metals form the cultivation sub-
strate enriched with heavy metals in form of
water soluble salts (Cu, Zn, Cd, Co and Ni).
The influence of metal addition on growth
and the crop of spawn of the fungus, was also
investigated.

The highest ability to bioaccumulate
heavy metals in fruit bodies was affirmed at
10 mM kg-1 DW of metal concentration in
substrate and was as follows:

Zn>Co>Ni>Cu>Cd, reaching 68, 57, 24,
15, 4 mM kg-1 DW, respectively (Fig. 1).
According to Favero et al. (1999) Pleurotus
osteatus was able to accumulate 20 mg g-1
DW Cd from liquid medium containing 150
ppm of Cd, and 5 mM addition of Cu and Zn
led to the accumulation at 10 and 5 µg g-1
DW, respectively (Sanglimsuwan et al.,
1993). In our experiment, the most compet-
itive among investigated heavy metals was
Ni (~200% of its accumulation when added
as a single metal), which braked the accumu-
lation of other metals from the substrate, i.e.
Cu, Co and Cd, excluding Zn (~55, 65 and
80, respectively).

Figure 1. Heavy metals accumulation in
P. eryngii fruit bodies - mean values (n=9).

Figure 2. Growth rate of P. eryngii mycelium
on substrate enriched with heavy metals -
mean values (n=3; c - control; vertical bars
show 95% level of confidence).
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Figure 3. Yield of P. eryngii cultivated on
substrate enriched with heavy metals (n=3;
c - control; vertical bars show 95% level of
confidence).

A

B

Figure 4. Laccase activity of P. eryngii culti-
vated on substrate enriched with heavy met-
als after overgrow by mycelium and after
harvest (n=9; vertical bars show 95% level of
confidence).

The results showed that Ni, Cu and Co
significantly inhibited the substrate over-
growth by the mycelium of the fungus (Fig.
2), and approved the influence of Co, Cd and
Ni on the yield of fruit bodies, positive at low
concentrations (1 mM), and highly negative
at 10 mM kg-1 DW (Fig. 3).

However, fruiting was observed for
each metal at every level of its addition to the
cultivation substrate. This confirms the
results of Baldrian and Gabriel (2003), which
proved that Pleurotus ostraetus easily toler-
ated up to 5 mM Cd in straw or soil. 

Earlier studies confirmed a species-spe-
cific sensitivity of white-rot fungi to heavy
metals ions (Baldrian, 2003). According to
Favero et al. (1999), sporocarps formation of
Pleurotus ostreatus was unaffected by up to
285 ppm Cd in cultivation substrate. In con-
trary, 4.5 mM Cd reduced the yield of fruit
bodies by 50% and 20 µg g-1 was accumulat-
ed by Pleurotus pulmonarius (Chiu et al.,
1998).

After incubation of the spawn, the
presence of Ni and Cu at low concentrations
stimulated laccase activity versus control,
however the activity of this enzyme after the
formation of fruit bodies was inhibited by
each metal analyzed (Fig. 4 A and B). More-
over, stronger inhibition of laccase was
found for 1 mM mixture of metals, than for
the majority of metals added separately at
equimolar concentrations (Fig. 4B). In con-
trary, Baldrian and Gabriel (2003) reported
the highly possitive influence of Cd (1, 2 , 5
mM) on laccase activity in the case of Pleuro-
tus ostreatus cultivated on wheat straw.

Conclusions
Pleurotus eryngii showed the strongest

abilities to accumulate Zn and Co (about 1
mM kg-1 DW at 10 mM treatment), and the
weakest sorption was found in the case of Cd
(0.03 mM kg-1 DW at 10 mM). Ni, Cu and
Co significantly inhibited the substrate over-
growth by the mycelium of the fungus, while
Co, Cd and Ni, influenced positively the
yield of fungus fruit bodies at low concentra-
tions (1 mM), and highly negatively at 10
mM kg-1 DW. The addition of heavy metals
led to changes in the activity of laccase, a
dominant ligninolytic enzyme exuded by
mycelium into the substrate. In general, the
increase of metal content in substrate influ-
enced negatively the activity of laccase meas-
ured after harvest.
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Introduction
Located in north central of Portugal, the

industrial Chemical Complex of Estarreja
(CQE) is composed of several chemical indus-
tries which are recognized as important
inputs of heavy metal into the environment.
The CQE dates back to 1950. The most
important input in environment is chiefly
related to past industrial activities, namely
with the production of sulphuric acid from
arsenopyrite roasting (e.g. As, Cu, Ni, Pb and
Zn) and from chloralkali plant (the industrial
process used about 22 tones of Hg, per year,
Inacio et al., 1998). Other industries like
CIRES (PVC) and DOW (polymeric iso-
cyanates) are also present in this area. 

For a long time the liquid industrial
effluents coming from the factories have been
discharged into the sewage outlet (figure 1),
and the solid wastes were deposited in the soil
without any treatment. Nowadays some envi-
ronmental geochemical studies have been
carried out and some rehabilitation works
have been implemented.

Podzols (FAO, 1988) are the most exten-
sive soils, followed by Cambisols. These soils

are mostly permeable, sandy soils with low
humus content, often used as pasture and
agricultural land. 

Materials and Methods
Composite samples of topsoil (0-15 cm)

were collected at 71 sites in 1994 (1st phase),
at 34 sites in 2001 (2nd phase) and at 90 sites
in 2008 (3rd phase) as shown in figure 1. In
addition in 2008/2009 were collected 27 for-
age plants (gramineae) and 16 groundwater
samples. All soil samples were dried at 40?C
and passed through a 63 µm sieve. The plants
were carefully washed first with tap water and
finally with deionized water and separated
into roots and green shoot material. Samples
were dried at room temperature and ground to
a fine state of subdivision. The soils collected
in 1994 were reanalyzed in 2009 in order to
get the materials collected in different sam-
pling phases analyzed with the same analyti-
cal methods. This approach aims guarantee
the comparability of all the geochemical data.
Both soils and plants were analyzed in the
same way: 1g sample was digested with 6 ml
2-2-2 HCl-HNO3-H2O at 95oC for one hour
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Abstract
This study reports the Cu, Hg, Pb and Zn concentrations in soils, forage plants (green

shoots and roots) and groundwater in the surrounding area of Chemical Complex of Estarreja.
In order to evaluate the temporal evolution of the contamination in this area the contents of
Cu, Hg, Pb and Zn in soils are compared in three different periods: 1994, 2001 and 2008. In
addition to the "near total" content (extraction with aqua regia), the availability of Cu, Hg, Pb
and Zn in these soils were evaluated using ammonium acetate as the extracting solution.
These values were compared with soil international regulatory guidelines for acceptable levels
of metals, due to the lack of a Portuguese legislation on contaminated soils. Generally, the spa-
tial distribution of these heavy metals in soils, forage plants and groundwater, show a similar
anthropogenic pattern, with the highest values located near the industrial area and sewage out-
lets and decreasing to near the background values with the distance away from these contam-
inating focus. The elements investigated in forage plants are preferentially accumulated in the
roots, thus attenuating the impact of high metal in soils often used as pasture land. 

Key words: Heavy metals, industrial pollution, soils contamination, forage plants,
availability, Portugal
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and diluted to 20 ml with water. All soils, for-
age plants and groundwater samples were
analyzed for 32 chemical elements: 9 major
(Al, Ca, Fe, K, Mg, Mn, Na, P and Ti) and 23
trace elements (Ag, As, Au, B, Ba, Bi, Cd, Co,
Cr, Cu, Hg, La, Mo, Ni, Pb, Sb, Sr, Th, Tl, U,
V, W and Zn) by ICP-MS, and also for pH. 

In addition about 12% of the soil sam-
ples, from geochemical survey of 2008, were
leached with ammonium acetate (1g of soil
and 10 ml of 1M NH4CH3COO) in order to
assess the availability of this metals. The pre-
cision and accuracy of analyses was checked

by analysis of two international standards,
duplicates (analytical splits) of randomly
selected samples, and by field duplicates sam-
ples and were found within the acceptable val-
ues for these sampling media.

Results and Discussion 
The range, arithmetic mean and medi-

an values of "near total" and available Cu, Hg,
Pb and Zn concentration in soils, forage
plants (green shoots and roots) and ground-
water are listed in table 1 for the geochemical
survey of 2008/2009.

Figure 1. Location of the study area (approximate 60 km2) and soil sampling sites in 1994
(1st phase), 2001 (2nd phase) and 2008 (3rd phase). O1 (Breja outlet) and O2 (S. Filipe out-
let) represents sewage outlets. 

Table 1. Range, arithmetic mean (AM) and median (Med) concentrations of Cu, Hg, Pb and Zn
in soils, forage plants (mg kg-1) and groundwater (µg l-1) in the geochemical survey of 2008/2009. 

N=number of samples.
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The maximum concentrations found in
the soils are above 100 mg kg-1 for Hg, 1540
mg kg-1 for Cu, 850 mg kg-1 for Pb and 3573
mg kg-1 for Zn. The reference value (RV) cal-
culated for Portuguese Podzols soils, based on
empirical relationships between element con-
centration and the percentage of clay and
organic matter in soils are 13, 23 and
28 mg kg-1 respectively for Cu, Pb and Zn
(Inacio et al., 2008). For Hg the estimated ref-
erence value for Portuguese soils is
0.1 mg kg-1 calculated using statistical proce-
dure described by Tukey (1977). According to
the results more than 85% of the soils showed
concentration above this RV. However the
amounts extracted with ammonium acetate,
generally accepted as the mobile and plant
available fraction is very low, (below 2% for Cu
and Pb, 0.01% to 3% for Hg, 1.3% to 5.4% for
Zn, of the "near total" content) therefore
diminishing possible ecotoxicological effects. 

In forage plants, the accumulation of
these heavy metals occurs in roots, however
according to Kabata-Pendias (2001) the con-
centration in green shoots exceeded the levels
considered "tolerable in agronomic crops" or
"excessive or toxic". The correlation value
(Spearman rank order) between contents in
soils and forage plants, both tops and roots, is
generally good for the Cu, Hg and Zn (approx-
imate 0.7, significant for P<0.001). The "near
total" concentration of Pb in soils is not corre-
lated with the Pb concentration in the roots
and with green shoots is weak (0.5, significant
for P<0.001). 

The Cu, Hg, Pb and Zn concentration in
groundwater, collected in phreatic sand dune
aquifer (5 m depth), are generally above the
acceptable limits given in the Portuguese legis-
lation near the factories and sewage outlets.

The spatial distribution of Hg in soils,
green shoots and roots is shown in figure 2. In
order to evaluate these results recent interna-
tional regulatory guidelines for acceptable lev-
els of metals in soils (Dutch Soil Remediation
circular of 2009) were taken, due to the
absence of a Portuguese legislation on this
matter. The spatial patterns show the highest
concentrations around the emission source
and along the sewage outlets (see Figure 1) and
decreasing to background values with the dis-
tance away from these contaminating sources.
All the metals studied have the same pattern
of distribution. 

Figure 3 shows a comparison of the spa-
tial distribution of Cu, in soils collected during
the geochemical survey of 1994, 2001 and
2008. It is possible to identify an area with a

strong Hg, Pb and Zn contamination along the
sewage outlets. This area could be, according
to the health guidelines values a serious public
health problem because this land is often used
in pasture and agricultural activities.

Figure 2. Spatial distribution of Hg in soils and
forage plants (green shoots and roots) in geo-
chemical survey of 2008 (values in mg kg-1).

Conclusion
In this area, the soils, vegetation and

groundwater contamination is chiefly related
to past industrial activities, namely, the pro-
duction of sulphuric acid from arsenopyrite
roasting and the chloralkali plant. 

In soils and forage plants, Cu, Hg, Pb
and Zn highest concentration were found
near the factories and sewage outlets. These
elements are preferentially accumulated in
the roots of forage plants, thus attenuating the
impact of high metal contents in soils often
used as pasture land and agriculture.

The concentration of Cu, Hg, Pb and Zn
in groundwater is generally above the acceptable
limits given in the Portuguese legislation
(Decree-Law 236/98 of 1 August, for groundwa-
ter), posing a threat to public health, because
local people use the water for domestic proposes.
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Figure 3. Spatial distribution of Cu concen-
tration (mg kg-1) in soils in 3 different peri-
ods (1994, 2001 and 2008).

At the present the perception studies
will be integrated with the geochemical data
in order to investigate possible relationships
to public health problems.
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Abtract

Pollution of agricultural land by heavy metals poses a serious risk to the growth and
productivity of plant besides affecting environment and human health. In general, plants
respond to heavy metal-induced toxicity by alterations in antioxidant machinery. We
investigated the toxic effect of lead (0, 50, 250 µM) in terms of induced biochemical and
physiological changes, and ultrastructural alterations in wheat (Triticum aestivum) root.
A concentration dependent change in seedling growth and macromolecular content (pro-
teins, carbohydrates) in wheat was observed in response to Pb-exposure. The decline in
root growth was accompanied by enhanced accumulation of lead in root tissue. It was
further associated with increased malondialdehyde content (an indicator of lipid peroxi-
dation), enhanced electrolyte leakage, and increased hydrogen peroxide content and
superoxide anions in wheat root tissue. The increased levels of these stress markers indi-
cated Pb-induced oxidative damage in wheat roots. To prevent damage to plant system
from Pb-induced toxicity, there was a significant alteration in the activities of scaveng-
ing enzymatic machinery (superoxide dismutases, catalases, guaiacol peroxidases, and
glutathione reductases) in wheat roots. The disruption of oxidative metabolism by Pb-
exposure was accompanied by significant alterations in wheat root ultrastrcuture. Pb
caused appearance of amoeboid protrusions and nicks in cell wall, increased number of
mitochondria and damaged the nuclei and nucleoli. The study concludes that Pb-
inhibits wheat root growth by inducing ultrastructural changes and disrupting oxidative
metabolism.
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Introduction 
Zinc (Zn) is trace element essential to

normal growth of all living organisms.
Human body contains around 2-4 g of Zn,
but its physiological concentration in plas-
ma is low and oscillates circa 12-16 µM/L.
In human serum zinc is bound with pro-
teins: albumin (60%), transferrin (10%) and
α2-makroglobulin (30%). Zinc is cofactor for
over 300 enzymes, participates in cell
processes such as signal transduction, tran-
scription and replication (Haase and Rink,
2009; Ibs and  Rink, 2003; Rink and Gabriel,
2000; Rink and Kirchner, 2000; Rink and
Wellinghausen, 1998).

Zinc is necessary to proper immune
system functioning. Zinc deficiency can lead
to lower activity of immune system cells
included T-lymphocytes, NK cells,
macrophages and neutrophiles; it also
decrease production of cytokines and affects
apoptosis process (Bao et al., 2006; Haase
and Rink, 2009; Ibs and Rink, 2003; 2000;
Rink and Wellinghausen, 1998). It was also
proved that zinc deficiency causes lower pro-
liferation of lymphocytes after mitogen stim-

ulation (Duchateau et al., 1981; Rink and
Kirchner, 2002).

However, it was observed that zinc
excess can be harmful causing similar symp-
toms to its deficiency - including inhibition
of lymphocytes proliferation (Haase and
Rink, 2009; Ibs and  Rink, 2003; Rink and
Gabriel, 2000).

The aim of the following study was to
examine the effect of different zinc chloride
(ZnCl2) concentrations on peripheral blood
lymphocytes proliferation in vitro. It was
also verified which phase of lymphocytes
proliferation is affected by ZnCl2. 

Materials and methods
Heparinized samples of blood (8ml)

were collected from healthy donors at
Regionalne Centrum Krwiodawstwa
i Krwiolecznictwa in Poznań, Poland. 

100 µl/100 ml of gentamycine
(SIGMA) was added as a preservation to
Eagle's liquid (BIOMED, Poland). Medium
was later used to isolate lymphocytes and
culture growing. 

Effect of Zinc Upon the Proliferation 
of Human Peripheral Lymphocytes in vitro

B. Poniedziałek, K. Piwecka, P. Rzymski, J. Karczewski, K. Wiktorowicz

Department of Biology and Environmental Protection, University of Medical Science,
Poznań, Poland, basiapon@wp.pl

Abstract
The effect of zinc chloride (ZnCl2) upon the proliferation of human peripheral lym-

phocytes in vitro was investigated. The lymphocytes were isolated from peripheral blood of
healthy volunteers at Regionalne Centrum Krwiodawstwa i Krwiolecznictwa in Poznań,
Poland. The cells were suspended to a final concentration of 25x104 cells/mL in Eagle's
medium supplemented with 10% fetal calf serum. Phytohaemagglutinin-L (PHA-L) was
used in a final concentration of 2.5 µg/ml to stimulate the proliferation of lymphocytes. Zinc
chloride in 4 different concentrations (1 µM, 10 µM, 50 µM, 100 µM) was added to the cul-
tures after 48 hours. The incubation in a presence of zinc salt lasted for 24 hours.

The rate of lymphocyte proliferation was measured by [3H]-thymidine incorporation
method with a liquid scintillation counter. Results indicate that high concentrations of zinc
(100 µM) slightly inhibit the proliferation of human peripheral lymphocytes in vitro. The
phase of lymphocyte proliferation cycle affected by zinc chloride was also investigated. For
this purpose ZnCl2 in 2 concentrations (10 µM, 50 µM) was added to the cell culture in 4
different time points: at the start of the cell culture and after 4 hours, 24 hours, 48 hours of
incubation. After 48 hours of incubation, [3H]-thymidine was added and the cell culture was
continued for further 24 hours. The rate of cell proliferation was estimated by [3H]-thymi-
dine incorporation using a liquid scintillation counter.

The sooner zinc chloride was added the stronger inhibition of thymidine incorporation
was observed, the greatest change was given by 100 µM concentration of ZnCl2

Key words: peripheral blood lymphocytes, proliferation, zinc
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In order to isolate lymphocytes from
blood it was mixed with Eagle's medium in
1:1 ratio and centrifugated (25 minutes, 1750
RPM, temp 5oC) over 5 ml of Gradisol-L
(AQUA-MED). Cells were washed twice. The
lymphocyte suspension (25x104 cells/ml) in
Eagle's medium  was supplemented with 10%
fetal bovine serum (Fetal Bovine Serum;
SIGMA). 

To stimulate proliferation phyto-
haemagglutinin-L (PHA-L, Roche Diagnos-
tics) was used in a concentration of 2.5 µg/ml.
Cultures were incubated with CO2 incubator
(BINDER) under controlled conditions (5%
CO2, temp. 37oC humidity 95%). 

In the first part of experiment after 48h
of incubation ZnCl2 (POCH SA) was added
to the culture in four different concentrations
(1 µM, 10 µM, 50 µM and 100 µM ZnCl2).
Simultaneously [3H]-thymidine (Amersham)
was  added in 1µCi/well concentration and
incubated for next 24 h. 

Second part of experiment investigated
which phase of lymphocytes proliferation is

affected by ZnCl2. Cultures were prepared as
above, two concentration of ZnCl2 were
added (10 µM, 50 µM) in four time intervals:
at the beginning of culture (0 h), after 4 h,
24 h and 48 h of incubation.

Following samples marks were used: K -
control, 1 -  1 µM ZnCl2, 10 - 10 µM ZnCl2,
50 - 50 µM ZnCl2, 100 - 100 µM ZnCl2.

In order to measure thymidine incorpo-
ration, cultures were transferred by harvester
(SKATRON Instruments) on glass fiber filters
(Perkin Elmer Life and Analitical Sciences),
later placed in a scintillation cocktail. Mea-
surement of thymidine incorporation was
determined using scintillation counter
(WALLAC). Results were expressed in counts
per minute (CPM). 

Statistic analysis were determined by
Statistica 8.0 software (StatSoft, U.S.A.). Lil-
liefors test was used in order to examine nor-
mality of distribution. Wilcoxon signed-rank
test was used to compare control and ZnCl2
affected samples. P value <0,05 was consid-
ered as statistically significant. 

Figure 1. Effect of different ZnCl2 concentrations on lymphocyte proliferation (CPM -
counts per minute, samples marked as in methodology).
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Results and discussion
Results indicates that effect of zinc on

thymidine incorporation after 48 h is
determinated by its concentration. Mean
thymidine incorporation in cultures affect-
ed by ZnCl2 was lower than mean thymi-
dine incorporation in control cultures (not
affected by ZnCl2) only for 100 µM ZnCl2
concentration. Difference was statistically
significant (p<0,05, Wilcoxon signed-rank
test) (Tab. 1).

Effect of 1 µM, 10 µM and 50 µM zinc
concentrations on investigated process
were inconsiderable and statistically
insignificant (Fig. 1).

Relation between time of ZnCl2 addi-
tion and thymidine incorporation was also
demonstrated. The sooner zinc chloride
was added the stronger inhibition of
thymidine incorporation was observed, the

greatest change was given by 100 µM con-
centration of ZnCl2 (Fig.2, Tab. 1).

In samples exposed to ZnCl2 at the
start of cell culture mean thymidine incor-
poration was 84% (50 µM) and 59% (100
µM) in comparison to control. In subse-
quent time intervals following values were
observed: 4 h: 90% (50 µM) and 72%
(100 µM); 24 h: 102% (50 µM) and 93%
(100 µM) and 48 h: 102% (50 µM) and 81%
(100 µM).

High zinc concentrations, exceeding
physiological concentration 7-8 times
(circa 100 µM) can inhibit lymphocytes
functions and its proliferation. 

Inhibition of lymphocytes proliferation
by high concentrations of Zn were observed
by Wellinghausen et al. (1997), what proba-
bly was caused by inhibition of type-1 recep-
tor for IL-1 associated with protein kinase 

Figure 2. Time-dependent effect of ZnCl2 on lymphocyte proliferation (CPM - counts per
minute, samples marked as in methodology).

Table 1. Time-dependent comparison of thymidine incorporation in control and zinc-
affected samples (statistically significant results were bolded).



868 15th ICHMET

EFFECTS ON HUMAN HEALTH

(IRAK) and decrease of signal transduction
at very early stage. It was also observed that
100 µM concentration stimulates mono-
cytes, but inhibits T-lymphocytes activation
due to its lower zinc content in cells, result-
ing in higher sensitivity. Concentration
higher 3-4 times (60 µM) than physiological
doesn't lead to T-lymphocytes suppression
but inhibits alloreactivity of mixed lympho-
cytes cultures MLC (Campo et al., 2001). 

In our research inhibition of lympho-
cytes proliferation was most significant for
samples affected by ZnCl2 at the beginning
of in vitro cultures (0 h). It means that high
concentrations of zinc have negative effect
on early phases of signal transduction after
mitogen stimulation, what corresponds with
Wellinghausen et al. (1997) research.
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Tissue Accumulation of Lead, Cadmium, Zinc and Copper 
and ∆ - Aminolevulinic Acid Dehydratase Activity (Alad) 

of Feral Pigeons (Columba Livia) Living Near Lead 
and Zinc Smelter "Trepça" in Mitrovica 
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Abstract
The concentration of lead (Pb), cadmium (Cd), zinc (Zn), and copper (Cu), ∆ - aminole-

vulinic acid dehydratase activity (ALAD) in tissue of tibia, femur , liver , kidney and brain
was determined in two different populations of feral pigeons (Columba livia) caught in
Mitrovica town (situated close to smelter "Trepça", down closed in 2000 year) and in Zatriq
village as uncontaminated area. The concentration of Pb, Cd, Zn, and Cu was significantly
higher (P < 0.001; < 001; <0.05) in all above determined tissues (exception is the concen-
tration of cadmium in tissues of tibia, femur and brain) of feral pigeons from Mitrovica in
comparison with control. The target tissues of accumulation for Pb and Zn are tibia and
femur while for Cd and Cu is kidney and liver. Significantly higher negative correlation
between Pb concentration and ALAD activity in liver and kidney (r=-0.722; r =-0.482;
P<0.01) was confirmed. The ALAD activity of tissue of liver, kidney and brain was signifi-
cantly inhibited (P < 0.001) in feral pigeons from Mitrovica in comparison with controls. 

Key words: Feral pigeon; ALA-D; Tibia, Femur, Liver, Kidney, Brain, Lead 
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Introduction
Since trivalent lanthanum (La) has a

high affinity to phosphate, La carbonate is
used as a phosphate binder to inhibit phos-
phorus (P) absorption and prevent hyper-
phosphatemia in patients with chronic renal
failure (Harrison and Scott, 2004). Accord-
ingly, it is likely that administration of La
carbonate to normal animals results in a low
phosphorus status. 

The interaction of minerals is one of
the major dietary factors that causes low
bioavailability of these nutrients (O'Dell,
1989). Since solubility of calcium (Ca) phos-
phate is low, binding of La to phosphate may
increase soluble Ca in the intestines and
then influence the absorption of several trace
minerals; administration of La may thus
change the distribution of trace minerals. In
the present study, we examined the tissue
concentration of several nutritional essential
trace minerals (iron (Fe), zinc (Zn), copper
(Cu), manganese (Mn), selenium (Se),
chromium (Cr), molybdenum (Mo)) in rats
with a low P status induced by La loading. 

Materials and Methods
Eighteen male 8-week Wistar rats were

divided into 3 groups. One group (control
group) was fed on AIN93M diet (basal diet)
and other two groups (0.45% La group and
0.90% La group) were fed the basal diet with
0.45 and 0.90% La as La carbonate for 4
weeks, respectively. P and Ca contents of the
basal diet were 3,000 and 5,000 µg/g, respec-
tively. On feeding days 25 to 27, urine sam-
ples were collected. After feeding, blood,
liver, kidney, spleen and brain were collect-
ed. Ca, Fe, Zn and Cu in the samples collect-
ed were determined by atomic absorption
spectrometry. Mn, Se, Cr and Mo in the tis-
sues were determined by inductively coupled
plasma-mass spectrometry. Phosphate in
the serum and urine were determined using
vanadomolybdate.

Results and Discussion
Among the experimental groups, no

difference was observed in body and organ
weights. In addition, the La loading did
not influence the hemoglobin and serum 

Effect of Lathanum-Induced Low Phosphorus Status on Tissue
Trace Mineral Contents

M. Yoshida, R. Hosomi, H. Noda, K. Uemura, K. Fukunaga

Laboratory of Food and Nutritional Sciences, Department of Life Science and Biotech-
nology, Faculty of Chemistry, Materials and Bioengineering, Kansai University, 3-3-
35 Yamate Suita Osaka 564-8680, JAPAN, hanmyou4@kansai-u.ac.jp

Abstract
Since lanthanum (La) has high affinity to phosphate, it is used as a phosphate binder

to inhibit phosphorus absorption and prevent hyperphosphatemia in patients with chronic
renal failure. Phosphate interacts with several trace minerals in vivo. Accordingly, accumu-
lation of trace minerals in tissues may change in animals with low phosphorus status. In the
present study, we examined tissue accumulation of several nutritional essential trace min-
erals (iron, zinc, copper, manganese, selenium, chromium, molybdenum) in rats with low
phosphorus status induced by La loading. Eighteen male 8-week Wistar rats were divided
into 3 groups. One group was fed an AIN93M diet (basal diet) and other groups were fed the
basal diet with 0.45 or 0.90% La as La carbonate for 4 weeks. The La loading caused a
marked decrease in urinary and serum phosphate dose-dependently. Among the tissues
examined, the highest La accumulation was observed in the liver (1103 ng/g in 0.45% La
group) followed by the femur (592 ng/g) and kidney (279 ng/g). Brain La was below the detec-
tion limit (<10 ng/g). The La loading caused a significant decrease in iron in the liver and
femur as well as zinc, copper, selenium and molybdenum in the kidney. Conversely, a sig-
nificant increase was observed in iron in the liver and copper in the femur. Since the con-
tents of La in the tissues were extremely low compared to those of Fe, Zn and Cu, it is
thought that the variations in these mineral contents in tissues was not directly caused by
La, but by the low P status induced by La, and the variation of Se and Mo contents was
accompanied by that of Fe, Zn and Cu.

Key words: Lanthanum, phosphorus, essential trace minerals, tissue accumulation,
mineral interaction
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biochemistry (alanine aminotransferase,
aspartate aminotransferase, total and LDL
cholesterol, triglycerides, urea nitrogen, cre-
atinine, iron and total iron binding capacity). 

Figure 1. Contents of La in the liver, kidney
and femur. Band heights and bars represent
mean ± SEM (n=6).

Figure 1 shows the La contents in liver,
kidney and femur. In the control rats with-
out La loading, La could not be detected
(<10 ng/g). In the rats with La loading, the
highest La accumulation was observed in the
liver (1103 ng/g in 0.45% La group) followed
by the femur (592 ng/g) and kidney (279
ng/g). In contrast, spleen La accumulation
was very low (70 ng/g in 0.90% La group) and
brain La was below the detection limit (<10
ng/g in the both La group). No significant dif-
ference between the 0.45% and 0.90% La
groups was observed in the tissue La accu-
mulation.

Figure 2 shows the effect of La loading
on serum P and Ca concentration. Serum P
concentration was dose-dependently
decreased by the La loading. In addition, uri-
nary P excretion was markedly decreased by
La (data not shown); daily urinary P excre-
tion values of the 0.45 and 0.90% La groups
were 11.2 and 4.4% that of the control
group, respectively. This indicates that La
inhibited the absorption of P and induced a
low P status in rats with La loading. 

Serum Ca in the 0.90% La group was
elevated significantly. However, the extent
of the elevation was very small. On the other

hand, urinary Ca excretion was markedly
increased by La (data not shown); daily uri-
nary Ca excretion values of the 0.45 and
0.90% La groups were 3.0 and 12.3 fold that
of the control group. Binding of La to P in the
intestines may increase Ca absorption. 

Figure 2. Serum P and Ca concentration
(mg/dL). Band heights and bars represent
mean ± SEM (n=6) and means without a
common letter differ significantly (p<0.05).

Figures 3 and 4 depict the effect of La
loading on the contents of Fe, Zn and Cu in
the liver, kidney and femur. La loading
caused significant effects on the contents of
Fe, Cu and Zn in several tissues. However,
differences were observed in the direction of
the effect among the minerals examined.
Namely, while Fe was increased in the kid-
ney and decreased in the liver and femur by
La, Cu and Zn were decreased in the kidney
and Cu was increased in the femur.

Figure 5 shows the effect of La loading
on the contents of Mn, Se, Cr and Mo in the
liver, kidney and femur. Similarly to Cu and
Zn contents, Se and Mo contents were sig-
nificantly decreased in the kidney by La. On
the other hand, the Mn and Cr contents
were not changed by La loading.

The reasons for these variations are
not clear. Nevertheless, since the contents of
La in the tissues were extremely low com-
pared to those of Fe, Zn and Cu, it is thought
that the variations in these mineral contents
in tissues was not directly caused by La, but
by the low P status induced by La, and the
variation of Se and Mo contents was accom-
panied by that of Fe, Zn and Cu.
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Figure 4. Effect of La loading on Cu contents
in the liver, kidney and femur. Band heights

and bars represent mean ± SEM (n=6);
means without a common letter differ signif-
icantly (p<0.05).

In the present study, we showed sever-
al variations of Fe, Zn, Cu, Se and Mo con-
tents in the tissues of rats with low P status
induced by La loading. In future, it will be
necessary to examine the effect of a low P
diet on tissue trace mineral contents.
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Figure 3. Effect of La loading on Fe and Zn contents in the liver, kidney and femur. Band heights
and bars represent mean ± SEM (n=6) and means without a common letter differ significantly
(p<0.05).

Figure 5. Effect of La loading on the contents of Mn, Se, Cr and Mo in the liver, kidney and
femur. Band heights and bars represent mean ± SEM (n=6) and means without a common
letter differ significantly (p<0.05).
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The Bioaccumulation of Polonium 210Po in Human Hair 
from Pomeranian Area
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Abstract
Almost 150 samples of human hair and domestic animals fur were collected from

Pomeranian area for polonium analysis and the obtained results in human hair ranged
from 0.33±0.02 to 12.84±0.80 mBq.g-1 dw (mean value is 3.41 mBq.g-1). 

The biggest polonium 210Po concentration was in hair sample collected from a
man with diet rich in fish and smoking about 20 cigarettes per day. The lowest 210Po
concentration was found in hair sample collected from a lady who did not consume fish
and did not smoke cigarettes. The lowest 210Po amounts were also found in children's
hair (0.43±0.03 and 0.84±0.08 mBq.g-1 dw) who did not eat much fish and lived at
homes free of cigarettes. In the case of a child living at home where exposed at cigarettes
this concentration was much higher - 4.02±0.37 mBq.g-1 dw.

Among dogs fur the highest 210Po concentration was found in 7 years old dachs-
hund dog - 4.48±0.54 mBq.g-1 dw, but the lowest 210Po concentration was found in 3
years old staffordshire bull terrier bitch - 1.96±0.26 mBq.g-1 dw. Among cats fur the low-
est polonium concentration was found in fur taken from the same age (1.5 years old)
female and male - 0.80±0.10 and 0.93±0.08 mBq.g-1 dw respectively. The highest was
found in 8 years old cat male - 2.36±0.14 mBq.g-1 dw. Dogs' fur contained more 210Po
than cats' and statistical differences were significant.

The authors would like to thank the Ministry of Sciences and Informatysation of
the financial support under grant DS/8460-4-0176-0.
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Abstract
Oral cancer is one of the leading cancers in Taiwan. Animal studies showed that

oral cancer can be induced by chronic chromium exposure and epidemiological studies
revealed that the incidence of oral cancer in Taiwan is spatially correlated with the nick-
el concentrations in soils [1, 2]. In central Taiwan, Changhua County which was with a
extremely high prevalence of oral cancer had high density of metal-related industries and
soil metal contamination [3, 4]. The aim of this study was to clarify the possible associ-
ation of metals with oral cancer by this area. The authors recruited 101 oral cancer
patients and 104 controls from the Changhua Christian Hospital. All subjects complet-
ed a questionnaire to collect information on demographics, the consumption of smok-
ing, alcohol, and betel quid, and the environmental and occupational exposure history.
Blood samples were collected from subjects and were measured for metal concentrations
by inductively coupled plasma mass spectrometry. The average blood-chromium level of
cases (0.83 µg/L) was above that of controls (0.61 µg/L) (P < 0.0001), and the average
blood-nickel level of cases (1.61 µg/L) was higher than that of controls (1.00 µg/L)
(P < 0.0001). The multiple logistic regression model illustrated that oral cancer was sig-
nificantly associated with the level of blood-chromium and blood-nickel (both with
P < 0.0001) after controlling for potential confounders. This study suggested a potential
role of these two metals in the mechanism of oral cancer development.

Key words: oral cancer, nickel, chromium, betel quid, blood.
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Introduction
Out of the group 12 elements, which

includes zinc, cadmium and mercury, only
zinc is known to support biochemical
processes. It is an essential element associat-
ed with proteins of a wide variety of biological
roles. Proteins require zinc to stabilize their
tertiary structure and it is also found in the
active site of many enzymes. (Dołęga, 2010).

The other two metals - cadmium and
mercury - are well known for their toxic
effects on organisms. Molecular mechanism
of cadmium toxicity is usually connected with
its interference with zinc-mediated cellular
processes. Various effects have been identi-
fied, including the displacement of zinc, for-
mation of mixed complexes or incomplete
coordination of toxic metal ion. (Waalkes,
2003). Cadmium is easily taken up by plant
roots and accumulating in plants creates risks
in the food chain. (Köleli  et. al., 2004) Expo-
sure of human populations to cadmium may
produce effects in organs such as the kidneys,
liver, lungs, cardiovascular, immune and
reproductive systems. Cadmium has been
also identified as a human carcinogen.

(Waalkes, 2003; Fowler, 2009; Benbrahim-
Tallaa et al., 2009) The toxic properties of
mercury compounds are usually explained by
the mercury binding to the sulfhydryl groups
of different enzymes. Kidneys, central nerv-
ous system and thyroid glands have been rec-
ognized as target organs for mercury toxicity.
(Broniatowski and Dynarowicz-Łatka, 2009;
Holmes et al. 2009).

The influence of metals on living
organism depends on the form in which they
are present in the environment. Other fac-
tors like pH, solubility, particles size also
play an important role. Some agents are
known to reduce cadmium toxicity.
Shaikikh and Tang (1999) found that rats
treated simultaneously with cadmium and
vitamin E or glycine were protected against
hepatotoxicity and nephrotoxicity. Newairy
and coworkers (2007) in their investigation
noticed protective effect of selenium against
cadmium toxicity in rats. The toxic effect of
mercury strongly depends on the form of the
metal. Kungolos and coworkers (1999)
examined toxicity of different mercury com-
pounds towards Saccharomycenes cerevisiae 

A Comparative Study on the Toxicity of Chlorides 
and Tri-tert-butoxysilanethiolates of Zinc(II), Cadmium(II) 

and Mercury(II) Towards Candida albicans and Escherichia coli 
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Abstract
Transition metals: zinc, cadmium and mercury constitute the twelfth group of periodic

table. Whereas zinc, associated with proteins of diverse biological roles, is critical for the
development and function of all cells, cadmium and mercury are regarded as very toxic and/or
carcinogenic metals. Cadmium, repeatedly reported as a very toxic element of no known bio-
logical function, causes harmful effects on both crop production and human health. The toxic
properties of mercury compounds are usually explained by the mercury binding to the
sulfhydryl groups of different enzymes. Since the impact of metals on living organism
depends on the form in which they are present in the environment, we have decided to test
the influence of complexation with thiolate ligand on the toxicity of Zn, Cd and Hg. The MIC
values measured for zinc, cadmium and mercury chlorides have been compared with the MIC
values determined for homoleptic zinc, cadmium and mercury tri-tert-butoxysilanethiolates.
The toxicity tests were performed on fungal and bacterial strains Candida albicans and
Escherichia coli. As could be expected metal thiolates exhibited significantly lowered toxicity
compared to chlorides. The effect is most probably due to the low bioavailability of metal ions
bonded to the sulfur ligand. 

Key words: zinc, cadmium, mercury, chlorides, tri-tert-butoxysilanethiolates, toxicity tests
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They noticed that EC50 of inorganic
forms of mercury changes in row
Hg(NO3)2›HgSO4›HgCl2, with the mono-
valent form of nitrate mercury more toxic
than the bivalent one. CH3HgCl was more
toxic than CH3HgOH and HgCl2.

During the studies on the coordination
chemistry of tri-tert-butoxysilanethiolate lig-
and, zinc, cadmium and mercury tri-tert-
butoxysilanethiolate complexes were
obtained. (Becker et al. 1996; Wojnowski et al.
1985 and 1992). The present study describes
the influence of the complexation with tri-
tert-butoxysilanethiolate ligand on the toxici-
ty of zinc, cadmium and mercury ions. The
toxicity tests for zinc, cadmium and mercury
chlorides and tri-tert-butoxysilanethiolates
were performed on fungal and bacterial
strains Candida albicans and Escherichia coli.

Materials and Methods
Zinc, cadmium and mercury chlorides

were purchased from Alfa Aesar and dis-
solved in water for toxicity tests.

The syntheses of bis[bis(tri-tert-
butoxysilanethiolato)zinc(II)], bis[bis(tri-
tert-butoxysilanethiolato)cadmium (II)] and
bis(tri-tert-butoxysilanethiolato) mercury(II)
were described by Becker (1996) and
Wojnowski (1985 and 1992). The com-
pounds were dissolved in DMSO-toluene
10:1 for toxicity tests.

Antibacterial and antifungal activity
was determined by the serial twofold dilution
microtiter plate method, in Tryptic Soy Broth
medium (TSB, GibcoBRL), for antibacterial
activity determination or in Saburaud medi-
um for antifungal activity determination.
Wells containing serially diluted examined
compounds and compound-free control were
inoculated with 12 h cultures of tested
strains to the final concentration of 104
cfu/ml (colony forming units per ml). Plates
were then incubated for 24 h at 37°C (bacte-
ria) or at 30°C (fungi). Microbial growth was
quantified in each well by the measurement
of an optical density at λ = 531nm using the
microplate reader (Victor3V, PerkinElmer,
Centre of Excellence ChemBioFarm, Faculty
of Chemistry, Gdansk University of Technol-
ogy). MIC (minimal inhibitory concentra-
tion) was defined as drug concentration at
which at least 80 % decrease in turbidity, rel-
ative to that of the compound-free growth
control well, was found.

Tested strains: fungi - Candida albicans
ATCC 10231, bacteria - Escherichia coli
ATCC 10536.

Results and Discussion

Figure 1. MIC values of metal chlorides.

Figure 2. The formulas of group 12 metal
tri-tert-butoxysilanethiolates.

The results of antibacterial and anti-
fungal activities of zinc, cadmium and mer-
cury chlorides are shown in Fig.1. E coli were
very sensitive towards mercury chloride
whereas ZnCl2 inhibited growth of bacteria
only at very high concentrations, in agree-
ment with the data published by Winslow
and Haywood (1931). C. albicans exhibited
higher sensivity towards ZnCl2 in compari-
son with the bacterial strain, but at the same
time it showed enhanced survival at higher
HgCl2 concentrations. The MIC values are:

- E. coli (ZnCl2 557 µg/ml, CdCl2
58 µg/ml and HgCl2 < 1.5 µg/ml),
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- C. albicans (ZnCl2 176 µg/ml, CdCl2
21 µg/ml and HgCl2 19 µg/ml),

As could be expected 12 group metal
silanethiolates (Fig. 2) exhibited significant-
ly lower toxicity compared to chlorides. In
the studied concentration range (up to 4
mg/ml) the cadmium and mercury thiolates
did not inhibit the growth of bacteria or
fungi. There are at least two possible expla-
nations of the effect. First reason  is low
bioavailability of metal ions bonded to the
sulfur ligand. This is especially true for mer-
cury since the Hg-S bonds possess mostly
covalent character and thiolate complexes of
mercury exhibit very high formation con-
stants. (eg. Sakurai and Takeshima, 1977).
Second factor that should be taken into
account is the large difference in molecular
weights between chlorides and silanethio-
lates (see Fig. 2). 

Suprisingly Zinc silanethiolate showed
some moderate activity against C. albicans
with the MIC value of 81 µg/ml (Fig. 3) but at
present we are unable to explain this result.

Figure 3. Inhibition of Candida albicans
growth by zinc(II) tri-tert-butoxysilanethiolate

Conclusion
These preliminary results show lower

toxicity of zinc(II), cadmium(II) and mercu-
ry(II) silanethiolates compared to chlorides
in the studied bacterial and fungi strains.
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Introduction
Methylmercury (MeHg) contamina-

tion is a challenge to public health, because
it is mainly contained in fish, which is a
highly nutritious food with known benefits
to human health. The major toxic effects of
MeHg are on the central nervous system. In
particular MeHg affects neurodevelopment
(NRC, 2000). About 95 % of MeHg ingested
is thought to be absorbed in the gastroin-
testinal tract. However absorption and
bioavailability of MeHg may be affected by
dietary components in food such as dietary
fibre found in cereal products or selenium in
fish. Most MeHg is eliminated from the
body by demethylation and excretion of the
inorganic form (ASTDR, 1999; EPA, 2001).

Exposure can be estimated by measur-
ing pollutant levels in various body tissues.
These measurements are also known as bio-
markers of exposure. Hair and blood are used
as biomarkers of exposure for MeHg. Con-
centrations in hair are proportional to simul-
taneous concentrations in blood but are
about 250 times higher. They are also pro-
portional to concentrations in the target tis-
sue, the brain. Levels in cord blood are pro-

portional to but slightly higher than levels in
maternal blood (Cernichiari et al., 1995).
MeHg is also excreted in breast milk. How-
ever, unlike placenta, where MeHg moves
more easily across the placental barrier than
inorganic mercury, inorganic mercury is
more readily eliminated in breast milk than
MeHg (Sundberg and Oskarsson, 1992).

The objective of this study was to
assess the exposure to MeHg of the most
susceptible Slovenian population using
detailed fish consumption data in combina-
tion with biomarkers. Moreover, it is very
important to estimate which of the biomark-
ers of prenatal low-level MeHg exposure is
the most appropriate for use in large-scale
epidemiological studies.

Materials and Methods
Samples were collected from women

living in Slovenia in 2008 in the last month
of their pregnancy or in the first month after
childbirth. The participating women filled
out a food frequency questionnaire from
which the frequency of fish consumption
was assessed. Hair samples were collected
from 574 pregnant women participating in 
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Abstract
In order to assess the mercury exposure of pregnant and lactating women in Slovenia,

mercury levels were determined in hair, cord blood and breast milk. In addition, the frequen-
cy of fish consumption was estimated, because fish is generally the main pathway for
human exposure to methylmercury (MeHg). Hair samples were collected from 574 women
participating in this study, while cord blood and breast milk samples were collected from
444 and 183 women, respectively. As expected, the levels of THg in hair (Med=297 ng/g),
cord blood (Med=1.5 ng/g) and breast milk (Med=0.3) were low, due to low consumption of
fish (X= 25 g per day). A significant linear correlation was found between levels of ln THg
in hair and cord blood (r=0.87, p<0.0001) and between ln THg levels in cord blood and
breast milk (r=0.47, p<0,0001). Spearman's rank correlations between the frequency of fish
consumption and THg in hair (rs=0.35, p<0.0001), and between the frequency of fish con-
sumption and THg in cord blood (rs=0.43, p<0.0001) were weak. This could be due to the
low accuracy of the data obtained from the questionnaires, the high variability of MeHg con-
centrations in fish and a relatively high proportion of inorganic mercury in the biomarkers
which originate from sources other than fish. 

Key words: mercury exposure, breast milk, cord blood, hair, fish consumption
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in this study, while cord blood and breast
milk samples were collected from 444 and
183 women respectively. Total mercury
(THg) in hair and cord blood was determined
by thermal combustion, amalgamation and
atomic absorption spectrometry using a
Direct Mercury Analyser (DMA-80) (EPA
Method 7473, 1998). THg in breast milk
was determined by chemical digestion and
cold-vapour atomic absorption spectrometry
(CVAAS) (Akagi, 2007). MeHg in hair was
determined by solvent extraction and gas
chromatography-electron capture detection
(GC-ECD). A complete description of the
method was given in the references (Horvat
et al., 1988 and 1990). MeHg in cord blood
and milk was determined by acid disolution,
solvent extraction, aqueous phase ethyla-
tion, isothermal GC and cold vapour atomic
florescence detection (CVAFS). A complate
description of the method was given in the
references (Horvat et al., 1993a; Horvat et
al., 1993b; Liang et al., 1994).

All data obtained were analysed using
SAS/STAT software (SAS Institute Inc.,
2001). MeHg levels measured in the most
freaquently consumed species of fish from
the Slovenian market were used from a pre-
vius study (Miklavčič et al., 2010).

Results and Discussion
The frequency questionnaires showed

that pregnant women in Slovenia consume
on average 2.5 portions (150 g) of fresh fish
per month, 2.2 tins (80 g) of canned fish per
month and 1.1 portions (150 g) of frozen fish
per month. This would correspond to a
mean consumption of about 25 g/day (range:
0-185 g/day). As the MeHg concentration in
fish is variable and the highest levels of
MeHg were found in fish at the top of the
food chain (Miklavčič et al, 2010), from the
food frequency questionnaires it was esti-
mated which species of fish are the most fre-
quently consumed. The most frequently
eaten species of fish are tuna (X=2.3 por-
tions/month, Med=2 portions/month),
trout or salmon (X=1.3 portions/month,
Med=1 portion/month), cod (X=1.2 por-
tions/month, Med=1 portion/month), gilt
head bream (X=0.84 portions/month, 1 por-
tion/month) and sea bass (X=0.79 por-
tions/month, Med= 1 portion/month). The
median value for the frequency consumption
of other species of fish was less than 1 por-
tion per month. From among the women
that eat tuna, round 70 % of women buy
canned tuna, while from among the women

that eat cod, round 60 % women buy frozen
cod. Gilt head bream and sea bass are most-
ly bought fresh. The frequencies of fish con-
sumption of specific types of fish are not in
accordance with frequencies of total fish
consumption. The women involved in this
study probably overestimated the frequency
of specific type of fish consumption. More-
over, it must be pointed out that the food fre-
quency questionnaire in our study provided
only approximate information on the fish
consumption and not a precise measure of
fish ingested by an individual. 

The results for THg levels in all collect-
ed samples are shown in Table 1.

Table 1. Mean (X), median (Med), mini-
mum (Min) and maximum (Max) levels for
THg in hair, cord blood and breast milk.

*LOD calculated on the basis of three standard devia-
tions of the blank was 0.05 ng/g for THg determination
in breast milk.

The levels of THg in cord blood from
Slovenian women (Med=1.5 ng/g) are com-
parable with levels of THg in cord blood from
Swedish women (Med=1.3 ng/g) consuming
approximately the same amount of fish per
day (25 g/day) (Björnberg et al., 2003). How-
ever, the levels in cord blood from Slovenian
women (geometric mean (GM) 1.4 ng/g) are
much lower compared to levels in cord blood
from women in the Faroe Islands (GM=22.6
ng/g) (Budtz-Jorgensen et al., 2004). The dif-
ferences in biomarkers of mercury exposure
between these countries are due to the high-
er fish consumption and whale consumption
in the Faeroe Islands. The questionnaire
completed by Faroese adults showed a mean
daily consumption of 72 g fish and 12 g pilot
whale muscle (Vestergaard and Zachari-
assen, 1987). Thus we also obtained compa-
rable result for hair and breast milk with
Swedish pregnant women (Björnberg et al.,
2003; Oskarsson et al., 1996) and much
lower results for hair and breast milk com-
pared to women from the Faroe Islands
(Budtz-Jorgensen et al., 2004; Gtrandjean et
al., 1995). Moreover, the levels of THg in hair
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are far below the estimated MeHg threshold
level for prenatal effects (10 mg/kg) (Cox et al.,
1989). Overall as expected, the concentra-
tions of THg in cord blood, milk and hair were
low, due to the low consumption of fish and
their relatively low levels of mercury
(Miklavčič et al., 2010). 

In addition we analysed MeHg in sets of
samples where THg levels in hair exceeded
1000 ng/g. The concentrations of THg and
MeHg in selected samples are shown in Table
2. At higher levels MeHg on average com-
prised 88 % of THg in hair, 90 % of THg in
cord blood and 46 % of THg in breast milk. A
full interpretation is awaiting the results of
mercury speciation which are in progress.

The natural logarithm (ln) of THg levels
in hair was significantly and strongly associat-
ed with ln THg levels in cord blood (r=0.87,
p<0.0001), while the regression correlations
between the levels of ln THg in breast milk
and ln THg levels in cord blood (r=0.47,
p<0.0001) and the regression correlation
between ln THg levels in breast milk and ln
THg levels in hair (r=0.31, p<0.0001) were
weaker. The weaker correlations might be due
to the more ready elimination of inorganic
mercury in breast milk than MeHg (Sundberg
and Oskarsson, 1992).

The ratio between concentrations in hair
and cord blood was on average 190 and the
range between the 5th percentile and 95th per-
centile was 80 to 330. This is in agreement with
the literature (Budtz-Jorgensen et al., 2004). 

No correlation between THg levels in
breast milk and the frequency of fish con-
sumption was found.    THg in hair and THg
in cord blood increase with increasing fre-
quency of total consumption of fish (rs=0.35,
p<0.0001, and rs=0.43, p<0.0001 for THg
in hair and THg in cord blood, respectively).
The weak correlation could be due to impre-
cise data on fish consumption from the ques-
tionnaire, the low frequency of fish consump-
tion and the high variability of MeHg in fish
(Miklavčič et al., 2010). Moreover, particular-
ly at low level exposure, the presence of inor-
ganic mercury unrelated to MeHg from back-
ground sources can contribute significantly to
measured levels of THg in cord blood or hair.
In addition inter-individual differences may
affect the biomarkers of low-level mercury
exposure (Grundacker et. al., 2007).

To elucidate which fish species con-
tributed most to the levels of THg in cord
blood and levels of THg in hair, stepwise mul-
tiple regression analyses were performed. In 

Table 2. Mean (X), median (Med), minimum (Min) and maximum (Max) levels for MeHg
and THg in hair, cord blood and breast milk in sets of samples where THg levels in hair
exceeded 1000 ng/g.
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the model with ln hair THg as dependent vari-
able, consumption of tuna, gilt head bream
and cod remained significant (adj. R2=0.18,
p<0.001). The same independent variable
remained significant when ln cord blood THg
was chosen as a dependent variable (R2=0.19,
p<0.001). This could be due to higher levels of
MeHg in tuna (Xfresh tuna=559 ng/g,
Xcanned tuna=93 ng/g), gilt head bream
(X=109 ng/g) and cod (X=66 ng/g) compare to
fresh trout (X=25 ng/g) or salmon (X=27 ng/g)
bought on the Slovenian market. However,
because of the relatively few results, further
analyses of MeHg in the most frequently eaten
types of fish available on the Slovenian market
should be conducted to confirm these observa-
tions.

A slightly stronger Spearman's rank cor-
relation was obtained when the sum of mean
levels of MeHg in the most frequently eaten
species of fish was correlated with THg in hair
(rs=0.42, p<0.0001), while the correlation
between THg levels in cord blood and the sum
of mean levels of MeHg in the most frequent-
ly eaten species of fish remained approxi-
mately the same (rs=0.42, p<0.0001) com-
pared to the correlation between THg levels
in cord blood and the frequency of total fish
consumption. 

Conclusion
Overall we can conclude that the con-

centrations of THg in cord blood, hair and
breast milk in Slovenian women are low, due
to the low frequency of fish consumption. At
low levels of exposure a number of factors can
influence the strength of the correlation
between biomarkers of exposure and intake of
MeHg. The important factors are the accuracy
of the data contained in the food frequency
questionnaire, the high variability of MeHg in
fish, the presence of inorganic mercury from
background sources and inter-individual dif-
ferences. Our study also confirmed that THg
in cord blood and hair are suitable biomarkers
of mercury exposure from fish consumption.
In order to improve the interpretation of the
results obtained so far, further analyses will be
conducted, including mercury and speciation
analyses in the most frequently consumed
fish. In order to estimate inorganic mercury
exposure THg analyses will be made in mater-
nal urine. Further data analyses will be done
when speciation analyses will be complete. 
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Introduction
The potentially adverse effect of chemi-

cal substances on the fetus and newborn  is of
major concern in the medicine. In the second
half of 20th century a number of drugs have
been shown to be particularly toxic in imma-
ture and developing organisms Fetuses and
newborn are more susceptible then adults ani-
mals and humans.  The field of teratology has
much expanded in the last 50 years, with the
results that much knowledge has been
acquired of the development of the fetus
(Kacew and Reasor 1984, Nordberg et al.
2008). Drugs are not the only chemicals that
can affect the fetuses and the newborn. During
the last few decades numerous of different
chemical substances, including the wide range
of heavy metals, are present in the environ-
ment. They are present in air, water and soil as
the result of human activity. Some of them are
highly persistent and may enter the female
organism through the food chain. Heavy met-
als as lead, cadmium, mercury, nickel and
chromium can cross the placenta barrier,
accumulate in fetus and caused severe disor-
ders in developing organism. Most of the data
regarding the negative effect of those metals on
fetuses were received from animal studies
mostly on rodents. Mammalian organisms are
very similar so the result obtained from ani-
mals can be for some extend useable for

human. Data on this field (both from animals
and human) from Poland are very scarce
(Zakrzewska 1988, Zadrożna 1996, Zadrożna
et al. 1998, Zakrzewska et al. 2002. The aim
of this study was to assess the heavy metals
concentration in full term human placenta
collected from different polluted areas in
southern Poland. Furthermore the study was
designed to investigate environmental pollu-
tion impact on the accumulation of heavy
metals in human placenta.

Material and Methods
Full term placenta from healthy women

from five different polluted areas from south-
ern Poland were collected  between year 1995
and 2007. First group consist from 20 samples
were collected between 1995-1998 in Legnica-
Głogów Copper Region (LGOM), second
group (19 placenta) was sampled in 2000-
2002 in Upper Silesia Industrial Region
(GOP). Third group (20 placenta) were collect-
ed in Kraków agglomeration (Małopolska dis-
trict) between 2000-2002. Fourth group (5 pla-
centa) were taken in 2007 from hospital in Jas-
trzębie Zdrój city located in high industrial
region in Silesia district (Table 1). Control
group was from Bieszczady Mountains. From
this region 25 samples were collected between
2000-2002. All samples were wet digested in
mixture of HNO3 and HClO4 (4:1) and the 
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Abstract
The aim of this study was to assess the heavy metals concentration in full term  human

placenta collected from different polluted areas in southern Poland. Furthermore the study was
designed to investigate environmental pollution impact on the accumulation of heavy metals in
human placenta. Placentas from healthy women were collected from five different polluted
areas in southern Poland: Legnica-Głogów  Copper Region, Upper Silesia Industrial Region,
Kraków agglomeration, Jastrzębie Zdrój city and Bieszczady Mountains as control. Newborn
from Jastrzębie Zdrój and Upper Silesia were much lighter than those from Kraków and
Bieszczady region. Highest cadmium concentration was notice in placenta from Legnica-
Głogów region while highest lead was found in samples from Jastrzębie Zdrój. Smoking had the
effect on lead concentration in placenta. In placenta from Jastrzębie Zdrój effect of sanple loca-
tion was found. Lead and cadmium were mainly accumulated at the maternal side what indi-
cate that human placenta appears to be the partial barrier for those metals.

Key words: Human placenta, heavy metals, environmental contaminants, placental barrier 
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concentration of heavy metals (Cd, Pb, Cu, Zn
and Fe) was analysed using atomic absorption
spectrophotometer PerkinElmer AAnalyst
800 with graphit furnace for Cd, Pb,Cu and
with flame for Zn and Fe (Damek-Poprawa
and Sawicka-Kapusta 2003). Additionally pla-
centa from Jastrzębie Zdrój city were analysed
for the same heavy metals in  placentas layers
(in relation to thickness of the placenta),
anatomic segments of placenta (paracentral
and central part) and placentas intended
beams (designed from umbilical cord). Metal
concentrations are presented in µg/g dry
weight.

Results and discussion
Cadmium concentrations in placentas

were low and ranged from 0.05 µg/g in women
from Kraków agglomeration to 0.20 µg/g in
placenta collected in Legnica-Głogów Copper
Region (LGOM) (Table 2). No statistical sig-
nificant differences from all investigated
places were found. Low lead concentration

was noticed in human placenta from
Bieszczady Mountains and Upper Silesia
Industrial Region (GOP), 0.06 and 0.03 µg/g
respectively. The higher value (0.24 µg/g on
average) was found in Kraków and LGOP
regions. There are statistically different from
those found in Bieszczady and in GOP. Statis-
tically  highest  lead concentration (2.66 µg/g )
from all others was found in women leaving in
Jastrzębie Zdrój city (Table 2). No statistical
differences in copper and iron concentrations
in placenta samples between investigated
areas were found. Zinc concentrations ranged
from 47 µg/g in placenta from Bieszczady
Mountains to 66 µg/g in samples from LGOM.
This highest value was significantly different
from results obtained for placentas from GOP,
Bieszczady and Kraków regions (Table 2). Age
and mothers occupation, pregnancy lenght,
newborn sex and Apgar score, placenta vascu-
larization and  weight were not statistically dif-
ferent between investigated regions. Newborn
from GOP and Jastrzębie Zdrój were much

Table 1. Characteristic of newborn from different polluted sites.

1,2 - different numbers indicates statistically important differences between investigated areas (p< 0,05) 
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Table 2. Heavy metal concetrations in human placenta from different contaminated sites.

a,b - different letters indicates statistically important differences between investigated areas (p< 0,05) 
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lighter than those from Bieszczady and
Kraków regions (Table 1). It could be effect of
contaminated environment (steel heavy
industry regions) on pregnant women.
Smoking had an effect on Pb concentration
in placentas from GOP region - placentas of
smoking mothers had higher lead mean
value than sample from non-smoking moth-
ers. In human placentas from Jastrzębie
Zdrój city the effect of samples location was
found. Essential metals were homogenously
distributed in components of the placenta.
Toxic metals (cadmium and lead) were
mainly accumulated at the maternal side of
placenta, what indicate that human placenta
appears to be the partial barrier for those ele-
ments and protect fetus again intoxication.
But data we received come only from five pla-
centas so material we investigated was too
small.

Conclusion
Our surveys showed that human pla-

centa is not close barrier, as some amount of
lead and cadmium can cross it. In case of
those two metals it is know that they could
be fetotoxic and caused malformation in the
offspring. 
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Introduction
Thorium and uranium reoffered to the

group of actinides has been known along
with protactinium as early as at the begin-
ning of the past century (Greenwood and
Ernshoe, 2008). The concept about chem-
istry, occurrence and behavior of these natu-
ral nuclides was developed mostly in terms
of advancement of nuclear engineering and
achievements in chemistry. At present we
have some information on their chemical
properties (Spitsyn and Martynenko, 1991),
geochemical behavior in different types of
soil, rocks and indicators (Yevseeva and
Perelman, 1962; Kabata-Pendias and Pen-
dias, 1989; Titayeva, 2000; Rikhvanov,
2002) as well as on their influence on living
organisms (Hoffman, 1943; Balabukha and
Fradkin, 1958; Rassel, 1971; Moiseev and
Ivanov, 1984; Baranovskaya, 2009).

Nevertheless, the problem of quantita-
tive content of these elements in the seg-
ments of living environment as well as bio-
geochemical aspects of their behavior have
not been studied yet up to now. Presumably,
this fact is explained to a considerable extent
by the analytical difficulties of their determi-
nation in living substance (LS). Contempo-
rary kinds of analysis are favorable to accu-
mulation of information on content of these
elements in different natural objects. 

The urgency of such research is condi-
tioned by the fact that chemical toxicology
has not been virtually investigated, radiation
toxicology of those elements being well stud-

ied, which is a large gap in ecogeochemistry
(Ivanov, 1997).

Materials and methods
We have analyzed features of thorium

and uranium distribution in different envi-
ronment of 16 regions in Tomsk oblast.
Besides, the index values of their concentra-
tion and Th/U relationship for reveling
changes in conditions of not only outside the
organism but also inside it was stated.

The following objects were investigat-
ed: soil (192 samples), drinking water (93
samples) and scale (salt depositions in
houseware) (293 samples), organs and tis-
sues of human organism (bioptic specimen
of transformed thyroid gland (114 samples),
hair (560 samples), blood (255 samples). All
objects were selected in accordance with
specified techniques and analyzed with
method of neutron activation analysis after
preliminary sample preparation in the
research laboratory of nuclear-geochemical
methods of Geoecology and Geochemistry
Department, Tomsk Polytechnic University
by A.F. Sudyko, analyst. 

Results and Discussion
Analysis of spatial distribution of

chemical elements in various media in the
territory of Tomsk Oblast has shown that
zones of their elevated concentrations in
water, scale, and soil, as a rule, coincide with
those stated by the results of accumulation
in living substance - hair, blood and bioptic

Biogechemistry of Uranium and Thorium

N.V. Baranovskaya*, L.P. Rikhvanov, B.R. Soktoyev

Geoecology and Geochemistry Department, Tomsk Polytechnic University, Lenina St., 30,
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Abstract
The peculiarities in thorium and uranium distribution in various media (soil, drinking

water, scale, hair, blood, biopsic specimen of pathologically changed thyroid gland) from 16
regions of Tomsk Oblast of Russian have been analyzed. Besides, the values of their concen-
trations and Th/U relations have been stated for indication of changes in conditions of not
only outside an organism but also inside it. The basic research method is neuron-activation
analysis made in the nuclear-geochemical laboratory of the Geoecology and Geochemistry
Department. The analysis of spatial distribution of radioactive elements over the territory of
Tomsk Oblast as well as region ranking indicators of system interaction allows for reveling
different mechanisms of entry, distribution, and accumulation of uranium and thorium in
living systems. Their accumulation in accumulative media - hair, in pathological thyroid
forms - indicates the fact that the elements entering with water, from soil via trophic chain
or air are not excreted, but stay in the organism. 

Key words: Uranium, thorium, environment, living system, biogeochemistry
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material of pathologically changed thyroid
glands. But in this case there are some pecu-
liarities. Thus, elevated uranium concentra-
tion in blood, thyroid glands, water and scale
in some regions of the oblast has a reversed
character in comparison with their accumu-
lation in soil and hair. 

The maximum high concentrations of
this element in pathologically changed thy-
roid glands are of linear zone character with
South -North direction through the territory
of Tomsk region characterized by the com-
plex anthropogenic load.

High thorium concentrations are also con-
nected with the territory of Tomsk region and
typical for soil, blood, hair, and thyroid gland,
but are not the case for drinking water scale.

Such features in element distribution
result in the conclusion on migration of
investigated elements in different forms
along the "environment - living organism"
chain. In fact, the intensity of uranium and
thorium intake into living systems depends
on the kind of chemical compounds (Th+4,
U+4, U+6), medium conditions (Eh, pH),
ways of their intake (breathing or along the
food chain), as well as properties of living
system itself and some other factors. Analy-
sis of Th/U ration distribution in children's
hair composition of Tomsk oblast has shown
that in contrast to other media its values
higher than 0,7 are typical for narrow zone in
the territory of Tomsk oblast connected with
the zone of Siberian Chemical Combine
impact - a nuclear fuel cycle plant. Taking
into consideration the prevailing direction of
wind transfer one could suggest that such a
pattern of distribution is most likely
explained by the effect of air constituent
reflected in hair composition. Besides, this
value is high not due to thorium constituent,
against the background of both high urani-
um and thorium concentrations with some
predominance of the latter in separate sites. 

To solve the problem of potential
mechanism of element entry to living sys-
tem we calculated the water migration coef-
ficient by Yevseeva and Perelman (1962) for
uranium. This index allowed for the state-
ment of the fact that its maximum intensity
is typical for Zyraynsk region of Tomsk
oblast (Fig.1). One could assume that on the
territory there is a favorable geochemical
environment for more active uranium
migration (elevated concentrations connect-
ed with lignite in the zone of aeration, hydro-

carbon water composition is likely to result
in fluid uranyl-carbonate complexes etc.). 

Thorium does not show such migra-
tion capacity in this region. It is inert, and in
its distribution map it is characterized by low
accumulation level nearly in all media. Sim-
ilar conditions are likely to be typical for
Bakhchar, Asino, and Teguldet regions.
Tomsk region is characterized by thorium
accumulation in different media against the
background of uranium water migration
close to one.

Presumably, increase in fluid uranium
forms is reflected in its significant accumula-
tion in blood of the population living in these
territories, that defines the region differenti-
ation according to radioelement relationship
in "water - blood" system and "hair - blood",
"blood - thyroid gland" biosystems (Fig.2). 

Special location of Zyryansk region
(7 in all graphs) with high concentration of
uranium in such media as water and blood
proves the data on significant intensity of
the element migration and its possible
intake with drinking water. For several resi-
dential areas of this region the presence of
high uranium content in water has been
known before, which probably comes into it
from brown coals enriched with this compo-
nent (Rikhvanov, 1997). Lower concentra-
tions in hair and thyroid glands indicate that
it is most likely to be a form of element in
which it is excreted from organism and not
accumulated in depository media. 

Of particular interest is the fact that
the residential areas are divided into three
main groups of linear character in terms of
features of uranium accumulation in water
and human hair depending on its concentra-
tions in these media. 

It should be noted that for Tomsk region
significant element concentrations are
observed in thyroid tissue composition. That
may be connected with selective uranium
accumulation (Denisova et al., 2009) or pecu-
liarities of its intake in this region, as the accu-
mulation analysis of residual areas shows that
the highest content is determined in composi-
tion of thyroid glands of residents from samus
settlement as well as Seversk town located in
the SCC impact zone. 

Influence of Alexandrovo and Kargasok
region location of Tomsk oblast in the analy-
sis of "blood - hair" system permits the sug-
gestion of prevailing other uranium intake
mechanisms in living systems in compari-
son with those in Zyryansk region. These 
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Figure 1. Coefficient of uranium water migration in the regions of Tomsk oblast. Rregions:
1 - Tomsk, 2 - Asino, 5 - Shegarsk, 6 - Teguldet, 7 - Zyryansk, 8 - Parabel, 9 - Bakhchar, 10
- Kolpashevo, 11 - Verkhneketsk, 14 -Pervomayskiy.

Figure 2. Ranking regions of Tomsk oblast in terms of uranium relationship in different
media: 1 - 16 - regions: 1 - Tomsk, 2 - Asino, 3 - Chainsk, 4 - Krivosheino, 5 - Shegarsk, 6 -
Teguldet, 7 - Zyryansk, 8 - Parabel, 9 - Bakhchar, 10 - Kolpashevo, 11 - Verkhneketsk, 12 -
Alexandrovo, 13 - Kargasok, 14 -Pervomayskiy, 15 - Kozhevnikovo, 16 - Molchanovo.
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regions are described as oil-and-gas bearing
ones that is likely to be reflected in features
of uranium accumulation in living system
composition in these areas. 

Conclusion
Therefore, the analysis of data on spa-

tial distribution of radioactive elements over
the territory of Tomsk oblast as well as indi-
cators of region ranking in terms of system
interaction allows for suggestion of different
intake, distribution, and accumulation
mechanisms for uranium and thorium in
living systems. Their accumulation in
depository systems - hair, pathological forms
of thyroid glands points to the fact that the
elements entering with water, air, from soil
along the food chains, are not excreted from
organism, but stay in it. This fact requires
for special analysis of medical health indica-
tors in these regions, since uranium is
known as a renal poison, but thorium has
capacity of respiratory depression, hence,
one could assume a higher specific disease
rate for population. Therefore, it is necessary
to arrange the prophylaxis of population dis-
ease  in such areas.
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Introduction
Particulate matter (PM) is composed of

inert carbonaceous cores with multiple lay-
ers of various adsorbed molecules including
metals, organic pollutants, acid salts and
biological elements such as endotoxins,
allergens, and pollen fragments (Gualtieri et
al. (2009)). This term refers to the solid and
liquid particles (dust-size pollutants) that are
dispersed into ambient air (Vallius (2005)).
Particulate matter contains organic com-
pounds (soot, polycyclic aromatic hydrocar-
bon [PAHs]) or inorganic (metals, sulfates,
nitrates, and other inorganic species), or
combinations of both organic and inorganic
constituents (Sondreal (2004)). It can be
classified into primary and secondary parti-
cles based on the mechanism of their forma-
tion. PM may be emitted directly (primary
PM) or be formed in the atmosphere (sec-
ondary PM). Both types of particles are sub-
jected to growth and transformation, since

there can be formation of secondary material
on the surface of existing particles.

Electron microscopy has proved to be
an ideal tool for characterization of individ-
ual particles. TEM and SEM coupled with
Energy Dispersive X-ray Spectrometer char-
acterization is well suited to provide infor-
mation on individual particles like: mor-
phology, elemental composition, mixing
state, crystal structure, particle number,
metals identification, crustal elements,
(Casuccio et al. (2004), Kandler et al.
(2007)). Using automation procedures, large
numbers of individual particles in the size
range from 100 nm up to 50 mm in diameter
can be studied, providing high statistical sig-
nificance. Electron microscopy can provide
valuable information on the composition,
sources, and atmospheric transformations
as well as the number and volume-size dis-
tribution of atmospheric aerosols. These
data are essential for the assessment of
health effects of airborne particles, but cannot

Analysis of Metals in Air Particles From Gdansk and London 
with EDX/EDS Detectors in Electron Microscope
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Abstract
Electron microscopy with Energy dispersive X-ray spectrometry (EDX/EDS) is the

example of non-destructive analytical method for surface elemental analysis, with a poten-
tial detection limit of 0.1-0.5 wt.% for most elements. A spatial resolution <10 nm can be
achieved using this technique, which provides a basis for the generation of quantitative and
qualitative elemental data for individual particles. In order to obtain quantitative concentra-
tion data from EDX/EDS analyses it is necessary to apply sample composition-dependent
matrix corrections to the initial X-ray spectrum data. The corrections are based on algo-
rithms built into the instrument data processing software, and attempt to take into account
the loss of resolution caused by beam diffraction, absorption and X-ray fluorescence within
the particle matrix.

In years 2006-2010 particulate matter analysis was carried out for dust samples col-
lected from Gdansk and London area. Research was performed with the usage of two differ-
ent electron microscopes: Scanning Electron Microscope with EDX (Jeol 840 PGT Avalon
EDX) and Transition Electron Microscope with EDS (Jeol JEM 2000FX). The investigation
of elementary composition with the usage of EDS/EDX detector, showed that in the most of
samples mineral particulate matter containing mainly Si, Al, K, Ca appeared (both in Gdan-
sk and London). In tested samples particles with metals as Mg, Fe, Zn, Cu, Ti were also
present (mostly in London).

Key words: PM analysis, Energy dispersive X-ray spectrometry, EDX, EDS, electron
microscopy, SEM, TEM, metals in air
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be obtained by mass measurement alone
(Shi et al. (2003)). Energy-Dispersive X-Ray
Spectroscopy (EDS or EDX) - is chemical
microanalysis technique acquired from
small regions of the specimen illuminated
with a focused electron beam (Tanaka
(2008)). The elemental composition of a
phase is determined using the characteristic
X-ray spectrum of the examined specimen. It
is a non-destructive analytical method for
elemental analysis, with a potential detec-
tion limit of 0.1-0.5 wt.% for most elements
(Haley et al. (2006)). The EDS scintillation
detector is capable of identifying elements
with atomic numbers equal to or greater
than five (boron) although the quantification
is very difficult for elements with atomic
number below eight (oxygen) (Laigo et al.
(2008)). EDS can provide rapid qualitative,
or with adequate standards, quantitative
analysis of elemental composition with a
sampling depth of 1-2 microns.

Materials and Methods
In years 2006-2010 particulate matter

analysis was undertaken for dust samples
collected from Gdansk and London area.

Research was performed with the usage
of two different electron microscopes: Scan-
ning Electron Microscope with EDX (Jeol
840 PGT Avalon EDX) and Transition Elec-
tron Microscope with EDS (Jeol JEM
2000FX). The investigation was carried on
in elementary composition with the usage of
EDS/EDX detector.

The filter with PM collected was cut
into two parts. First part (used for TEM
analysis) was subjected into: extraction sup-
ported by ultrasounds, then filtration, dry-
ing, dissolving of membrane filter material,
burning into ash, coating sample layer with
carbon, and finally the transfer of dust on
electron microscope grids. Preparation of
samples to TEM analysis was performed
according to the procedure given by ETC lab-
oratory researchers. The second part of ana-
lytical filter (used for SEM analysis) was
sticked using double-side tape to the stub,
which is used in Scanning Electron
Microscopy and placed in Sputter Coater of
Kworum SC7640 device, to cover the sample
with the layer of gold (2', voltage 2 kV).
Secondly, the stub with the samples was put
in the desiccator. Sample observation was
performed using the magnification between
2500 and 60000. Analysis of elementary
composition of selected area was conducted

by X-ray radiation with Si (Li) detector in
EDS/EDX system. This detector recorded
chemical elements with energy activation
above energy activation of beryllium (all ele-
ments with atomic number higher than 4).

Results and Discussion
In most cases particulates with magne-

sium were indentified in dust samples.
Spherical particle of magnesium sulphate is
showed in Fig. 1a, the spectrum 1b repre-
sents high peak of Mg and S.

Figure 1. Dust sample from Gdansk collect-
ed 15 June 2006: a) PM composed of MgCl,
b) EDX spectrum.

Another particle containing high quan-
tity of metal (bar) is the flake of bar sulphate
BaSO4 localized in dust sample. Particles
and flakes with iron were also found (Fig. 2).

During analysis the particle was exam-
inated, which after X-ray microanalysis
showed high quantity of iron and antimony
Sb (Fig. 3a and b). Due to the lack of any lit-
erature data regarding this field of interest, it
is hard to estimate the particle source. How-
ever, the content of toxic Sb element, small
size of the particle (4µm in diameter - res-
pirable particle) and the particle presence in
the air, all this come into mind about the
danger, which is carried out by PM10.

According to results obtained mineral
particles, combustion dusts and biological
particulates dominated in tested PM sam-
ples. Particulate matter with metals makes
only small percent of all dusts. Particles with
metals as Mg, Fe, Zn, Cu, Ti, Ba, and Mn 

a

b
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were mostly present inLondon. During spec-
trum interpretation challenge with overlap-
ping of peaks of Ba and Ti appeared. The
detector can indicate incorrect element, due
totheir similar dispersion energy of X-ray
and low signal intensity.

Figure 2. Dust sample from Hillingdon col-
lected 02 August 2006: a) PM composed of -
the big BaSO4 flake, b) EDX spectrum.

Figure 3. Dust sample from London collect-
ed 2 August 2006: a) Bright particles com-
posed of-Fe and Sb - toxic element, b) EDX
spectrum.

Elements like copper or carbon were
present in each analyzed sample, taken from
objective copper mesh or thin carbon layer
used to cover the sample.

Conclusion
The use of EDX/EDS detectors conju-

gated with electron microscopes was imple-
mented, whereby determination of PM ele-
mental composition and its morphology was
done. EDX/EDS spectrometers make the
analysis of the single particle composition
relatively easy and fast. 

Theoretically, due to these devices the
content of many elements in the sample can
be determined. The research undertaken
proved the utility of these devices. With the
use of EDX/EDS the elements in particulate
matter were identified.

This kind of detector has some disad-
vantages. EDX spectrometer is quite expen-
sive and not all microscopes are equipped
with it. Some of these spectrometers need to
be cooled with liquid nitrogen, which makes
the handling more complicated. EDX's char-
acteristic (not necessarily a disadvantage) is
that the signal is mostly collected under the
sample surface from rather large volume.
These feature maybe the weakness of this
equipment in case of testing very small parti-
cles or particles with very low density (and
this is how atmospheric PM is consisted of).
When particulate matter is smaller or thin-
ner than the volume from signal is collected,
it could happen to collect the signal from the
background or ambient filter. Therefore,
during analysis of particulate matter settled
onto filter made of fibers, detector resulting
signal will contain information taken also
from the fibers. Moreover, if the PM surface
is not flat (that happens almost always) or is
not homogenous at the place of analysis,
result may be falsified. In spite of their disad-
vantages, this type of spectrometer is appli-
cable in chemical analysis of single PM.
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Introduction
About 35 million litres of premium

motor spirit (PMS -Nigeria's super grade
fuel) is burnt in Nigeria every day. At the
turn of the decade, before the progressive and
eventual total phase-out of lead from the
product, each litre of Nigeria PMS is estimat-
ed to contain about 0.7 g of lead added as
anti-knock tetra ethyl lead, which amounted
to about 24.5 tonnes of lead being released
into the Nigerian environment every day. 

It is well established that the use of
leaded fuel constitutes a grave hazard to
human health (ATSDR,2010, Shy 1990).
Most of the gasoline lead is disproportion-
ately deposited close to the sources of emis-
sion. Literature data from an IUPAC Techni-
cal report showed that Pb levels of 10 - 100
ng/g were measured in grass near petrol sta-
tions compared with 6 - 11 ng/g for grass
near residences (IUPAC 1995).  From previ-
ous works in Nigeria and elsewhere, it has
been established that the levels of Pb in trees
and plants near highways vary with traffic
volume and that Pb levels in entrained soil
fall rapidly with distance from highway.  The
paper by Ogunsola et al (1994) documented
high blood levels in traffic wardens in a
Nigerian city, while Adeniyi and Anetor
(1999) found that although occupationally
exposed Nigerians had elevated blood Pb
compared with control subjects not occupa-
tionally exposed, nevertheless, 82% of the

control subjects had blood Pb levels higher
than commonly acceptable levels.  They sug-
gested Pb poisoning of a high magnitude due
largely to high gasoline Pb as a possible
explanation. In several countries including
the United States (Pirkle J et al, 1994) and
Greece (Maravelias C, 1998), significant
decline in blood lead levels in close correla-
tion to decrease in lead content of gasoline
has been demonstrated.

The absorption and biologic fate of lead
once it enters the human body depend on a
variety of factors. Especially important deter-
minants are the physiologic characteristics
of the exposed person, including nutritional
status, health, age, as well as the chemical
form of the ingested lead. Organic lead com-
pounds, such as are found in leaded fuel are
by far much more toxic, being metabolized
in the liver unlike inorganic lead which does
not undergo such transformation. (ATSDR,
2010). Effects of elevated Pb include brain
damage, abdominal colic, varieties of behav-
ioral disturbances, coma, respiratory arrest
and hyperkeratosis on the soles of feet and
palm. (ATSDR, 2010, Lee et al , 2005).  Ele-
vated Pb has further been associated with
renal disease, cardiovascular effects, repro-
ductive toxicity, and irreversible neurologic
damage. (ATSDR, 2010). Leaded gasoline
was phased out in the US from 1975 - 1986
and in Europe in the 1990s. 

Marked Lowering in Pb Blood Levels Follows Lead Phase-Out from
Gasoline in Nigeria

J.O. Ojo1, O.O. Oketayo1, M. Horvat2

1Department of Physics, Obafemi Awolowo University, ILE-IFE, Nigeria,
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Abstract
The incorporation of tetra ethyl lead as an additive to gasoline to improve octane rat-

ing has generated much controversy since its inception in 1921. It is a classic example of the
crying need to balance technological improvement with environmental sustainability, given
the well-established deleterious effects of lead on humans, especially children. After consid-
erable inertia, Nigeria finally achieved a complete phase-out of leaded gasoline around 2004.
Even though this very important public health issue was poorly publicized, the consequent
benefits are already measurable. In this work, we present the results of blood levels in 62
Nigerian female subjects who are occupationally exposed to vehicular pollution. Lead levels
determined using ICP-OES have a mean value of 6.81 ± 2.61 µg/dL. This is now within the
currently accepted "No Action" lead level of 10 µg/dL; and is significantly lower than lead lev-
els (12.0 ± 6.0 µg/dL) measured by us in similar subjects at Ile-Ile in the 1990s.

Key words: Unleaded gasoline, blood lead, ICP-OES
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In Nigeria, as in most other developing
nations, women are especially exposed to
traffic lead by virtue of the extensive practice
of street trading.  Women of childbearing age
are especially vulnerable. Maternal blood
lead, from exogenous and endogenous
sources, can cross the placenta and put the
fetus at risk.  Increasing evidence indicates
that maternal lead adversely affects fetus via-
bility as well as fetal and early childhood
development ( Lee et al , 2005). 

In this work, lead levels were deter-
mined in whole blood samples taken from
62 women who are occupationally exposed
to vehicular pollution in Ile-Ife, a city in
South-West Nigeria.

Materials and Methods
Subjects
The protocols for the study was

approved by the Ethics Research Committee
of the Obafemi Awolowo University Teach-
ing Hospital Complex.

Sixty-two non-smoking, female sub-
jects within child-bearing age who were not
pregnant at the time of study, were recruited
at Ile-Ife. All had history of extensive expo-
sure to vehicular pollution for at least the
preceding one year.  Nine of the 63 subjects
were police traffic warden while the others
comprised of petrol station attendants (5)
and street traders (45). The remaining 3
have no known regular exposure to lead, and
are considered unexposed. They were 2
police traffic officers who were mostly
involved with office work, and one teacher in
a private school remote from any highway.
All participating subjects, meeting all our set
criteria, gave informed consent in writing
before being recruited into the study.

For each subject, 5 mL of (8 - 14 hour)
fasting blood samples were collected into
heparinised bottles. The samples were trans-
ferred to a freezer for storage at -20oC within
3 hours. They were later thawed and trans-
ferred under HEPA filtered air, into pre-
cleaned universal bottles (with wider diame-
ter - 2.88 cm). They were then  lyophilized
using our Edward Modulyo 4K Freeze drier
(Vacuum and Industrial Products) at the
Obafemi Awolowo University Teaching
Hospital Complex, with each batch of 10
samples requiring about 48 hours before
lyophilization was complete -  indicated by
stable chamber pressure. Wet and dry weight
of each sample were determined before and
after lyophhilization. The freeze-dried sam-

ples were then subjected to between 40 - 45
kGy of gamma irradiation using the Gam-
maCell 220 at the Centre for Energy
Research and Development of the Obafemi
Awolowo University.  The purpose of the
irradiation was to sterilize the samples, in
view of the fact that tests for various
pathogens, e.g. for HIV, hepatitis, etc were
not carried out as they were not included in
our approved protocols.  

Elemental Analyses
Elemental analyses were carried out at

the Josef Stefan Institute, Ljubljana, Slove-
nia, About 0.15-0.17 g of  lyophilised blood
sample was weighed into a 50 mL teflon
tube. Three mL of 65 % HNO3 and 1 mL of
30 % H2O2 were added and the tube was
heated in an aluminium block at 80 oC
overnight, and then at 130 oC for 2 hours.
After cooling, 2 mL of 30 % H2O2 was added
three times and the tube was heated every
time for 15 min at 90 oC. Finally the solu-
tion was diluted to 20 g with Milli-Q water.

Solutions were analysed by an Induc-
tively Coupled Plasma Mass Spectrometer
(7500ce, Agilent) equipped an ASX-510
Autosampler (Cetac), a micromist nebulizer,
a Scott-type spray chamber and an octapole
reaction system using helium and hydrogen
as a reaction gas. Radio frequency power was
1500 W. Torch position and gas flow rates
were optimised daily to give maximum sen-
sitivity. Lead isotopes monitored were
206Pb, 207Pb, and 208Pb. External calibra-
tion was used for quantification. The result-
ing detection limit for these protocols was 11
ng/g. 

Quality control was performed by the
use of two reference materials: (1). Seronorm
Trace Elements Whole Blood L-1 which is a
liquid (after reconstitution) blood sample. (2)
PHIME's control material PT-WB1 which is
a lyophilised whole human blood sample. 

Results and Discussion 
The results of the quality control

analyses are shown in Table 1, and both
indicate satisfactory analyses.  The lead lev-
els in the blood samples of our subjects are
shown in Table 2. The values obtained in
this work are compared with values obtained
by our group for similar subjects also at Ile-
Ife in 1994 as well as with other relevant lit-
erature values.  On Table 3, we show the rel-
ative fraction of our subjects with blood lead
levels greater than 10 µg/dL within the vari-
ous groups of subjects 
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Table 1. Quality Control analyses of refer-
ence materials. (n-number of all determina-
tions).

Table 2. Blood Levels in Nigerian subjects
compared with literature values.

Nigeria has effected a complete change
from unleaded to leaded fuel, though very
poorly publicized.    Results of this work is
probably the first describing a significant
decline in blood lead values in Nigerian sub-
jects.

The mean (year 2007) value measured
in this work (6.81 ± 2.61 µg/dL) shows a
marked decrease compared with the year
1990 mean value previously obtained by us
for Ile-Ife subjects (range, 1.7 - 32.5 µg/dL,
mean, 12.0 ± 6.0 µg/dL) (Ojo et al, 1994), or
the year 1995/96 mean value measured by
another group  also on Ile-Ife subjects (10.5 -
35.5 µg/dL), (Fatoki and Ayoade, 1996).
Thus, within the space of two - three years
that the change was effected, about 43%
change in lead blood level is evident. 

Table 3. Relative distribution of lead blood
levels within different Exposure Groups.

This result is thus probably the first
work confirming a significant change in blood
levels in Nigerians after the little-publicised
phase-out of leaded gasoline in the country
around 2003/2004.  The more than 40% drop
in mean blood level measured in this work
within three years of Nigeria's change to
unleaded gasoline reflects the relatively short
biological half-life of lead in blood for which
cause blood lead levels only reflects exposures
over an average of the prior 120 days.
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Our result is also consistent with the
78% decline in blood lead levels (from 13.1 to
3.0 µg/dL) reported in 1994 by Pirkle et al
(1994) for subjects aged 20 to 74 years, based
on data from the US National Health and
Nutrition Examination Surveys between 1976
and 1991. A further decline of 41% (using geo-
metric mean) was observed in the 5-year peri-
od between the interval 1988-1994 (2.76
µg/dL) and the interval 1999-2002 (1.64
µg/dL). (Muntner et al, 2005)  These declined
levels in Nigerian subjects promise better
quality of life in the country.  Using data from
NHANES III, Muntner et al (2005) observed
associations between declined levels of lead
exposure and morbidity, including hyperten-
sion and chronic kidney disease.

Despite the general marked decline in
lead blood levels of the subjects measured in
this pilot study, 22% of the traffic wardens
and 11% of street traders still had blood lev-
els higher than 10 µg/dL.  Blood lead levels in
women of childbearing age is known to be
influenced by nutritional status, and lead
may also be re-mobilized from the bones into
the blood, especially in lactating or pregnant
subjects.  Results from the US show that
despite the remarkably declined levels, high-
er blood lead levels remain associated with a
higher burden of chronic kidney and periph-
eral arterial diseases among the overall pop-
ulation and with hypertension among non-
Hispanic blacks and Mexican Americans
(Pirkle et al (1994)).

It also should be mentioned that the
important positive change in Nigeria's fuel
type notwithstanding, subjects such as
recruited into this study still remain exposed
to considerable pollution from vehicular
traffic. As many studies have shown, Cd, Pb,
As and Zn are associated with automotive
pollution arising from wears and tears in
tires, brake pads, lead weights for wheel bal-
ancing, etc. (e.g. see Root, 2000). 

Recent studies suggest that because
there is no threshold below which the
adverse effects of lead are not experienced,
reducing environmental sources of lead
exposure remains a public health priority.
(Schwartz J.1998) This means that, follow-
ing the example of the United States, other
sources of exposure to lead (eg lead-based
paints, lead recycling in battery, mining and
smelting industry, coal combustion. sol-
dered seams in food cans, ceramic glazes,
cosmetics, herbal medicine, etc ) should be
urgently addressed in Nigeria.

Conclusion
Considerable decline in blood lead lev-

els (BLL) has been measured in Nigerian sub-
jects. A few subjects still have BLL of con-
cern though. There are still other sources of
exposure to lead that needs government's
attention, as the gasoline case.
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Introduction
An understanding of sources of mercury

emissions to the atmosphere and to aquatic
environments is critical for the development
of (cost-)effective strategies for reducing the
negative impacts of this global pollutant.
Because it is a global pollutant, reducing the
environmental and health risks from mercury
requires international action. Mercury is one
of the contaminants addressed under the
Heavy Metals Protocol to the Convention on
Long-range Transboundary Air Pollution that
entered into force in 2003. Mercury has also
been on the agenda of the UNEP Governing
Council since 2002. 

Under the UNEP 'mercury process' an
ad-hoc Open Ended Working Group
(OEWG) was established to review and
assess options for enhanced voluntary meas-
ures and international legal instruments for
mercury.  A key part of the UNEP initiative
has been obtaining best available informa-
tion on mercury atmospheric emissions and
trends, including, where possible, an analy-
sis by country, region and sector; a consider-
ation of factors driving such trends; and an
analysis of applicable regulatory mecha-
nisms. UNEP cooperated with the Arctic
Monitoring and Assessment Programme
(AMAP) working group under the Arctic
Council to develop a mercury emission
assessment. The results of this assessment

(UNEP-Chemicals Branch, 2008) were pre-
sented at the UNEP Governing Council at
their meeting in February 2009. During that
meeting, UNEP agreed a process to develop a
legally-binding global instrument on mercu-
ry to be implemented by 2013. 

This extended abstract describes the
emissions inventory that was prepared by
UNEP and AMAP as a contribution to the
UNEP assessment mentioned above
(UNEP-Chemicals Branch, 2008).  In addi-
tion to the inventory of mercury emissions
to the atmosphere from anthropogenic
sources for the (reference) year of 2005,
emission projections for the year 2020 based
on three emissions scenarios are presented.

Methods
The global inventory of mercury emis-

sions to the atmosphere reported consists of
two main components. The first component
comprised the estimation of 'by-product' mer-
cury releases resulting mainly from combus-
tion of fossil fuels, (primary ferrous and non-
ferrous) metal production, and cement pro-
duction. This component also included quan-
tification of emissions from the chlor-alkali
(caustic soda production) industry and from
large-scale gold production, and from waste
incineration in Europe and the United States.
The work involved the preparation of nation-
al emissions estimates (for the nominal 
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Abstract
This extended abstract presents the 2005 global inventory of anthropogenic emissions

to the atmosphere component of the work that was prepared by UNEP and AMAP as a con-
tribution to the UNEP report Global Atmospheric Mercury Assessment: Sources, Emissions
and Transport (UNEP-Chemicals Branch, 2008). It also presents some initial results of work
to develop (simplified) scenario emissions inventories for 2020. The results was later pub-
lished in Pacyna et al., (2010).
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reference year of 2005) for these main emission
sectors, and the calculation of similar national
estimates for emissions from these sectors in
2020 under certain defined scenarios.

The second component of the work
addressed quantification of emissions from
'intentional use' sectors that had not previ-
ously been included in the global emissions
inventories. Principal among these are emis-
sions from ASGM activities, emissions from
human cremation following use of mercury
in dental amalgam, and emissions from
intentional use of mercury in products,
including resulting waste streams. The latter
category also included emissions from sec-
ondary steel production, which are not gen-
erally included in the metal production sec-
tors covered by the 'by-product' component.
Estimates for (direct atmospheric) emissions
from ASGM activities were taken from the
report of Telmer and Veiga (2008). Releases
from (intentional) mercury use in products
were estimated using a modeling approach
that has been applied in Europe and which,
under this work was adapted for application
at a global scale, and data on regional mercu-
ry consumption and product use of mercury
compiled by the authors. These parts of the
inventory work involved preparation of
emissions estimates for various regions of
the globe. The resulting emissions estimates
were then allocated (mainly on the basis of
population) to individual countries in order
to allow them to be combined with the
national emissions estimates derived in the
first part of the work. Until better informa-
tion is available for these sources at the
national level, this latter process is the best
(only) approach available. 

Two methods were used for the calcula-
tion of global anthropogenic emissions of
mercury from by-product sources for the
(nominal) reference year of 2005:

- the first method involved the collec-
tion and compilation of emissions data from
countries where such data are estimated by
national emissions experts or reported to
international programs and conventions.

- the second method consisted of esti-
mating emissions on the basis of emission
factors and statistical data on the production
of industrial goods and/or the consumption
of raw materials. These estimates were car-
ried out by the authors of this paper.

In general, where data such as national
reports were available, these were compared
with the estimates derived using statistical

data for verification. In the case of discrepan-
cies, efforts were made to find explanations,
allowing the most appropriate to be used in
the global inventory compilation.

Emissions from intentional use of mer-
cury were calculated using distribution fac-
tors for the mercury consumed in the differ-
ent products, and emission factors to air for
releases of mercury from the different paths
that apply for mercury in products. The gen-
eral methodology applied is described in
Kindbom and Munthe (2007).

As a first attempt to gain insight into
the possible implications for global anthro-
pogenic emissions of mercury to the atmos-
phere, of taking (additional) actions vs. not
taking (additional) actions to control emis-
sions, three emissions scenarios were consid-
ered for a target year of 2020:

The 'Status Quo' (SQ) scenario assumes
that current patterns, practices and uses that
result in mercury emissions to air will con-
tinue. Economic activity is assumed to
increase, in various regions; however, emis-
sion control practices remain unchanged
from those currently employed, leading to
increased emissions in several sectors.

The 'Extended Emissions Control'
(EXEC) scenario assumes economic progress
at a rate reflecting the future development of
industrial technologies and emissions con-
trol technologies; that is, mercury-reducing
technologies currently generally employed
throughout Europe and North America
would be implemented elsewhere. It further
assumes that emissions control measures
currently committed to in Europe to reduce
mercury emissions to air or water would be
implemented throughout the world. These
include certain measures adopted under the
LRTAP Convention Heavy Metals Protocol,
EU Directives, and also agreements to meet
IPCC Kyoto targets on reduction of green-
house gases causing climate change (which
will also result in reductions in mercury
emissions). 

The 'Maximum Feasible Technological
Reduction' (MFTR) scenario assumes imple-
mentation of all available solutions/measures,
leading to the maximum degree of reduction of
mercury emissions and mercury discharges to
any environment; cost is taken into account
but only as a secondary consideration.

These scenarios were applied to the
data used to produce the 2005 inventory, to
prepare three 'scenario emission inventories'
for 2020; these inventories were geo-spatially
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distributed in a similar way to that described
above for the 2005 global inventory to pro-
duce scenario datasets for use by modelers.

Results and Discussion
Global atmospheric emissions of mer-

cury from human activities in 2005 were
estimated to be approximately 1930 tonnes.
Burning of fossil fuels (primarily coal) is the
largest single source of emissions from
human sources, accounting for about 45% of
the total anthropogenic emissions. Arti-
sanal/small-scale gold mining was responsi-
ble for about 18%, with industrial gold pro-
duction accounting for an additional 5-6% of
global emissions from human activities.
Other mining and metal production activi-
ties are responsible for about 10% of global
anthropogenic releases to the atmosphere.
Cement production releases a similar
amount. Emissions from waste incineration
and product-use sources are more difficult to
estimate. These emissions could be consid-
erably higher than the generally conservative
estimates of 150 tonnes included in the
1930 tonnes global estimate.

Asian countries contributed about
67% to the global mercury emissions from
anthropogenic sources in 2005, followed by
North America and Europe. This pattern is
similar if by-product emission sectors only
are considered. Russia, with its contribution
of about 4% to global emissions is consid-
ered separately due to its territories in both
Europe and Asia. 

Combustion of fuels to produce elec-
tricity and heat is the largest source of
anthropogenic mercury emissions in

Europe, North America, Asia and Russia,
and responsible for about 40-50% of the
anthropogenic emissions in Oceania and
Africa. However, in South America ASGM is
responsible for the largest proportion of the
emissions (>55%).

If no major changes in the efficiency of
emission control are introduced and eco-
nomic activity continues to increase (the SQ
scenario), significant increases in global
anthropogenic mercury emissions (equiva-
lent to about one quarter of the 2005 mercu-
ry emissions from these sectors) are project-
ed in 2020. The largest increase in emissions
of mercury is projected for stationary com-
bustion, mainly from combustion of coal. A
comparison of the 2020 emissions estimated
from the EXEC scenario and the SQ scenario
indicates that a further 1000 tonnes of mer-
cury could be emitted globally on top of the
projected emission of 850 Asia countries
contributed about 67% to the global mercury
emissions from anthropogenic sources in
2005, followed by North America and
Europe. This pattern is similar if by-product
emission sectors only are considered. Rus-
sia, with its contribution of about 4% to
global emissions is considered separately
due to its territories in both Europe and Asia. 

Combustion of fuels to produce elec-
tricity and heat is the largest source of
anthropogenic mercury emissions in
Europe, North America, Asia and Russia,
and responsible for about 40-50% of the
anthropogenic emissions in Oceania and
Africa. However, in South America ASGM is
responsible for the largest proportion of the
emissions (>55%).

Figure 1. Emissions of mercury to air in 2005 from various anthropogenic sectors in different regions.
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If no major changes in the efficiency of
emission control are introduced and eco-
nomic activity continues to increase (the SQ
scenario), significant increases in global
anthropogenic mercury emissions (equiva-
lent to about one quarter of the 2005 mercu-
ry emissions from these sectors) are project-
ed in 2020. The largest increase in emissions
of mercury is projected for stationary com-
bustion, mainly from combustion of coal. A
comparison of the 2020 emissions estimated
from the EXEC scenario and the SQ scenario
indicates that a further 1000 tonnes of mer-
cury could be emitted globally on top of the
projected emission of 850 tonnes (under the
EXEC scenario) in 2020, if mercury contin-
ues to be emitted under the control meas-
ures and practices that are in operation today
against a background of increasing popula-
tion and economic growth in some regions.
In other words, the implementation of avail-
able measures and practices (the basic
assumption of the EXEC scenario), implies a
benefit of reducing mercury emissions by up
to 1000 tonnes per year in the period to 2020
under the assumptions employed in this sce-
nario discussion. Doing nothing to improve
reduction of mercury emissions is projected
to result in emissions in 2020 that are more
than 100% above those envisaged under the
EXEC scenario. 

Acknowledgements
The authors are grateful for the finan-

cial support for this project work provided by
Norway, Sweden, UNEP Chemicals, and the

Arctic Monitoring and Assessment Pro-
gramme.

The authors would also like to express
their appreciation to Dr. Damian Panasiuk
and Mrs. Anna Glodek of NILU Polska in
Katowice, Poland for their contribution to
the UNEP Chemicals and AMAP project.
Additional details on the work presented in
this paper can be found in the Technical
Background Report to the Global Atmos-
pheric Mercury Assessment (AMAP/UNEP,
2008).References

References 
Kindbom, K. and J. Munthe, 2007.

Product-related emissions of Mercury to Air
in the European Union. IVL, Swedish Envi-
ronmental Research Institute, Report No
B1739.

Pacyna, E.G., Pacyna, J.M., Sundseth,
K., Munthe, J., Kindborn, K., Wilson, S.,
Steenhuisen, F. and Maxson, P. 2010 Global
emission of mercury to the atmosphere from
anthropogenic sources in 2005 and projec-
tions to 2020. Atmos. Environ., 44, 2487-
2499.

Telmer, K. and M. Veiga, 2008. World
emissions of mercury from artisanal and
small scale gold mining. Chapter 6. In: Inter-
im Report of the UNEP Global Partnership
on Atmospheric Mercury Transport and Fate
Research. Pirrone, N. and R. Mason (eds.),

UNEP Chemicals Branch, 2008. The
Global Atmospheric Mercury Assessment:
Sources, Emissions and Transport. UNEP-
Chemicals, Geneva. 42 pp. 

Figure 2. Estimated emissions of mercury to air from by- product sectors for different scenarios.



91915th ICHMET

SOURCES, EMISSIONS AND CONTROL OF HEAVY METALS

Introduction
Recent studies on global mercury emis-

sions were aimed primarily to assess the
contributions from anthropogenic sources
(Nriagu and Pacyna, 1988; Pirrone et al.,
1996; Pacyna et al., 2003, 2006), particular-
ly from coal, oil and wood combustion as
well as from solid waste incineration and
pyrometallurgical processes. Other studies
have estimated emissions from volcanoes
(Nriagu and Becker, 2003; Pyle and Mather,
2003; Ferrara et al., 2000), artisanal small
scale gold mining (Lacerda, 1995; Veiga et
al., 2006), re-emission from oceans and sur-
face waters (Mason and Sheu, 2002), top soil
and vegetation (Gustin et al., 2000) and for-
est fires (Friedli et al., 2003; Cinnirella and
Pirrone, 2006; Ebinghaus et al., 2007; Wied-

inmyer and Friedli, 2007). Whereas more
recently, assessments of mercury emissions
to the global atmosphere have included the
contribution of the most important anthro-
pogenic and natural sources (AMAP/UNEP,
2008; Pirrone et al., 2009; Pacyna et al.,
2010). A very new estimate has included
new sources never considered (e.g. vinyl
chloride monomer production, coal-bed
fires); ii), updated with new methodologies
others (e.g. biomass burning, cement pro-
duction), and considered some regional esti-
mates particularly with reference to coal
combustion (i.e China, India) (Pirrone et al.,
2010).

This work after a brief synthesis of
global mercury emissions from natural and
anthropogenic sources, will address few 
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Abstract
Our recent findings show that mercury emissions from natural sources and re-emis-

sion from aquatic and terrestrial surfaces are significantly higher than the mercury emis-
sions from anthropogenic sources. 

On an annual basis, natural sources account for 5207 Mg of mercury released to the
global atmosphere, including the contribution from re-emission processes, which are emis-
sions of previously deposited mercury originating from anthropogenic and natural sources,
and primary emissions from natural reservoirs. Anthropogenic sources, which include a
large number of industrial point sources, are estimated to account for 2320 Mg of mercury
emitted annually. Therefore, our current estimate of global mercury emissions suggests that
within the overall contribution (7527 Mg ), as much as two thirds of the total emissions orig-
inate from natural sources and re-emission fields.

This may have clear repercussions on the necessity of investing a lot of money and
reduce emissions from coal combustion and from other anthropogenic sources as we do not
have any idea to handle mercury emission from natural sources, which are two times high-
er than that generated by various human activities.

Key words: Heavy metals, atmospheric pollution, point sources
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Introduction
Recent studies on global mercury emis-

sions were aimed primarily to assess the
contributions from anthropogenic sources
(Nriagu and Pacyna, 1988; Pirrone et al.,
1996; Pacyna et al., 2003, 2006), particular-
ly from coal, oil and wood combustion as
well as from solid waste incineration and
pyrometallurgical processes. Other studies
have estimated emissions from volcanoes
(Nriagu and Becker, 2003; Pyle and Mather,
2003; Ferrara et al., 2000), artisanal small
scale gold mining (Lacerda, 1995; Veiga et
al., 2006), re-emission from oceans and sur-
face waters (Mason and Sheu, 2002), top soil
and vegetation (Gustin et al., 2000) and for-
est fires (Friedli et al., 2003; Cinnirella and
Pirrone, 2006; Ebinghaus et al., 2007; Wied-

inmyer and Friedli, 2007). Whereas more
recently, assessments of mercury emissions
to the global atmosphere have included the
contribution of the most important anthro-
pogenic and natural sources (AMAP/UNEP,
2008; Pirrone et al., 2009; Pacyna et al.,
2010). A very new estimate has included
new sources never considered (e.g. vinyl
chloride monomer production, coal-bed
fires); ii), updated with new methodologies
others (e.g. biomass burning, cement pro-
duction), and considered some regional esti-
mates particularly with reference to coal
combustion (i.e China, India) (Pirrone et al.,
2010).

This work after a brief synthesis of
global mercury emissions from natural and
anthropogenic sources, will address few 
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Abstract
Our recent findings show that mercury emissions from natural sources and re-emis-

sion from aquatic and terrestrial surfaces are significantly higher than the mercury emis-
sions from anthropogenic sources. 

On an annual basis, natural sources account for 5207 Mg of mercury released to the
global atmosphere, including the contribution from re-emission processes, which are emis-
sions of previously deposited mercury originating from anthropogenic and natural sources,
and primary emissions from natural reservoirs. Anthropogenic sources, which include a
large number of industrial point sources, are estimated to account for 2320 Mg of mercury
emitted annually. Therefore, our current estimate of global mercury emissions suggests that
within the overall contribution (7527 Mg ), as much as two thirds of the total emissions orig-
inate from natural sources and re-emission fields.

This may have clear repercussions on the necessity of investing a lot of money and
reduce emissions from coal combustion and from other anthropogenic sources as we do not
have any idea to handle mercury emission from natural sources, which are two times high-
er than that generated by various human activities.

Key words: Heavy metals, atmospheric pollution, point sources
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point aiming to show how these new esti-
mates claim a rethought on global invest-
ment to reduce mercury emissions from
anthropogenic source.

Mercury emissions from natural
sources

The estimate of mercury emissions
from natural sources include the contribu-
tion from primary natural sources and ree-
mission processes of historically deposited
mercury over land and sea surfaces. The cur-
rent estimate of mercury emissions from
natural processes (primary mercury emis-
sions + re-emissions), including mercury
depletion events, is estimated to be 5207 Mg
yr-1, which represent nearly 70% of the glob-
al mercury emission budget. Oceans are the
most important sources (36% on Global
Emission basis, GEb) followed by biomass
burning (9% GEb), deserts, metalliferous
and non-vegetated zones (7% GEb), tundra
and grassland (6% GEb), forests (5% GEb)
and evasion after mercury depletion events
(3% GEb) (Table 1). Overall, the relative con-
tribution of terrestrial surfaces is 2429 Mg
yr-1 and that from surface waters is 2778 Mg
yr-1. On an area basis, emissions from land
(surface 1.46*108 km2) are higher than
those from the ocean (surface 3.49*108
km2). Biomass burning represents 28% of
emissions from land, whereas desert and
nonvegetated zones represent 23% of the
total, followed by tundra and grassland with
18% and forest with 14% of the total emis-
sion from land. Primary natural sources
account for about 4% of current terrestrial
outputs.

Mercury emissions from anthro-
pogenic sources

Mercury is released to the atmosphere
from a large number of man-made sources,
which include fossil-fuel fired power plants,
ferrous and non-ferrous metals manufactur-
ing facilities, caustic soda production plants,
ore processing facilities, incinerators for
urban, medical and industrial wastes,
cement plants and chemicals production
facilities. Pirrone et al. (2010) suggest that
summing up the contributions from anthro-
pogenic sources, nearly 2320 Mg of mercury
is released annually to the global atmosphere
(31% GEb) (Table 2). The assessment shows
that the majority of mercury emissions orig-
inate from combustion of fossil fuels (11%
GEb), followed by artisanal small scale gold

mining (5% GEb), non-ferrous metal pro-
duction (4% GEb), cement production (3%
GEb), caustic soda production (2% GEb),
waste incineration (2% GEb) and pig-iron
production (1% GEb).

Table 2. Global mercury emissions from
anthropogenic sources.

Table 1. Global mercury emissions by natu-
ral sources estimated for 2008.
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Has Been Global Investment on
Abatement Technologies Adequate?

The emission of mercury to the atmos-
phere driven by natural processes represents
an important part of the global atmospheric
mercury budget and is a dominant part of the
global mercury cycle. However, while there
is an on-going and continued effort to quan-
tify these fluxes, the magnitude of their
extent, including both primary and second-
ary (recycled) sources, is still poorly con-
strained.

In addition, the uncertainty of anthro-
pogenic emission estimates is mostly related
to rapid economic development in emerging
economies, particularly in South and South-
East Asia in which the impact of fossil fuel
use in energy production is twofold. Firstly
because fossil fuel power plants are the sin-
gle most important anthropogenic emission
source of mercury to the atmosphere, sec-
ondly because the other pollutants emitted
as a result of fossil fuel combustion such as
NOx and SO2 play an important role in the
atmospheric chemistry of mercury and influ-
ence its local deposition patterns. A specific
concern is for regions that are inadequately
described in terms of point sources (Africa,
South America) or exhibit unusually large
uncertainties (Asia).

Investments to improve and imple-
ment Best Available Technologies (BATs) (or
processes) to reduce mercury releases to the
atmosphere have been successful in most
developed countries (UNEP, 2009). Reduc-
tion of mercury consumption and substitu-
tion or elimination of products, processes
and practices containing or using mercury
are preventive measures, whereas control
measures lie on controlling mercury releases
through end-of-pipe techniques and mercury
waste management.

Estimates of the cost effectiveness of
various mercury emission reduction strate-
gies vary widely and depend on the control
technology employed (Table 3).

As several technologies have been yet
adopted in industrialized countries, it is
clear the substantial effort dedicated to mer-
cury pollution abatement. Reduction of mer-
cury emissions to the atmosphere has been
effective in most developed countries (data
shown in Pirrone et al., 2010).

References
AMAP/UNEP: Technical Background

Report to the Global Atmospheric Mercury
Assessment, Tech. rep., Arctic Monitoring and

Assessment Programme / UNEP Chemicals
Branch, 2008.

Cinnirella, S. and Pirrone, N.: Spatial and
temporal distributions of mercury emissions
from forest fires in Mediterranean region and
Russian federation, Atmospheric Environ-
ment, 40, 7346 - 7361, 2006.

Ebinghaus, R., Slemr, F., Brenninkmeijer,
C. A. M., van Velthoven, P., Zahn, A., Her-
mann, M., O'Sullivan, D. A., and Oram, D. E.:
Emissions of gaseous mercury from biomass
burning in South America in 2005 observed
during CARIBIC flights, Geophysical Research
Letters, 34, L08 813, 2007.

Ferrara, R., Mazzolai, B., Lanzillotta, E.,
Nucaro, E., and Pirrone, N.: Volcanoes as emis-
sion sources of atmospheric mercury in the
Mediterranean basin, The Science of the Total
Environment, 259, 115-121, 2000.

Friedli, H. R., Radke, L. F., Lu, J. Y., Banic,
C. M., Leaitch, W. R., and MacPherson, J. I.:
Mercury emissions from burning of biomass
from temperate North American forests: labo-
ratory and airborne measurements, Atmos-
pheric Environment, 37, 253 - 267, 2003.

Gustin, M. S., Lindberg, S. E., Austin, K.,
Coolbaugh, M., Vette, A., and Zhang, H.:
Assessing the contribution of natural sources to
regional atmospheric mercury budgets, The
Science of The Total Environment, 259, 61 -
71, 2000.

Lacerda, L.: Amazon mercury emissions,
Nature, 374, 20-21., 1995.

Mason, R. P. and Sheu, G.-R.: Role of the
ocean in the global mercury cycle, Global Bio-
geochemical Cycles, 16, 1093, 2002.

Nriagu, J. and Becker, C.: Volcanic emis-
sions of mercury to the atmosphere: global and
regional inventories, The Science of The Total
Environment, 304, 3 - 12, 2003.

Nriagu, J. and Pacyna, J.: Quantitative
assessment of worldwide contamination of air,
water and soils by trace metals, Nature, 333,
134-139., 1988.

Pacyna, E., Pacyna, J., Sundseth, K., Mun-
the, J., Kindbom, K., Wilson, S., Steenhuisen,
F., and Maxson, P.: Global emission of mercury
to the atmosphere from anthropogenic sources
in 2005 and projections to 2020, Atmospheric
Environment, 4, 2487-2499, 2010.

Pacyna, E. G., Pacyna, J. M., Steenhuisen,
F., and Wilson, S.: Global anthropogenic mer-
cury emission inventory for 2000, Atmospheric
Environment, 40, 4048-4063, 2006.

Pacyna, J. M., Pacyna, E. G., Steen-
huisen, F., and Wilson, S.: Mapping 1995
global anthropogenic emissions of mercury,
Atmospheric Environment, 37, 109 -117, 



922 15th ICHMET

SOURCES, EMISSIONS AND CONTROL OF HEAVY METALS

Table 3. Rough cost-effectiveness of mercury control measures (based on Pirrone et al., 2001)



92315th ICHMET

SOURCES, EMISSIONS AND CONTROL OF HEAVY METALS

dynamic processes of mercury and other
trace contaminants in the marine boundary
layer of european seas - ELOISE II, 2003.

Pirrone, N., Keeler, G. J., and Nriagu, J.
O.: Regional differences in worldwide emis-
sions of mercury to the atmosphere, Atmos-
pheric Environment, 30, 2981-2987, 1996.

Pirrone, N., Munthe, J., Barregard, L.,
Ehrlich, H., Petersen, G., Fernandez, R.,
Hansen, J., Grandjean, P., Horvat, M.,
Steinnes, E., Ahrens, R., Pacyna, J.,
Borowiak, A., Boffetta, P., and Wichmann-
Fiebig, M.: Ambient Air Pollution by Mer-
cury (Hg) - Position Paper, Tech. rep., Euro-
pean Commision, Bruxelles,
europa.eu.int/comm/environment/air/back-
ground.htm#mercury, 2001.

Pirrone, N., Cinnirella, S., Feng, X.,
Finkelman, R. B., Friedli, H. R., Leaner, J.,
Mason, R., Mukherjee, A. B., Stracher, G.,
Streets, D. G., and Telmer, K.: Global Mer-
cury Emissions to the Atmosphere from
Natural and Anthropogenic Sources, chap.
1, pp. 3-49, Springer, New York, 2009.

Pirrone, N., Cinnirella, S., Feng, X.,
Finkelman, R. B., Friedli, H. R., Leaner, J.,
Mason, R., Mukherjee, A. B., Stracher, G.,
Streets, D. G., and Telmer, K.: Global Mer-
cury Emissions to the Atmosphere from
Natural and Anthropogenic Sources, Atmos-
pheric Chemistry and Physics, 10, 5951-
5964, 2010.

Pyle, D. M. and Mather, T. A.: The
importance of volcanic emissions for the
global atmospheric mercury cycle, Atmos-
pheric Environment, 37, 5115 - 5124, 2003.

Veiga, M. M., Maxson, P. A., and
Hylander, L. D.: Origin and consumption of
mercury in small-scale gold mining, Journal
of Cleaner Production, 14, 436 - 447,
improving Environmental, Economic and
Ethical Performance in the Mining Industry.
Part 1. Environmental Management and
Sustainable Development, 2006.

Wiedinmyer, C. and Friedli, H.: Mer-
cury Emission Estimates from Fires: An Ini-
tial Inventory for the United States, Environ-
mental Science & Technology, 41, 8092-
8098, 2007.



924 15th ICHMET

SOURCES, EMISSIONS AND CONTROL OF HEAVY METALS

Introduction
High-temperature emissions from per-

sistently degassing volcanoes are a known
source of trace metal emissions to the
atmosphere (Aiuppa et al., 2003; Hinkley et
al., 1999; Mather et al., 2003). These metal
emissions may have important environmen-
tal consequences, with evidence for water,
soils, rock coatings and vegetation showing
elevated metal concentrations near volca-
noes (e.g. Allard et al., 2000; Watt et al.,
2007). However, volcanogenic trace volatile
metal fluxes are poorly constrained and
there is an almost complete absence of data
on the factors (whether magma composi-
tion, eruptive temperature, or volcanic gas
composition) that influence metal degassing
rates at different volcanoes.

Mercury is of particular interest since it
is a toxic volatile metal found at elevated
concentrations in remote regions of the
world (Fitzgerald et al., 1998). In the atmos-
phere, mercury is mainly found as the rela-
tively inert form of gaseous elemental mer-

cury (GEM) which has a long atmospheric
lifetime estimated as 0.5-2 years (Lindberg et
al., 2007). While anthropogenic sources of
atmospheric mercury remain significant
(Hylander and Meili, 2003), it is also clear
that volcanic and geothermal areas may be
important natural sources of mercury, since
Hg concentrations in volcanic gases are sig-
nificantly enhanced above background levels
(e.g. Bagnato et al., 2007; Varekamp and
Buseck, 1981).  However, global volcanic Hg
fluxes remain poorly constrained, and there
is a need for continuing work to characterise
both low-temperature (fumarolic) and high-
temperature volcanic emissions (e.g. Pyle
and Mather, 2003).

Materials and Methods
Measurements were made at the crater

edge of a number of quiescently degassing vol-
canoes. Masaya volcano, Nicaragua, is a
basaltic shield volcano characterised by
extended degassing episodes from the main pit
crater. Mt. Etna, Italy, a large stratovolcano 
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Abstract
There is much uncertainty regarding the magnitude of natural fluxes of mercury to the

atmosphere. Many natural Hg pathways include a recycled component of anthropogenic
material. Volcanoes are a primary emission source and historical archives such as ice-cores
suggest large eruptions can release quantities of Hg similar to the present anthropogenic
burden. In order to better understand the role of volcanoes in the global mercury budget a
number of field campaigns were carried out to evaluate the Hg/S ratios in volcanic gases.
Emissions from open vents, fumaroles, hot springs, bubbling mud pools and altered ground
were investigated and concentrations of Hg elevated above background levels were observed
on most occasions. Real-time measurements of gaseous elemental mercury (GEM), SO2,
H2S, and CO2 were carried out in parallel with the collection of GEM on gold coated sand
traps, particulate Hg (Hg(p)) on quartz mini-traps, reactive gaseous Hg (RGM) on glass
denuders and sulphur on filter packs.

As observed in studies of background air Hg, most of the GEM was the dominant form
in the volcanic gases at the crater edge.  While RGM and Hg(p) represent only a few % of the
Hg present, concentrations of these species in volcanic air was several orders of magnitude
higher than levels observed in background and industrial air studies. Hg/S ratios were deter-
mined and used in conjunction with the SO2 volcanic flux to estimate Hg fluxes. Hg/S ratios
in open vent emissions at Masaya and Etna were between 10-6 and 10-5. If representative of
other volcanoes, these results suggest degassing of basaltic magma plays an important part
of the global atmospheric Hg budget. With these new measurements, we shall critically
revisit the status of the global volcanic mercury emissions budget, and its uncertainties. 

Keywords: Natural, fluxes, global, speciation, mercury, emissions
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in eastern Sicily. Etna's present-day activity
consists of persistent passive degassing at
the summit craters and from the upper
flanks as diffuse soil emanations (Allard et
al., 1991), occasionally interrupted by lava
emissions associated with paroxysmal ter-
minal to lateral eruptions (Bonaccorso et al.,
2004).   The Tatun volcanic group in north-
ern Taiwan, includes more than 20 Quater-
nary volcanic centres, predominantly of calc-
alkaline andesites (e.g. Chen and Wu, 1971).
The Tatun volcanoes are generally consid-
ered to be dormant, at the present day, hot
springs and gas fumaroles are found
throughout the volcanic field.  La Fossa
crater on Vulcano Island (Southern Italy), a
well-characterised quiescent volcano in Sol-
fatara stage of activity since its last eruption
in 1888-90 (Frazzetta et al., 1983).

Real Time measurements
Concentrations of SO2 and CO2 were

monitored using a MULTI-gas sensor sys-
tem, details are in Witt et al., (2008a). Sen-
sors were calibrated, before and after field-
work, with calibration gases mixed with
ultra pure nitrogen to provide a range of con-
centrations. 

Gaseous Elemental Mercury (GEM)
Continuous mercury measurements

were made using a Lumex 915+ portable
mercury vapor analyzer (Sholupov and
Ganeyev, 1995). The sampler was placed at
least 1 m above the ground, to reduce poten-
tial interferences from resuspended dust.  A
zero correction was carried out to reset the
baseline every 5 minutes by. 

Time Integrated Hg Measurements
Gold coated sand traps were employed

to collect TGM. Air was drawn through the
gold trap at a rate of 0.4-0.5 L min-1 for sam-
pling periods of 1 - 2 hours, depending on the
strength of the plume. In order to measure
the corresponding SO2 concentration in the
gas sampled, a filter pack containing a filter
impregnated with 1 M NaHCO3 (Aiuppa et
al., 2004) was used in series with the gold
traps. Gaseous mercury analysis was carried
out at Palermo University using cold-vapour
atomic fluorescence spectrometry (CVAFS,
Tekran 2600). Based on the calibration of the
method, uncertainty is estimated as 25 %.

Reactive Gaseous Mercury (RGM) was
collected using an annular denuder treated
with KCl as described in (Landis et al., 2002).
A quartz pre-filter was used to prevent partic-
ulates entering the denuder. A filter pack con-
taining 4 filters, treated with 1 M NaHCO3 to

determine the corresponding SO2 concentra-
tion in the gas sampled was placed after the
denuder. RGM was determined by rapidly
heating the denuder to 500°C three times to
desorb mercury species and enable detection
as GEM with CVAFS. The overall mean error
of this method is <15 %. 

Particulate Hg was collected with AES
Minitraps (Lu et al., 1998) as described in
Witt et al., (2008). The traps were pyrolysed
for analysis of Hg with the Tekran instrument
as described for the GEM analysis.  The preci-
sion of this method is hindered by the pres-
ence of SO2 and uncertainty is estimated as ±
30 % (Bagnato et al., 2007).

Fluxes of SO2
Sulphur dioxide flux measurements

were made using a UV spectrometer. The
methodology used, and a detailed error analy-
sis, is presented elsewhere (Mather et al.,
2006). Wind speeds were determined from
HYSPLIT model trajectories (Draxler and
Rolph, 2003).

Results 
The Hg and S data measured in vol-

canic gases are summarised in Table 1.  Con-
centrations of Hg were elevated above levels
typical for rural (1-2 ng m-3) and industrial
locations (5-40 ng m-3) at all of the volcanic
sites investigated (Table 1) (Witt et al.2010).
Concentrations of gaseous plume species at
crater rims depend on both volcanic (gas
flux) and non-volcanic factors (extent of mix-
ing and dilution in the vent; wind speed and
direction), hence comparing the concentra-
tions of species between different volcanoes
is not necessarily meaningful and it is more
useful to compare ratios of various species.

The Hg/SO2 ratios at both open vents
and fumaroles studied were 10-5 - 10-6. The
fluxes estimated from the open vents at
Masaya and Etna volcanoes are several
tonnes per year. For Mt Etna this represents
approximately 5 % of the industrial emis-
sions in the Mediterranean area. The meas-
urements of gas emissions from the
fumaroles suggest a much smaller flux of Hg
is released. The flux from fumaroles at
Masaya is estimated from the molar
Hg/CO2 ratio of ~10-9 (Witt et al., 2008a)
and the diffuse CO2 soil flux of ~20 Mg/day
(Lewicki et al., 2003). The Hg flux from
Tatun was also calculated based on the
Hg/CO2 ratio (Witt et al., 2008b) and a CO2
soil flux of 60-600 Mg/day (Lan et al., 2007).  
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Measurements of Hg speciation at the
crater edge show that over 90 % of the Hg
was present in its elemental form.  The par-
ticulate and reactive gaseous fraction com-
prised 1-5 % and ~1 % respectively of the
total Hg. While these are only small frac-
tions of the total Hg, given the large quanti-
ties there can be concentrations of RGM and
Hg(p) at the crater edge which are several
orders of magnitude larger than those
observed in industrial or urban atmospheres.
Given the shorter atmospheric lifetime of
these species compared to GEM it is likely
that volcanic emissions will result in
enhanced Hg deposition rates in the local
area.

Discussion
The measurements of Hg speciation at

the crater edge showed the majority of Hg
was present as GEM, suggest that there is lit-
tle atmospheric processing in the few min-
utes between gas emission and sampling.
Chemical and thermodynamic modelling of
volcanic plumes suggest that the large
amount of halogens present in volcanic gases
would be favourable for enhance formation
of RGM (Bagnato et al., 2007; von Glasgow,
2010).  Modelling suggests that close to the
crater edge high levels of SO2 prevent the
formation of stable RGM species, but further
from the crater dilution of SO2 would enable
build up of RGM (von Glasgow, 2010).

Table 1. Hg concentration, Hg/SO2 ratio and Hg flux measured in volcanic gases. 

1Witt et al., 2008a; 2Bagnato et al., 2007; 3Witt et al., 2008b; 4Aiuppa et al., 2007;
5Engle et al., 2006.

Table 2. Crater edge speciation measurements

1Bagnato et al., 2007 ; 2Witt et al., 2008a
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Previous estimates of the global non-
explosive volcanic Hg flux have used Hg/SO2
ratios between 10-7 and 10-5 (Ferrara et al.,
2000; Nriagu and Becker, 2003; Nriagu,
1989; Varekamp and Buseck, 1986). The
Hg/SO2 ratios presented here are between
10-6 and 10-5, and if representative of simi-
lar volcanoes, suggests that volcanic mercu-
ry emissions from the degassing of basaltic
magma is an important component of the
global atmospheric Hg budget. Given a time-
averaged SO2 flux from high-temperature
volcanism of ca. 3.7 Tg (SO2) yr-1 (Andres
and Kasgnoc, 1998; Pyle and Mather, 2003),
then the corresponding global volcanic Hg
flux, from degassing basaltic volcanoes,
could be of the order of 40-400 Mg yr-1.
While this value is smaller in magnitude
than estimated fluxes from other natural
sources such as evasion from ocean and ter-
restrial surfaces (Mason, 2009), it should be
considered that those emissions also include
a recycled component of anthropogenic ori-
gin whereas volcanoes are a primary source
of Hg to the atmosphere. In addition, natural
archives such as ice-cores and peat bogs sug-
gest that large explosive eruptions can
release enough Hg to overwhelm the entire
global Hg burden (Roos-Barraclough et al.,
2002, Schuster, P.F. et al., 2002).
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Introduction
Among European countries Poland has

fourth place, after Russia, Ukraine and Ger-
many, in mercury emission to atmosphere in
2005. This position results from Polish
heavy metals emission inventory prepared by
the Institute of Environmental Protection.

Mercury emission to air in 2005 was
estimated by Glodek et al. (2010) on level
21.2 Mg Hg based on initial inventory for by-
product sources and estimation for the use of
mercury-containing products.

Methods
For national project MERCPOL (Cost-

benefit analysis of mercury emission reduc-
tion in Poland for human health) authors
estimated national mercury emission to air,
soil and water for base year 2008 (Panasiuk et
al., 2009). 

By-product emission is emission gener-
ated during the production of industrial
goods, where mercury is a component of fos-
sil fuels and raw materials. New set of official
national inventories for years 2005-2008 pre-
sented annual emission to air from electricity

and heat production, manufacturing industry
and combustion in residential plants on level
16 Mg Hg. The biggest national problem is
emission from electricity and heat generation
- average 9.1 Mg annually in period 2005-
2007 according to IOŚ (2009). Emission from
remaining industrial sectors is equal 5.3 Mg.
Emission from non-industrial combustion
processes (commercial, institutional and res-
idential installations) is estimated on level
1.3 Mg.

This inventory should be verified down.
Mercury emission factors used currently for
energy sector come from the year 2001 and
indicate higher values for hard coal than for
lignite. However new research show smaller
mercury content in Polish hard coal than in
lignite from mines in Poland. Researches
conducted by Bojakowska and Sokołowska
(2001) indicated mercury concentration for
hard coals in the range of 50-150 ppb (with
average 85 ppb) and for lignite 120-370 ppb
(with average 322 ppb). Similar results were
obtained by Wojnar and Wisz (2006) and
Konieczyński and Zajusz-Zubek (2007).

Mercury Emission to Air, Water and Soil in Poland

D. Panasiuk1, A. Głodek2

1NILU Polska Sp. z o.o. (daughter company of Norwegian Institute for Air Research),
Ceglana 4, 40-514 Katowice, POLAND, dp@nilu.pl
2NILU Polska Sp. z o.o., Ceglana 4, 40-514 Katowice, POLAND, ag@nilu.pl

Abstract
Among European countries Poland has fourth place in mercury emission to atmos-

phere in 2005. Mercury emission to air in this year was estimated on level 21.2 Mg Hg based
on initial inventory for by-product sources and estimation for the use of mercury-containing
products. For national project MERCPOL (Cost-benefit analysis of mercury emission reduc-
tion in Poland for human health) authors estimated national mercury emission to air, soil
and water for base year 2008. New set of official national inventories for years 2005-2008
presented annual emission to air from electricity and heat production, manufacturing
industry and combustion in residential plants on level 16 Mg Hg. This quantity should be
verified down. New research show smaller mercury content in Polish hard coal than in lig-
nite from mines in Poland. Emission from mercury-containing products to air was estimat-
ed by authors based on model for distribution and emissions for batteries, light sources,
other electrical and electronic equipment and also for measuring and control equipment.
Emission to air from dental practice was estimated for combustion of wastes containing
dental amalgam and from bodies cremation. Total anthropogenic annual mercury emission
to air in Poland is equal 17.7 Mg Hg based on official inventories for by-product emissions.
Load of mercury discharges to water and soil was estimated by authors for large and medi-
um industrial facilities, municipal waste-water treatment plants in large agglomerations
and also for potential release from municipal landfills and dental amalgam in buried bodies.
Total anthropogenic mercury emission in Poland to the environment was evaluated on level
25.7 Mg Hg per year.

Key words: mercury, emission, inventory, air, water, soil
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Mercury emission from the use of mer-
cury-containing products results from inten-
tional use of mercury for production of varius
consumer products and then their use. This
emission was estimated by authors based on
model for distribution and emissions (Kind-
bom and Munthe, 2007) for batteries, light
sources, other electrical and electronic equip-
ment and also for measuring and control
equipment. The use of mercury for produc-
tion of mercury-containing products
launched to Polish market (9.4 Mg Hg) was
estimated on the basis of data for EU-25 pre-
sented by Maxson (2006). Calculation of
emission was assumed to be distributed for
the following "compartments" from which
emission to air occurs: release by breaking,
incineration, landfill and steel scrap. The
mercury distribution into the different com-
partments was calculated using distribution
factors. These factors were based on collec-
tion levels of waste streams for each group of
products and percent of incinerated munici-
pal wastes. For analyzed groups of products,
mercury emission to air was estimated as
"initial emission" occurring in the same year
as the consumption and as "later emission"
resulting from remaining mercury releases
for the consecutive years.

The use of mercury in dental amalgam
has the significant share in the national con-
sumption of mercury. Emission to air from
dental practice was estimated for combustion
of wastes containing dental amalgam and
from bodies cremation. Amount of mercury
launched to Polish market of dental materi-
als (10 Mg) was estimated on the basis of
Maxson (2007) data and according to esti-
mates of the Polish Ministry of Health. It can
be assumed that 2.2 Mg Hg is accumulated in
society as new dental fillings and 7.8 Mg Hg
is passed to solid waste and sewarage system.
From this amount, excess of prepared mix-
ture (2 Mg Hg) is recollected as hazardous
waste. It was assumed, that remaining
amount of mercury from waste of old amal-
gam is half collected and treated as hazardous
waste and half incinerated with infectious
wastes. 

Mercury emission to air from bodies
cremation was calculated for the year 2006,
when 5% of corpse were cremated in Poland.
It was assumed that mercury emission to the
air from cremation processes is equal 80% of
the amount of mercury contain in corpse and
remaining amount of mercury is deposited in
soil.

For estimation total mercury emission
to the environment data on loads of mercury
discharges to water from European Pollutant
Release and Transfer Register (E-PRTR) were
used. These data cover large and medium
industrial facilities and municipal waste-
water treatment plants in large agglomera-
tions.

Mercury discharges to water and soil
were estimated by authors for potential
release from municipal landfills. The
amount of mercury disposed in landfills as a
result of the use of mercury-containing prod-
ucts launched to market within one year was
taken into account. 

The amount of mercury discharges to
water and soil from dental amalgam in buried
bodies was calculated on the basis of data
from the year 2006 concerning the amount of
burials in Poland, assume that 20% of Hg is
reaching groundwater and the rest is remain-
ing in the soil.

Results 
For the years 2005-2007 the average

mercury emission from industrial processes
and fuel combustion in residential sector
according to inventory of IOŚ (2009) amount
to 15.75 Mg (without emission from inciner-
ation of municipal wastes taken into consid-
eration in mercury emission form for the use
of mercury-containing products).

For emission from the use of mercury-
containing products it was estimated that
mercury emission to the air from one year's
mercury consumed in products in 2008 is
equal 0.32 Mg Hg and as 0.46 Mg Hg emitted
to air within ten years of the mercury con-
sumed. Consecutive 2.90 Mg Hg contained
in products is re-collected and stored safely.
Remaining 6.04 Mg Hg is landfilled or still
accumulated in products used 10 years after
production.

For mercury emission from dental prac-
tice it was assumed that 2.9 Mg Hg from
waste of old amalgam is collected and treated
with hazardous waste. Consecutive 2.9 Mg
Hg is incinerated with infectious wastes,
which causes releases to the air 1.45 Mg Hg.
Annual mercury emission for dental fillings
from bodies cremation equal 0.04 Mg.

Total anthropogenic annual mercury
emission to air from industry, products and
dental practice in Poland is equal 17.7 Mg Hg
based on official inventories for by-product
emissions.
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In 2007, mercury emission from Pol-
ish large and medium industrial facilities
and municipal waste-water treatment
plants was 1.67 Mg Hg according to E-
PRTR data. Mercury emission from dispos-
al of non-hazardous waste was reported as
0.23 Mg Hg. Mercury discharges to water
from small industrial facilities, hospitals,
dental practice and population was present-
ed as 1.07 Mg of mercury emission from
municipal waste-water treatment plants in
large agglomerations above 100 000 resi-
dents.

Authors estimated the potential dis-
charges of mercury from municipal land-
fills as 4.84 Mg Hg from waste stream of
mercury-containing products sold yearly
and passed to municipal landfills.
Leachates from municipal lanfills are
transferred to municipal waste-water treat-
ment plants, which cannot be adapted to
heavy metals removal. The problem also is
the appropriate use and incineration of
mercury-containing sewage sludges. Con-
secutive 0.16 Mg Hg can be discharged to
ground water from dental amalgam from
buried bodies.

Total anthropogenic mercury emission
in Poland to the environment was evaluated
on level 25.7 Mg Hg per year.

Conclusion
The paper reviews results of calculations

of national mercury emission to air, water and
soil in Poland for the base year 2008, which
were evaluated on level 25.7 Mg Hg.

Total mercury emission to air is equal
17.7 Mg Hg for the base year, with the
biggest share of emission from by-product
sources, see figure 1. Conducted analysis of
national mercury emission inventory shows
the necessity of verification of emission fac-
tors. When taking smaller factor values for
hard coal, reported emission for electric
power generation should be equal ca. 4 Mg
Hg than 8 Mg Hg per year.

Significant share in national mercury
emission to air was estimated from dental
practice. This share for the base year was
equal 1.49 Mg Hg. Remaining share of mer-
cury emission to air was estimated for the
use of mercury-containing products on level
0.46 Mg Hg within 10 years.

Total anthropogenic mercury emission
to water and soil in Poland for the base year
2008 was estimated on level 7.97 Mg Hg,
which is divided on mercury emission from
large and medium industrial facilities,
municipal waste-water plants and also
potential releases from municipal landfills
and dental fillings.

Figure 1. Total annual mercury emission to air, water and soil in Poland for base year.
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Introduction
Northwestern Patagonia (Argentina) has

numerous deep oligotrophic lakes of glacial
origin and a diversity of shallower lakes and
ponds. The lake district overall is included in
several National Parks under strict rules of
protection and management. Although the
region lacks relevant point sources of Hg from
mining or industrial activities, surprisingly
high Hg levels have been identified in biotic
and abiotic components of lacustrine environ-
ments. In a historical perspective, the analysis
of sediment sequences collected from several
Andean lakes has showed high Hg concentra-
tions in time periods included in the past mil-
lennium and also an increasing pattern of Hg
in the second half of the 20th century. This
evidence collectively suggests the impact of
human activities through global transport and
atmospheric deposition. However, it is likely
that natural sources such as the intense vol-
canic activity in the west of the Andes and the
usual extended fires in the Andean forests may
contribute substantially to the incoming pool

of Hg entering to aquatic ecosystems as well
(Ribeiro Guevara et al., 2010). Recently, sever-
al studies focused on the dynamics of Hg in
Andean lakes have revealed high Hg levels in
different trophic compartments including
native and introduced fish species and pelagic
biota (Arribere et al., 2008, 2010, in press).
The available evidence indicates that in deep
Andean lakes Hg is largely allocated in the
plankton fraction between 10-53 µm mostly
made up by the dinoflagellate Gymnodinium.
In contrast, much lower Hg burdens have been
detected in larger planktonic size fractions,
comprising rotifers, ciliates and crustaceans
(Arribére et al. in press). This pattern clearly
points out at the base of the food web,
picoplankton and phytoplankton, as the
trophic step with the highest potential to accu-
mulate Hg, but also shows that magnification
of Hg is low in consumers. Furthermore, the
fact that mixotrophic algae dominate the phy-
toplankton in these lakes (Queimalinos
2002), brings up that lower component of the
food web like bacteria and its nutritional source

Inorganic Mercury Uptake by Plankton in Oligotrophic Lakes
of Patagonia (Argentina): Does the Quality 

of Dissolved Organic Carbon Matter? 

M.C. Diéguez1, S. Ribeiro Guevara2, C.P. Queimalinos1, 

M. Marvin-DiPasquale3, C. Soto Cárdenas1, M.A. Arribére2

1Lab.Fotobiología, INIBIOMA, CONICET-UNComahue, Quintral 1250, Bariloche,
ARGENTINA, dieguezmc@gmail.com 
2Laboratorio de Análisis por Activación Neutrónica, Centro Atómico Bariloche,
CNEA, Bustillo km 9.5, 8400 Bariloche, ARGENTINA 
3U.S. Geological Survey, 345 Middlefield Rd./MS 480, Menlo Park, CA 94025, USA 

Abstract
The concentration and quality of dissolved organic carbon (DOC) have been implied as

factors controlling the transformation of inorganic mercury (Hg2+) to organic Hg in Andean
lakes (Patagonia, Argentina). In the current study, we further hypothesize that DOC also par-
tially controls Hg2+ uptake into the plankton in these environments as well.  This project goal
was to analyse the effect of DOC quality on the uptake of Hg2+ by algae and zooplankton in
waters from Lakes Moreno, Morenito, El Trébol and Escondido, which represent a gradient in
DOC quality and concentration. A series of experiments simultaneously assessed DOC quali-
ty via fluorescence spectrometry, and Hg2+ bioaccumulation in the algae Crytomonas erosa,
the rotifer Brachionus calyciflorus and the calanoid copepod Boeckella antiqua. Bioaccumula-
tion was evaluated by adding radioisotopically enriched 197Hg2+ into flasks containing the
various lake waters (pre-filtered through 0.2 µm) with the organisms. After incubating for 24
hours in darkness, 197Hg specific activity was measured in the organisms recovered from the
water. The uptake of Hg2+ by pelagic organisms was found to be highly variable as a function
of the natural DOC gradient.  The use of killed controls also suggested that the passive Hg2+
uptake appears as the dominant mechanism in the accumulation of Hg2+ from the environ-
ment by live algae. In herbivorous zooplankton, the highest uptake of Hg2+ was found to be
dietary while the passive uptake of dissolved Hg2+ was almost negligible.

Key words: Mercury, dissolved organic carbon, plankton, bioaccumulation, Patagonia, Argentina
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dissolved organic carbon (DOC) may behave
as vectors incorporating inorganic Hg (Hg2+)
from the abiotic system towards the food web.

The concentration and quality of DOC
have been implied in the dynamics of Hg2+
transformation to organic Hg in sterile lake
water in deep Andean lakes (Ribeiro Guevara
et al., 2008) and perhaps could qualify as a fac-
tor controlling Hg uptake in picoplankton and
phytoplankton in Andean lakes.

This work aims to analyse the effect of
DOC quality on the uptake of Hg2+ by algae
and zooplankton and also to understand the
dynamics of the uptake process of this metal. 

Materials and Methods
Lake sampling and water conditioning
This study was performed in the labora-

tory using water samples collected from four
lakes located in the Nahuel Huapi National
Park (North Patagonia, Argentina). Lakes
Moreno, Morenito, Escondido and El Trébol
were sampled between April and June 2010
using a 12 L Schindler trap. The samples
were poured in acid-washed 20 L carboys and
transported to the laboratory insulated and in
the dark. In the laboratory whole lake sam-
ples from each of the four lakes were sequen-
tially filtered through 0.7 µm glass-fiber fil-
ters (Whatman GF/F) to remove sestonic par-
ticles and through 0.22 µm nitrocellulose fil-
ters (Gamafil) to remove bacteria. After-
wards, the filter-sterilized water from each
lake was incubated in two different light con-
ditions, maintained in the dark and exposed
to UVA and UVB for 72 h, at 14°C in an envi-
ronmental chamber (Sanyo MLR5). UV light
was provided by an array of 4 UVA lamps Q-
Panel 340 and 1 UVB lamp QFS 40. After
incubation, the water from each lake and
treatment was analysed determining the syn-
chronous fluorescence spectra according to
Jaffé et al. (2004), with a Perkin-Elmer Spec-
trofluorometer L55. The characterization of
natural lake DOC and the effect of the photo-
bleaching (photo-oxidation) treatment was
assessed by comparing the synchronous fluo-
rescence spectra of natural and photobleached
waters.

The water treated as explained above
was used as culture medium for several labora-
tory experiments and will be referred here-
inafter as natural (incubated in the dark) and
bleached water. 

Experimental
A series of experiments were designed to

analyse the incidence of natural DOC quality
on the bioaccumulation of Hg2+ in the algae

Crytomonas erosa, the rotifer Brachionus caly-
ciflorus and the calanoid copepod Boeckella
antiqua. The bioaccumulation of this metal
was evaluated by spiking Hg2+ traced with the
radioisotope 197Hg in the water containing
the organisms to Hg concentrations ranging
from 5 to 12 ng L-1, and evaluating the 197Hg
specific activity in the organisms recovered
from the water suspension after incubation
(Ribeiro Guevara et al., 2008). The algal cells
were recovered by filtration through 2.7 µm
glass-fiber filters (Whatman GF/D), whereas
the copepods and rotifers were recovered indi-
vidually under direct microscope by means of a
glass pipette. After recovery, the filters and the
zooplankters were rinsed with ASTM grade I
water to eliminate the dissolved traced Hg. The
bioaccumulation results are reported as the
ratio of the traced Hg determined in the organ-
isms after incubation to the traced Hg2+
spiked in the culture media (in %).

Experiment 1a was aimed to assess the
effect of DOC quality in the uptake of Hg2+ in
the algae Cryptomonas erosa. Natural and
bleached waters from Lakes Morenito, Escon-
dido and El Trébol were used as culture medi-
um for the algae. Water triplicate controls were
included to evaluate filter retention for each
case studied and net Hg uptake by algae was
calculated by subtracting filter retention from
the algae filtrates. Controls consisted of incu-
bation of sterile natural and bleached water
without algae and amended with filter-steril-
ized medium from the Cryptomonas cultures
to compensate for the dissolved substances
inoculated with the addition of the algae.
Experiments were run during 24 h, in 500 ml
Erlenmeyer flasks filled with 250 ml of the
specific culture medium, with 3 replicates per
treatment. The final concentration of the
algae suspension was 3000 cell mL-1. The
trial was performed at 14°C, in darkness to
keep algal production low. 

Experiment 1b was designed to compare
the uptake of Hg2+ by living and heat-killed
cells of Cryptomonas erosa spiked with traced
Hg2+, using natural waters from lakes El
Trébol and Moreno. The incubations and
recovery procedures were the same than
Experiment 1a. 

Experiment 1c was intended to analyse
the dynamics of the mechanism of passive
uptake of Hg2+ in living and heat-killed cells
of Cryptomonas. Triplicate batches of living
and heat-killed cells of Cryptomonas (3000
cell mL-1) were spiked with traced Hg2+ and
cultured in normal water from lakes El Trébol
and Moreno in incubations lasting 30, 90 and
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150 min. The same experimental conditions
and procedures described above were applied. 

Another series of experiments (Experi-
ment 2) were performed to analyse the uptake
of Hg2+ in the rotifer B. calyciflorus (Experi-
ment 2a) and the calanoid copepod B. antiqua
(Experiment 2b) using natural and bleached
waters from lakes Moreno, Morenito, El
Trébol and Escondido. Experiment 2c was
aimed to study the uptake of dissolved Hg2+
and Hg2+ packed in Cryptomonas cells in
Boeckella using natural water from Lake El
Trébol. 

Experiments 2a and b were run with 3
replicates per treatment while in Experiment
2c, 4 replicates were set up. These trials were
incubated in 100 mL glass beakers filled with
80 ml of the specific culture medium, at 14°C
in the dark during 19-22 h. In experiments 2a
and b, incubations were deprived of algae, eval-
uating hence direct traced Hg2+ uptake from
the solution. In experiment 2c one treatment
consisted in Boeckella fed with Cryptomonas
at 3000 cells mL-1 which had incorporated
during the previous 24 h the traced Hg2+.

The other condition tested was without food
to account for the uptake of dissolved Hg2+.
Both treatments had the same traced Hg2+
concentration in the culture media.

Results and Discussion
The fluorescence spectroscopy analysis

revealed the development of three peaks at
wavelength 275-285 nm (Peak I), 305-315 nm
(Peak II) and 340-370 nm (Peak III), with a dis-
tinct pattern in natural waters of the four lakes
studied (Fig. 1 a-d). Peaks I and II are associat-
ed with low molecular DOC, indeed, Peak I is
related to microbial primary productivity,
while Peak III is associated with polyconden-
sation of phenolic aromatic units such as
humic acids (Jaffé et al. 2004). The relative
intensity of Peak I to total fluorescence of
Peaks I to III in the synchronous spectra
(%Peak I) was used to compare DOM quality
of the different samples. Comparing natural
waters, Lake Moreno presented the highest
%Peak I (63.2%), followed by Lakes Moreni-
toand El Trébol (43.2 and 39.1%, respectively). 

Figure 1. Synchronous fluorescence spectra of natural and bleached waters from the studied
Andean lakes 

Table 1. Uptake of traced Hg2+ (replicate average±1SD) in Brachionus calyciflorus and
Boeckella antiqua in natural and bleached waters of Lakes Moreno, Morenito, El Trébol and
Escondido (Patagonia, Argentina). Values are expressed as the ratio of the traced Hg deter-
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Remarkably, this Peak was absent in Lake
Escondido. After photobleaching, DOM struc-
ture was clearly different in 3 of the 4 lakes.

The results of the Experiment 1a
showed higher uptakes of Hg2+ by Cryp-
tomonas in natural compared to bleached
waters of Lakes Morenito and El Trébol. How-
ever, the differences between treatments were
significant only in the case of Lake El Trébol
(t=5.2, P=0.006). In contrast, algal cells
showed significantly higher Hg2+ uptake in
bleached than in natural water of Lake
Escondido (t=-5.5, P=0.001). When com-
paring across lakes, the traced Hg2+ uptake
by algae was found to be highest in waters
from El Trébol, followed by Morenito and
Escondido, either in natural or bleached con-
ditions. Experiment 1b showed that living
cells presented significantly higher uptake
than dead cells in water from Lake El Trébol
(t=8.1, P=0.0005); while the opposite
response was found in the case of incuba-
tions in water from Lake Morenito, although
the differences found were not significant
(t=1.950, P=0.09). The fact that this exper-
iment ran during 24 h, could cause that the
decomposition of dead algae could have like-
ly produced a release of organic material to
the culture medium interfering with the
treatment. Thus, we performed a shorter
experiment (Experiment 1c) to control for
the effect of potential decomposition of dead
cells in the outcome of Hg2+ uptake. In
Experiment 1c, the uptake of Hg2+ of living
and heat-killed cells of Cryptomonas showed
differential responses in time between natu-
ral waters from Lakes El Trébol and Moreno.
In the case of El Trébol waters, the highest
uptake of Hg2+ by algal cells occurred with-
in the 30 min remaining at similar values at
90 and 150 min incubations and regardless
of the state of the cells. Neither the time of
incubation nor the cell condition affected
significantly (F=2.75 and 0.32, P>0.1,
respectively). Mean algal uptake of Hg2+
(1SD) throughout time was 18 ± 2.1 % in liv-
ing algae and 17.4 ± 2.7 % in dead cells. In
contrast, in Lake Moreno waters Hg2+
uptake by algae increased significantly with
time (F=21.8, P=0.002) and regardless of
the cell condition (F=1.8, P=0.2), reaching
11.7 ± 0.3 and 11.1 ± 0.25 % in living and
dead cells of Cryptomonas respectively.
Overall, Experiments 1b and c, revealed that
passive uptake is the dominant mechanism
in the accumulation of Hg2+ from the envi-
ronment. These responses in the Hg2+

uptake by Cryptomonas likely relate to DOC
features of the three lakes (Fig. 1) since all
other variables were maintained constant in
the experiment. It seems that higher avail-
ability of small molecules in the DOC pool,
revealed by %Peak I, interfered with Hg2+
uptake by algae in certain lake waters. 

The results of Experiment 2a testing
the effect of DOC quality in the uptake of
dissolved Hg2+ in B. calyciflorus showed
similar uptake values in natural and
bleached water (F=0.02, P=0.9). However,
the uptake of Hg2+ in Brachionus differed
significantly between lakes (F=11.5,
P<0.001), presenting the highest uptake in
waters from Lake Escondido followed by
Morenito, Moreno and El Trébol, independ-
ently of the water treatment (Table 1). In
Experiment 2b, the uptake of dissolved
Hg2+ in B. antiqua resulted similar in natu-
ral and bleached waters (F= 0.015, P=0.9),
but contrasted significantly amongst lakes
(F=11.5, P<0.001). Boeckella uptake of dis-
solved Hg2+ was highest in waters from
Lake Morenito, followed by El Trébol,
Moreno and at last by Escondido (Table 1).
Experiment 2c, which tested both the incor-
poration of Hg2+ dissolved in the culture
medium and through diet, showed up that
dietary uptake was one order of magnitude
higher than that of dissolved Hg2+ (24.2 ±
3.9 and 2.3 ±1.2 %, respectively; t=-10.7,
P<0.001). Hg2+ uptake patterns in Bra-
chionus and Boeckella were almost the
same. Regardless of the species of consumer,
differences in Hg2+ uptake appear to be
basically due to particular and contrasting
water chemistry between lakes. Remarkably,
differences in DOC quality induced to natu-
ral lake water by photo-oxidation did not
affect significantly the uptake of Hg2+ by
herbivorous zooplankters such as Bra-
chionus and Boeckella. Noteworthy, the
dietary uptake of Hg2+ in the copepod
Boeckella (~20%) exceeded by far direct
uptake of dissolved Hg2+. The values
obtained in this work are comparable to effi-
ciencies reported for other copepod species,
such as a 15 to 21% (Fisher et al., 1991,
Mason et al., 1996). 

Collectively, our results reveal the
importance of the particular nature of lake
DOC and its potential in affecting the
uptake of Hg2+ by organisms. The features
of the DOC pool of a lake are intimately
related to within-lake processes as well as to
watershed type and dynamics, thus consti- 
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tuting a distinctive ecosystemic sketch influ-
ential for many abiotic and biotic processes.
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Introduction
Incineration processes can be used for

eliminating all types of waste, especially
Municipal Solid Waste (MSW) after sorting.
Their environmental impact is of great con-
cern. Therefore incinerator operators, who
need to satisfy to gaseous emission regula-
tion tougher and tougher, are deeply con-
cerned with the fate of Heavy Metals (HM).
Indeed, during incineration, HM contained
in the waste do not disappear (Lavoisier's
law); after being transformed by more or less
complete vaporization and condensation,
they just become more concentrated in the
ultimate residues (bottom ash and fly ash) or
are emitted in the fumes. The problem is:
should operating conditions avoid HM
vaporization to concentrate them in bottom
ash? Or should they contrarily favor their
emission in fumes, coupled with enhanced
Air Pollution Control (APC) devices, in

processes possibly involving in-situ scav-
engers addition or improved gas treatment
by using specific adsorbent? This is a very
important environmental and economical
problem. 

In this context, this study aims at
developing a local model for simulating the
HM vaporization process during waste
incineration in fluidized bed. We developed
previously a waste combustion model,
which assumed the waste particle to be
isothermal (Mazza et al., 2009). The new
model presented here is an improvement of
the previous one, by taking into account a
thermal profile due to conduction limitation
inside the burning particle. It is shown that
the non-isothermal condition for waste par-
ticle affects drastically the HM release over-
all kinetics and leads to a satisfactory agree-
ment between experimental and predicted
vaporization rates. 

Non-Isothermal Combustion Model Taking into Account 
the Heavy Metal Vaporization: 

Application to Municipal Solid Waste Incineration
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Abstract
A particulate model was developed. It combines solid waste particle combustion and

heavy metal vaporization from burning particles during municipal solid waste incineration
in a fluidized bed. This model combines an Asymptotic Combustion model for the carbona-
ceous solid combustion and a Shrinking Core model to describe the heavy metal vaporiza-
tion phenomenon, and the particle is considered non-isothermal, as an improvement of the
simpler isothermal case developed before. A parametric study shows the temperature influ-
ence on the global metal vaporization process. The simulation results are compared to
experimental data obtained with Cd-spiked waste particles burning in a lab-scale fluid bed
incinerator, and they are also compared to the results of the isothermal model.  It is shown
that conduction in the particle affects strongly the vaporization rate variation with time and
that the present version of the model fits well both the shape of the plots and the maximum
HM vaporization rates for all bed temperatures.

Keywords: heavy metal vaporization, waste incineration, non-isothermal particle
model, asymptotic consumption, shrinking core
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State-of-the-Art
The modeling of waste particles com-

bustion may be built up on the knowledge of
the phenomena occurring during the com-
bustion of other carbonaceous materials,
and many papers dealing with either porous
or non-porous isothermal particles were
published. Recently, Manovic et al. (2008)
developed a model for coal combustion with
internal temperature profile in the particle,
which may be adapted to waste combustion.
Finally, heavy metal release from various
burning particles was studied without build-
ing a local kinetic model, either by thermo-
dynamics or by global modeling (Porteiro et
al., 2006; Abanades et al., 2002). Besides,
models dealing with MSW incineration do
not consider the HM vaporization occurring
during the particle combustion, nor do they
consider any effect from the HM release on
the combustion (Marias et al., 2002; Yang
and Swithenbank, 2008).

The general objective of the model is to
describe the incineration of metal-loaded
solid waste particles in a bubbling fluidized
bed. Experimental results to be fitted were
obtained on a lab-scale, electrically-heated,
incineration simulator (Falcoz et al., 2009).
Cd-spiked model waste particles, made from
waste flakes impregnated with cadmium
salt, pressed and dried in an oven, were
burned. The particle's drying phase is negli-
gible because of its preparation procedure.
The model considers a non-isothermal parti-
cle and takes into account the temperature
influence in both a metal vaporization front
and a combustion layer (considered on a het-
erogeneous point of view), together with sev-
eral physico-chemical phenomena: there
exists four phases steps during the combus-
tion of a waste particle, whether or not it
contains heavy metals (Menard et al., 2006):
pyrolysis, pyrolysis gas combustion, residual
carbon combustion, and residual carbon
gasification. 

Pyrolysis
During the pyrolysis process, the

organic matter is first weakened. It decom-
poses into a volatile fraction (hardly quanti-
fied) and a residual solid (Garcia et al., 1992)
as temperature increases. 

Pyrolysis gas combustion
The pyrolysis gas mixture contains

reaction products, i.e., mainly H2, CH4 and
CO, which may be oxidized by the oxygen in
the air. This is a very complex set of reac-
tions, which can be simplified by the follow-
ing relations:
CO + 1/2 O2 <-kCO-> CO2
CH4 + 3/2 O2 <-kCH4-> CO + 2H2O    (1)
H2 + 1/2 O2 <-KH2-> H2O

Residual carbon combustion
The model considers a simplified

approach. It uses an effective stoichiometry
from the classical combustion reactions that
leads to a CCO/CCO2 mixture as the prod-
uct. Arthur's law is used to calculate the ratio
(Menard et al., 2006).

Residual carbon gasification
CO2 and steam may react with resid-

ual carbon, thus influencing the combus-
tion, especially in zones with low oxygen
concentration. These reactions are:
C + H2O <-> CO + H2 (2a)
C + CO2 <-> 2CO (Boudouard reaction)(2b)

The gasification reaction of residual
carbon (Eq. 2a) is three-times faster than the
Boudouard reaction (Eq. 2b). Carbon may
also react with H2 to produce methane, how-
ever, this reaction is 300 times slower than
Boudouard reaction and is not likely to
occur.

Description of the non-isothermal
model

The waste particle combustion model
calculates the HM vaporization rate; it is
based on assumptions on hydrodynamics,
heat and mass transfers coupled to the com-
bustion chemical reaction and to reactions
occurring in gas phase. Most assumptions
are the same as in the previous version of the
model (Mazza et al., 2009) except the limit-
ing conduction heat transfer inside the parti-
cle. 

The studied system is a solid waste
particle (Table 1), cylindrical (H=1.5 10-2m,
D0=0.01m) and assumed to be isotropic,
immersed in the emulsion of a bubbling flu-
idized bed of sand particles at time t = 0, and
burned in an air flux (fluidization gas). 

Table 1. Waste particle ultimate analysis
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An emulsion control volume   is
defined around the particle, which takes into
account the perturbations within the
gaseous phase (Figure 1).

Figure 1. Schematic view of different regions
considered in the model.

The heterogeneous solid combustion,
thus consumption, is modeled as before by the
so-called "asymptotic consumption" (AC)
model (Szekely et al., 1976), which considers a
thin reaction layer, and oxygen diffusion
towards the particle core. Petersen's expres-
sion (quoted by Szekely et al., 1976) allows to
solve the thermal conservation equation
inside the particle without, including explicit-
ly the gas conservation equation inside the
particle. The metal vaporization is modeled by
the classical shrinking core (SC) approach,
which does not consider any diffusion phe-
nomenon. Therefore, there exists a solid core
containing non vaporized metal, covered by a
metal-free and unburned solid layer (cf Figure
1). Then, the evaluation of HM vaporization
rate depends on the relative displacement
velocities of the solid combustion layer and of
the vaporization front. 

As a consequence of the AC approach,
the reactive concentration is supposed to be
null outside the peripheral layer of thickness  .
Moreover, when the reactive solid is con-
sumed inside this layer, it is renewed with a
new layer of the same thickness. The initial
metal concentration is supposed to increase
linearly from the particle center to its periph-
ery. Finally, the model considers no ash
remaining around the particle after combus-
tion (as noted by particle characterization).

Numerical Solution
The system was numerically solved in

FORTRAN (Compaq Visual FORTRAN 6.6),
by setting up a 3-step computing code for
pyrolysis (stoichiometric calculus), homoge-

neous combustion (resolution of ordinary dif-
ferential equations -ODE- System I), and het-
erogeneous combustion (resolution of ODE
System II). When solving System I, the metal
vaporization is calculated for a fixed particle
radius (set at initial value R0); however, when
solving System II, the particle radius yc(t)
depends on time. The software implements
STIFF3 numerical method (Michelsen, 1976),
as modified by Barreto and Mazza (1989), for
solving ODE Systems I and II. The radial coor-
dinate is discretized by the orthogonal colloca-
tion method in order to solve the heat balance
equation for the solid (partial differential equa-
tion). The solid temperature is expressed at
several positions along the radius by this
method. Then, a new ODE equation is created
for each discrete radial position, which allows
to compute the corresponding solid tempera-
ture values versus time. These new ODE equa-
tions are directly injected into the ODE system
I or II depending of the computation step,
where they replace the isothermal particle heat
balance in the first version of the model.

Results and Discussion
A parametric study was carried out for

the particle effective conductivity keff,. Best
coherency with measurements was obtained
for keff = 0.2 Wm-1K-1, and therefore this
value was chosen for the rest of the study. We
focus in this paper on the results concerning
the heavy metal vaporization.

Comparison with isothermal model
A comparative calculation was devel-

oped to compare the behavior of the present
non-isothermal model with that of the previ-
ous isothermal model (Mazza et al., 2009).
Figure 2 plots the results obtained with the
two models in front of the experimental
results, in the case of cadmium-spiked artifi-
cial waste, burning at 770°C. The non-
isothermal model fits very well the experi-
mental profile of vaporization rate, which is a
strong improvement. Indeed, the maximum
vaporization rate is as well predicted as it was
by the isothermal model, but in addition the
shape of the theoretical curve is now very sim-
ilar to the experimental one, which was not
the case with the isothermal model.

Influence of the temperature on the
metal vaporization rate and prediction of the
Cd vaporization rate by the model

Figure 3 plots the theoretical and exper-
imental metal vaporization rates (r) versus
dimensionless metal concentration in waste
(x) for Cd and bed temperature 650°C,
740°C, 780°C and 800°C, respectively.
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The set of theoretical plots points out
the expected drastic influence of temperature
on the metal vaporization rate: its maximal
value increases from nearly 2 mg.kg-1.s-1 at
650°C up to 30 mg.kg-1.s-1 at 800°C.

Experimental data are always very well
fitted; whatever the temperature, the shape of
the plot is respected, contrarily to the simpler
isothermal model, which gave a profile dis-
agreeing with experimental results for low
temperatures. Moreover the maximal value is
always very well predicted. Globally, the high-
er the temperature, the better the fit. The dif-
ference observed for low temperature, espe-
cially in the first moments, may be due to the
combustion rate, not high enough for asymp-
totic combustion assumption. And since the
combustion rate has a strong influence on the
metal vaporization rate (which is rather low

for low temperatures), the
effect is very significant.
Then when T increases
the particle is better heat-
ed, vaporization process
follows well the combus-
tion front in the particle.
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Introduction
The history of anthropogenic Pb depo-

sition in Europe over millennia is recorded
using peat and ice archives and reported in
plentiful publications. However, the actual
effect of growing anthropogenic lead input
via atmosphere on soils remains unclear for
lack of an "uncontaminated" reference base-
line. We propose to use as a basis for compar-
ison the paleosols preserved under the arche-
ologically dated burial mounds (kurgans)
and protected from air pollution during cer-
tain known period. Coupling analysis of Pb
isotopes profile distribution in paleosoils
and in their modern analogues may give a
new opportunity to compare sources and lev-
els of metal in soils nowadays, and in the
ancient times.

Materials and Methods
The study area is located in the dry

steppe zone of the Low Volga, at the south
end of the Privolzhskaya Upland, 150 km

north - northeast of Volgograd. In the year
2005 excavations of three kurgans located 5
km north of a village Salomatino (Kamyshin
district, Volgograd region, Russia), were per-
formed by a joint expedition of the IPBPSS
RAS (Pushchino) and Volgograd State
University. The erection of kurgans is dated
back to the Bronze Epoch (16th-15th cen-
turies BC: the Srubnaya culture), and the
Early Iron Age (late 2nd to early 3rd cen-
turies: late Sarmatian Culture). Kurgans
form a triangular-shaped group with the
sides of 35-35-45 m. A pit of the modern ref-
erence soil was located close to the middle of
the kurgan group. In order to study the influ-
ence of transport on soil contamination,
samples from A horizon (0-5 cm) were col-
lected at the distances of 2, 5 and 10 meter
from a local road, and from the a major
motorway Moscow-Volgograd M6. 

The lead concentration and isotopic
composition in the total and mobile (extract-
ed by ammonium acetate buffer with pH 4.8)

Chronological Evolution of Mobile Lead Isotopic Composition 
in Buried Soils over 3.5 Millennia 

as an Indicator of Increasing Anthropogenic Impact 

T.V. Pampura1, A. Probst2, V.A. Demkin3

1Institute of Physicochemical and Biological Problems in Soil Science RAS, Pushchino
142290, RUSSIAN FEDERATION, pampura@rambler.ru
2Laboratoire d'Ecologie Fonctionnelle ENSAT/INPT, Av. de l'Agrobiopole BP 32607
AUZEVILLE TOLOSANE 31 326 Castanet-Tolosan Cedex, FRANCE, anne.probst@ensat.fr
3Institute of Physicochemical and Biological Problems in Soil Science RAS, Pushchino
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Abstract
A chronological sequence of paleosols buried below archeologically dated kurgans (bur-

ial mounds of nomadic tribes, Low Volga steppe in Russia) and covering 3.5 millennia was
investigated in order to evaluate the anthropogenic Pb impact on soils. Soil profile buried
below a Bronze Age kurgan was used as an "uncontaminated" background soil. Isotopic
ratios of mobile (extracted by ammonium acetate buffer, pH 4.8) and total lead were
analysed, and it was shown that mobile lead isotopic ratios is the more sensitive indicator of
anthropogenic impact than those ones of the total lead. 

Temporal trends of mobile and total lead isotopic ratios since the Bronze Age until the
present were compared with correspondent trend of Pb averaged isotopic ratios in European
atmospheric depositions (recorded in the peat cores) and modern Russian aerosols. A clear
shift towards "less radiogenic" isotopic ratios was observed in the case of mobile lead in soils
and air depositions, indicating the increasing influence of anthropogenic (ore-derived) Pb
input. However, mobile lead represents only a small portion of the total pool (0.2-15%), and
no substantial shift in the total Pb content or isotope ratios was found within soil chrono-
logical sequence, indicating a very low level of contamination  of modern soils by lead, except
soils in the vicinity of the motorway (within 10 m). 

Key words: Lead isotopes, buried soils, peat cores, depositions, environmental recon-
structions.
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fractions were analyzed using ICPMS Agilent
7500 Ce (LMTG-CNRS, Toulouse, France,
and Moscow State University, Russia). 

Results and Discussion
"Mobile" lead concentration could be a

better indicator for anthropogenic Pb con-
tamination than total Pb, since industrially
contaminated soils are usually enriched in a
less tightly bound  Pb fraction (Jensen et al.,

2006). In our study, concentrations of
"mobile" Pb and its fraction in the total pool
varied from 2.9 to 0.02 mg kg -1, and from
15.4% to 0.22 % respectively. The highest
values were found in soil near the motorway,
the lowest ones were in B2 and Dca horizons
of the Bronze Age paleosol. Regular decrease
of mobile Pb concentration with depth was
found only in the "oldest" Bronze Age soil
profile. This soil has lowest concentrations 

Figure 1. Chronological evolution of isotopic composition of atmospheric depositions, recon-
structed using literature data on peat bogs cores:  207Pb/206Pb (a) and 208Pb/206Pb (b). Time
intervals of kurgan erection (around  3500 and 1800 yr BP) are  indicated by vertical lines.
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of mobile lead within the whole profile com-
pared to other soils. In the Iron Age and
modern soils highest concentration and frac-
tion of mobile Pb in the total pool were
observed in lower soil horizons with highest
carbonates content. Regression analysis
showed that carbonates content in buried
and modern soils explains about 49% and
55 % of the variation of mobile lead concen-
tration and fraction of mobile lead in the

total pool respectively. Probably, carbonates
may play a role of a trap for mobile lead, part-
ly of anthropogenic origin. The ratio of the
weighted mean concentrations (A+B hori-
zons) (mobile lead(ppm))/(CaCO3(%)) grows
in order 3500 yr BP (0.03) < 1800 yr BP
(0.09) < modern soil (1.06), and could be a
sign of increasing anthropogenic Pb input
within the soil chronological sequence. 

Figure 2. Comparison of chronological evolution of lead isotopic composition in soils and in
atmospheric depositions (shaded regions): a - total Pb, arrow D-A indicates a shift in isotopic
composition from the bedrock to the upper horizon in the soil profiles; b - mobile lead.



94915th ICHMET

SOURCES, EMISSIONS AND CONTROL OF HEAVY METALS

Isotopic composition of the mobile
fraction of Pb was "less radiogenic" than the
total one in the case of modern and the Iron
Age soils. In the case of the Bronze Age soil,
there was no pronounced difference in iso-
topic composition between these two frac-
tions. Explanation could be that the mobile
lead in this soil is mostly "natural", inherited
from the bedrock, opposite to the younger
soils, where its composition reflects the
influence of airborne anthropogenic (ore-
derived) Pb, accumulated preferably in the
mobile form.  

To study the relation between isotopic
composition of Pb in the atmospheric deposi-
tion and in the soil mobile fraction we com-
piled data for 207Pb/206Pb and 208Pb/206Pb
ratios in European peat cores, available in the
literature (Fig. 1). Using these data, the aver-
age isotope ratios and STD for the time inter-
vals of kurgans erection were calculated and
compared with isotope ratios of the Pb mobile
fraction and total pool in corresponding
buried paleosols (Fig. 2). To characterize mod-
ern Pb deposition we used data on Russian
aerosols (Mukai et al., 2001). 

Comparison demonstrated the same
evolution trend for isotope compositions of
the atmospheric Pb and the mobile Pb in
soils over 3.5 millennia (directed towards the
"less radiogenic" values) (Fig. 2). Good agree-
ment between isotopic composition of the
air-borne Pb from the peat sections of 3500
and 1800 yr BP and the mobile Pb in corre-
sponding paleosols was found. Composition
of the mobile Pb in the modern roadside soil
corresponded to the composition of the
Russian aerosols. 

Calculations performed using two
component mixing model in coordinates
(207Pb/206Pb) vs (208Pb/206Pb) demon-
strated that in the upper horizon the "less
radiogenic" fraction of mobile Pb increased
within soil chronological sequence from
34% (3500 yr BP) to 51 % (1800 yr BP) and
58% (modern soil). In modern and the Iron
Age soils, even deep horizons were enriched
with the "less radiogenic" Pb (52 and 50%
respectively). This probably is an evidence of
the influence of anthropogenic lead. Howev-
er, no substantial shift in the total Pb con-

tent or isotope ratios was found within soil
chronological sequence due to low fraction of
the mobile lead in the total pool. 

Conclusions 
1. No substantial shift in the total Pb

content or isotope ratios was found within
soil chronological sequence, indicating a
very low level of contamination of the mod-
ern soil by lead compared to the Bronze Age
soil, except soils in the vicinity of the motor-
way (within 10 m). 

2. However, signs of the anthropogenic
Pb input were found by the analysis of the
mobile lead content and isotope composi-
tion: 

- similar evolution trend for isotope
compositions of the atmospheric Pb (Euro-
pean peat bogs) and the mobile Pb in soils
from the Bronze Age to the present (directed
towards the "less radiogenic" (ore-derived Pb)
values);

- an increase of the ratio mobile
lead(ppm)/CaCO3(%) in the soils A+B hori-
zons in order 3500 yr BP (0.03)<1800 yr BP
(0.09)<modern soil (1.06), which may be an
indication of the growing anthropogenic Pb
input.  
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Abtract

Between July and September 2009 samples of water, superficial sediment, biofilm,
plants and two fish species were taken from sampling sites along the total run of the Sch-
wechat River in Lower Austria. Samples were analysed for their total mercury content by
cold vapor atomic absorption spectrometry (CV-AAS). Dissolved mercury in the water
lies below the detection limit, where as in biofilm, sediment, plants and fish muscle mer-
cury was well detectable. The results show a significant raise of the mercury content in
the sediment and biofilm from the upper part of the river towards the lower part, where
the river passes through industrialized landscape. Mercury concentrations lie between
0.029 µg/g (dw) and 0.260 µg/g (dw) for the sediment, and between 0.051 µg/g (dw) and
0.521 µg/g (dw) for the biofim. Fish were only taken from the polluted region, showing a
mean concentration of 0.072 µg/g (fw) in muscle for the rather mobile fish species chub
Leucicus cephalus and 0.121 µg/g (fw) mercury in muscle for the more stationary fish
species gudgeon Gobio gobio. Our results show, that the river Schwechat, although rated
to have good water quality by the Austrian Government, shows a clear mercury pollution
due to anthropogenic influence. Additionally the results demonstrate the good bioindica-
tive properties of biofilm for mercury pollution.
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Introduction
Urban diffuse pollution has emerged as

a serious issue due to its potential hazard to
human health and the near-by environment.
While emissions from point sources are in
general under control, diffuse pollution
remains a threat to the environment and
requires more in-depth research (SEPA,
1999). Although they comprise only a small
percentage of land cover in urban catch-
ments, road are regarded as one of the key
sources of heavy metals. Roads and highway
surfaces are impervious, and serve as tempo-
rary sinks for various types of pollutants that
are washed off during rainfall to the sur-
rounding environment. Several local,
national and international studies also point
to the traffic sector as a major contributor of
diffuse metal emissions (EEA, 2004). Envi-
ronmental pollution from heavy metals
along roads, therefore, has received much
attention in the recent past, and so has the
pollution of urban watercourses caused by
storm runoff from roads. The raised aware-
ness of traffic as one of the major contribu-
tors of diffuse pollution has driven a need for
more detailed understanding of the various
traffic related sources including how and

where the metals are dispersed
(Hjortenkrans et al., 2006). Road deposited
sediments (RDS) play an important role in
this, and comprise a complex mix of particu-
lates and contaminants derived from the
road traffic environment. RDS varies with a
range of natural and anthropogenic factors
and has been found to be highly variable
between geographical regions (Robertson
and Taylor, 2007). Urban RDS contain a
range of potentially hazardous pollutants
among which metals are believed to be very
common and persistent, and are of serious
concern for environmental regulators.

Most of the previous RDS studies have
been based on samples collected within 1 m
from the curb along roads (Charlesworth et
al., 2003; Zhu et al., 2008; Banerjee, 2003)
or from road side soils (Hjortenkrans et al.,
2006). However a few studies have looked at
positions further from the curb and found
that metal concentrations in road dust were
higher in the centre of the road and
decreased towards the road gutter (Harrison
et al., 1985; Deletic and Orr, 2005).
Although some previous studies have
focused on Scotland, there is virtually no
information on pollution build-up and heavy

Assessment of Heavy Metals Emission on Road Surfaces
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Abstract
Road deposited sediments (RDS) are regarded as sinks for metal pollutants derived

from road-traffic that may find their way into nearby soils, plants, human beings or are
washed-off by rain events to receiving streams posing danger for the environment. This
study aimed to analyse RDS metal concentrations using Riccarton Campus of Heriot-Watt
University, Edinburgh, Scotland as a study site. RDS samples were collected at two positions
from different sites over a 4 month period to characterize the influence of traffic. The metal
concentrations of the RDS were determined by strong nitric acid digestion and atomic
absorption spectrometry. The mean concentrations were found to be 213.22, 57.36, 0.80,
15.75, 15.19, 118.20, 13497 mg kg-1 respectively from samples near to the curb and
210.93, 78.81, 1.80, 15.31, 8.70, 34.57, 14276 mg kg-1 respectively from samples 1 m from
the curb for Zn, Cu, Cd, Cr, Ni, Pb and Fe, respectively. Furthermore for both positions the
highest concentrations for all metals were associated with the finer fraction (<63 µm) and
significant correlations between the metals were found further from the curb than near the
curb, indicating that metals accumulating on the road surface further from the curb may all
be of the same origin (traffic), while the sources of metals in the gutter are far more diverse.

Key words: Heavy metals, atomic absorption spectrometry, road deposited sediment,
particle size. 
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metal concentrations around Edinburgh.
This study therefore aimed to analyse RDS
metal concentrations using Riccarton Cam-
pus of Heriot-Watt University, located in
south-west Edinburgh, Scotland as a study
site. This paper presents results from a field
study investigating the variability of metal
concentrations in RDS.

Materials and Methods
RDS samples were collected from eight

sites on the campus roads and for two posi-
tions (from the gutter along the curb; and
from 1 m further away from the curb) to
explore the influence of traffic. Samples were
collected on between 4 and 12 days over a 4
month period. The samples were collected
by sweeping a 1 m2 are of road surface using
a clean plastic dustpan and brush as outlined
by Charlesworth et al. (2003), Robertson and
Taylor (2007), and Kim et al. (1998). Several
identical dustpan and plastic burshes were
used to keep the sampling process consistent
in order to minimise sampling variability.
Samples were then transported back to the
laboratory using self-sealing plastic bags to
avoid contamination.

After collection samples were air-dried
at room temperature and weighted prior to
further analysis. Samples were dry-seived
using a 1 mm aperture metal sieve to remove
large objects, litter, plants and leafs. Then
samples were wet-sieved through a 63 µm
aperture metal sieve to separate them into
fractions above and below 63 µm. This size
has some importance for metal concentra-
tions as suggested by various researchers
(e.g. Sutherland, 2003). Wet-sieved samples
were then oven dried at 105oC overnight in
preparation for the metal analysis. Figure 1
shows the flow chart of the analytical
method followed for the determination of
metal concentrations. Details of the analyti-
cal procedure followed can be found in
Robertson and Taylor (2007) or Deletic and
Orr (2005). 

Results and Discussion
Table 1 presents the descriptive statis-

tics of the metal analysis for both positions
for integrated samples (i.e. both size frac-
tions combined using all sampling sites).
The background concentrations of the met-
als from Riccarton Campus are also shown
along with regional background values for
Scotland (Appleton, 1995). The accumula-
tion index, which is the ratio of the mean to

the local background mean, is also presented
in Table 1. The mean concentrations were
found to be 213.22, 57.36, 0.80, 15.75,
15.19, 118.20, and 13497 near the curb,
while 210.93, 78.81, 1.80, 15.31, 8.70,
34.57, and 14276 mg kg-1 at 1 m from the
curb for Zn, Cu, Cd, Cr, Ni, Pb, Fe respec-
tively. The mean concentrations reported
here are very similar to the concentrations
reported previously for residential catchem-
nts in the UK as well as from over the world
(Deletic and Orr, 2005; Robertson and Tay-
lor, 2007; Sutherland, 2003; Charlesworth
et al., 2003).

In general the data presented in Table 1
suggests that the concentrations of Zn, Cr, Fe
found at the two positions were very similar.

However, levels of Cu and Cd were 1.4
and 2.25 times higher at 1 m from the curb
than those of near the curb. Inversely, Ni
and Pb concentrations showed 3.4 times
higher levels near the curb than at 1 m from
the curb. The accumulation coefficients sug-
gest that all metals but Ni and Fe show ele-
vated concentrations compared to back-
ground concentrations indicating that there
are some anthropogenic inputs (e.g. vehicu-
lar activities) on top of atmospheric deposi-
tion. Particularly, Pb followed by Cr, Zn and
Cu near the curb and Cr and Zn followed by
Cd, Cu and Pb at 1 m from the curb. It has
been noted in the literature that all of these
metals are somewhat related to traffic and
are found at elevated levels in urban environ-
ments. However, the elevated Pb concentra-
tion is somewhat surprising, since Pb has
been banned as an anti-knocking additive in
fuel for over a decade. This may have been
caused by road paint, especially yellow lines,
near the curb at some sites (Deletic and Orr,
2005).

For metals having an accumulation
coefficient > 1, further assessment of the
emission patterns for both positions, but
now separating the two different size frac-
tions was undertaken. The means (based on
all sampling sites) revealed that the highest
concentrations for all metals were associated
with the finer fraction (<63 µm) for both
positions. The only exception is Pb which
shows a higher association with the >63 µm
fraction near the curb (Table 2). This also
supports the idea that the source of Pb was
road markings near the curb rather than
vehicles. Paired t-student tests showed that
there is always a significant difference
between the mean concentrations measured 
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in the two fractions. On average the <63 µm
fraction contained two to four times higher
concentrations of Zn, Cu, Cd, Cr and Pb
than the >63 µm fraction for both positions
indicating the metals' affinity to attach to the
finer fraction. It was also discovered that
concentrations associated with the <63 µm
fraction for Zn, Cu, Cd were higher at 1 m
from the curb than those near the curb,
while the highest concentrations for Pb and
Cr were found near the curb: particularly,
the reduction was as high as 75% for cd fol-
lowed by 30% for Cu and 9% for Zn towards
the curb. Similar observations are evident
from the study carried out by Harrison et al.
(1985) although the percentage changes for
Cd and Cu are rather higher in the current
study. The reason behind higher concentra-
tions for Zn, Cu and Cd at 1 m from the curb
than near the curb may be vehicular emis-
sion as it was observed that usually vehicles
passed directly over the 1 m from the curb
position and hence any deposition of partic-
ulates, from e.g. tyres and brakes, containing
heavy metals would most likely occur at this
position before being transported towards
the curb by vehicle induced turbulence or
natural processes, such as wind or rain. 

To assess the influence of traffic-relat-
ed sources (tyres, brakes, corrosion, exhaust
fumes and pavement wear), correlations

between the metals were analysed for both
positions.

Table 3 presents Spearman's rank cor-
relation coefficients, r, (the experimental
data did not follow a Gaussian distribution).
Concentrations of certain metals did corre-
late well with each other, and there were
more statistically significant correlations
between metals further from the curb than
near the curb (Table 3). The most plausible
explanation is that metals accumulating on
the road surface farther from the curb may
all be of same origin (road-traffic), while the
sources of the metals along the curb are far
more diverse. 

Conclusion
Monitoring of the RDS in Riccarton

campus road, Edinburgh, Scotland has
shown elevated emission patterns of traffic
derived metals. A spatial distribution of
metal concentration was observed with the
highest concentration of Zn, Cu, Cd in RDS
collected at the 1-m from the curb due to
more traffic input, and Pb, Fe, Ni near the
curb. This could be pointed that the pollu-
tants next to the curb have a diverse source
than those found at 1-m from the curb, such
as iron grid for road gutter, road fence, lamp
post, surrounding land uses etc. It can also
be concluded that significant contamination

Figure 1. Analytical protocol for RDS metal determination
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was associated with the finer particles espe-
cially below 63 µm as expected from the lit-
erature.

References
Appleton, J.D. Review of natural con-

tamination in Great Britain. Department of
the Environment, Report no. PECD7/1/734,
1995.

Banerjee, ADK. Heavy metal levels and
solid phase speciation in street dusts of
Delhi, India. J Environmental Pollution
2003; 123:95-105.

Charlesworth S, Everett M, McCarthy
R, Ordonez, A, Miguel, Ede. A comparative
study of heavy metal concentration and dis-
tribution in deposited street dusts in a large
and a small urban area: Birmingham and
Coventry, West Midlands, UK. J Environ-
ment International 2003; 29:563-573.

Deletic A, Orr DW. Pollution buildup
on road surfaces. J Environmental Engineer-
ing 2005; 131:49-59.

EEA. EMEP/CORINAIR Emission
inventory guidebook. European Environ-
mental Agency, Copenhagen. Technical
Report 2004; 30.

Harrision R, Johnston W, Ralph J,
Wisen S. The budget of Pb, Cu and Cd for a

mjor highway. Science of the Toatl Environ-
ment 1985; 46:137-145.

Hjortenkrans D, Bergback BO, Hag-
gerud A. New metal emission patterns in
road traffic environment. J Environmental
Monitoring and Assessment 2006; 117:85-
98.

Kim KW, Myung JH, Ahn JS, Chon
HT. Heavy metal contamination in dusts
and stream sediments in the Taejon Area,
Korea. J Geochemical Exploration 1998;
64:409-419.

Robertson DJ, Taylor KG. Temporal
variability of metal contamination in urban
road-deposited sediment in Manchester,
UK: Implications for urban pollution moni-
toring. J Water Air Soil Pollution 2007;
186:209-220.

SEPA. Improving Scotland's water
environment. Sctoish Environment Protec-
tion Agency, Stirling. SEPA State of the envi-
ronment Report 1999.

Sutherland RA. Lead ingrain size frac-
tions of road-deposited sediment. J Environ-
mental Pollution 2003; 121:229-237.

Zhu W, Bian Bo, Li L. Heavy metal con-
tamination of road-deposited sediments in a
medium city of China. J Environmental Mon-
itoring Assessment 2008; 147:171-181.



960 15th ICHMET

SOURCES, EMISSIONS AND CONTROL OF HEAVY METALS

Biosorption of Nickel Ion onto Brown Algae Fucus Serratus 
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Abstract

Various industries use heavy metal due to their technological importance and
applications: metal processing, electroplating, electronics and a wide range of chemical
processing industries. Before being released in the environment, the treatment of the
contaminated wastewaters is of great importance since heavy metal ions accumulate in
the living species with a permanent toxic and carcinogenic effect. The most commonly
treatment processes used include chemical precipitation, oxidation/reduction, ion
exchange, reverse osmosis and solvent extraction. Each process presents advantages and
disadvantages, but in the past few years, extensive research has been undertaken to
develop green, alternative and economic adsorbents. Indeed, biosorption has emerged as
a potential and alternative to existing techniques and is yet a subject of extensive stud-
ies. However, more efforts have to be made in the study and applications of these low
cost adsorbents in metal removal processes. 

The first aim of this study is to characterize the physico-chemical properties of dry
Fucus serratus and to evaluate the adsorption of copper onto brown algae. 
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Abstract

The excessive release of heavy metals into the environment is a major concern
worldwide. Adsorption process is among the most effective techniques for heavy metals
removal. Therefore, this study was carried out to examine the potential and effectiveness
of activated carbon prepared from apricot stone to remove, particularly Nickel (Ni) and
Copper (Cu) through adsorption from the prepared solution respectively. Batch equilib-
rium sorption technique was applied for removal of Nickel and Copper. The effect of con-
tact time, PH, dosage of activated carbon, and adsorption isotherm of selected heavy
metals investigated. 
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Introduction
The discharge of metal ions in industri-

al effluents is of great concern because their
presence and accumulation can have toxic or
carcinogenic effects on living species. At least
20 metals are classified as toxic, and half of
these are emitted into the environment in
quantities that show risk factors to human
health. Chromium has both beneficial and
detrimental properties. Two stable oxidation
states of chromium persist in the environ-
ment, Cr(III) and Cr(VI), which have con-
trasting toxicities, mobilities and bioavail-
abilities. Cr(III) is necessary for glucose
metabolism in human nutrition, whereas
most of the hexavalent compounds are toxic.
While Cr(III) is relatively innocuous and
immobile, Cr(VII) moves readily through
soils and aquatic environments and is a
strong oxidizing agent capable of being
absorbed through the skin. Chromium and
its compounds are widely used in electroplat-
ing, leather tanning, cement, dyeing, metal
processing, wood preservatives, paint and
pigments, textiles, steel fabrication, and can-
ning These industries produce large quanti-
ties of toxic wastewater effluents. 

Materials and Methods
The tests were carried out at the chem-

ical laboratory of the Islamic Azad Universi-
ty, North Tehran Branch, Tehran, Iran.

Preparation of Biomass
Dried Biomass

Sargassum sp., a brown macroalgae,
was collected from the Persian Gulf on the
coast of Queshm, Iran. The biomass of alga
was transferred to the laboratory, washed
with double-distilled water to wash out any
mineral contaminants, and dried in the sun.
The dried biomass was ground in a laborato-
ry blender and sorted by sieving using stan-
dard test sieves.

Activated Carbon
A small portion of the dried Sargassum

sp. was added to 400 ml of 98% H2SO4, and
the resulting mixture was kept for 24 h at
room temperature. The reaction mixture
was filtered. The filtrate was washed repeat-
edly with double-distilled water until the pH
of the activated carbon reached 6, dried in an
oven at 150°C for 48 h, and kept in a glass
bottle until used.

Column Experiments
Continuous-flow sorption experiments

were conducted in a glass column with an
internal diameter of 2 cm and length of 35 cm.
At the bottom of the column 10 mm of stain-
less steel was attached, followed by cotton.

Preparation of Synthetic Solution 
The stock solution of Cr6+ (1000 mg L-1)

was prepared in deionized water with potas-
sium dichromate (K2Cr2O7). All working
concentrations were obtained by diluting the
stock solution with deionized water, and pH
was adjusted to the desired values according
to the following experimental design with
1 M HCl and 1 M NaOH solutions.

Investigation of Cr(VII) Adsorption for Filtration 
by Dried Brown Alga Sargassum sp. and its Activated Carbon

A. Esmaeili

Department of Chemical Engineering, North Tehran Branch, Islamic Azad University,
P.O. Box 1969633651, Tehran, IRAN. akbaresmaeili@yahoo.com

Abstract
In this research, the batch removal of toxic hexavalent chromium ions from waste-

water and aqueous solution using dried (BD) Sargassum sp (brown marine algae) and acti-
vated carbon (AC) prepared from it was examined. Both methods used different pH, bio-
mass, and initial concentration of Cr6+, and adsorption models and kinetic studies were
investigated. The maximum efficiencies of Cr6+ removal were 83.55% and 91.98% for BD
and AC, respectively. The experimental adsorption data were fitted to the Langmuir adsorp-
tion model. The chromium (VI) uptake by the biosorbents was best described by a pseudo
second-order rate model. Kinetic studies showed that the heavy metals uptake was done
more rapidly by the AC Sargassum sp .as compared to the BD algae. The AC developed from
the BD biomass exhibited high biosorption capacity. The adsorption capacity was related to
the pH of the solution, pH 2.0 being optimal for Cr6+. The maximum efficiency of chromi-
um (VI) removal was achieved with the AC method. 

Key words: Filtration, Sargassum sp., activated carbon, adsorption, algae, biosorbent. 
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Determination of the Cr(VII) Contents
Concentration of Cr6+in the solution

before and after the equilibrium was deter-
mined using a PerkinElmer Analyst 300
atomic absorption spectrometer equipped
with a deuterium lamp as the background
corrector and an air-acetylene burner, and
controlled by an IBM personal computer.
The hollow cathode lamp was operated at 15
mA, and the analytical wavelength was set at
324.8 nm.

Adsorption Experiments
A series of flasks containing dichro-

mate solutions varying in concentration
from 10 to 60 mg/L was prepared from the
stock solution. Adjustment of pH was car-
ried out using 1 N NaOH and 1 N H2SO4.
Batch equilibrium sorption experiments
were carried out in Erlenmeyer flasks for 120
min (0.2-0.8 g of biomass, 30 mL of metal
solution) in a rotary shaker. These experi-
ments were done at pH 2.0-9.0. After the
sorption equilibrium was reached (120 min),
the solution was separated from the biomass
by membrane filtration. The initial and
equilibrium chromium concentrations in
each flask were determined by atomic
absorption spectrometry (AAS). To maxi-
mize Cr removal by the adsorbent, batch
experiments were conducted at a constant
temperature using the optimum conditions
of all pertinent factors, such as dose, pH, ini-
tial concentration, and contact time. Subse-
quent adsorption experiments were carried
out using only the optimized parameters.    

Results and Discussion
The present study shows that AC and

BD prepared from brown algae Sargassum
have an ability to remove Cr6+ from con-
taminated water. The data obtained from
this work supports the view that the AC is an
effective and low-cost adsorbent for the
removal of Cr6+ from aqueous solutions.
The adsorption of metal ions is dependent
on AC, concentration of metal ions, reten-
tion time, and pH of the metal solution.

Effect of pH on Adsorption
The initial pH of the metal solution is

an important parameter affecting adsorption
of metal ions. The effect of initial pH on the
removal of Cr6+ using AC and BD prepared
from Sargassum were studied (Fig. 1). It is
clear that the removal of Cr6+ decreased
with an increase in pH from 1.0 to 9.0, and
an optimum pH of about 2.0 was observed.
In previous literature, similar observations

have been reported for filtration at different
pH. 

Adsorption of Cr6+ below pH 3.0 sug-
gests that binding of the negatively charged
chromium occurred through electrostatic
attraction to the positively charged function-
al groups on the surface of the sorbent cell
wall due to the presence of more functional
groups carrying positive charge at pH < 3,
while at pH > 3 the sorbent cell wall possess-
es more groups carrying a net negative
charge that repulses the metal anions. There
was a removal at pH > 3.0, but the rate of
removal was reduced, which could be consid-
ered to be due to the presence of physical
adsorption on the surface of the sorbent.  At
low pH, on the other hand, Cr(VII) had a
higher redox potential and favored Cr(VI)
bioreduction.

Figure 1. Effect of pH on sorption of 10 mg L-1
Cr6+ after 60 min by AC and BD prepared
from Sargassum sp.

In addition, reductions in the biomass
such as carbohydrate and protein could sup-
ply electrons for Cr(VI) bioreduction, with
partial release of soluble organics or the final
oxidized product.

Effect of Retention Time
Results indicate that removal efficien-

cy increased with an increase in contact time
before equilibrium was reached. Other
parameters such as dose of adsorbent, pH of
solution, and initial concentration were kept
optimum, while temperature was kept at
25oC. It can be seen that Cr removal effi-
ciency increased when contact time was
increased from 15 to 120 min. Optimum
contact time for both dried and activated car-
bon biosorbent was found to be 120 min. In
previous literature, similar findings have
been reported by the evaluation of the
marine alga Gracilaria corticata for the
adsorption of Cu(II) from wastewater in a
packed column (Esmaeili et al. 2008).
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Effects of Biosorbent Dose
The dependence of Cr6+ sorption on

dose was studied by varying the amount of
adsorbents from 0.2 to 0.8 g while keeping
other parameters (pH, initial concentration,
and contact time) constant. From the results
it can be observed that removal efficiency of
the adsorbent generally improved with
increasing dose. This is expected due to the
fact that the higher dose of adsorbents in the
solution provides greater surface area, and
more pore volume will be available for the fil-
tration.

Effect of Metal Ion Concentration
The initial concentration of metal ions

provides an important driving force to over-
come all mass transfer resistances of metal
ions between the aqueous and solid phases
(Esmaeili and Ghasemi 2009). Fig. 2 repre-
sents the effect of different initial concentra-
tions of Cr6+ 10-60 mg/L on biosorption of
Cr6+ using dried Sargassum and its AC.

Adsorption Isotherm
Adsorption isotherms are important

for describing how an adsorbate will interact
with an adsorbent and are critical in the use
of adsorbents. Equilibrium studies on
adsorption isotherms are characterized by
certain constants whose values express the
surface properties and affinity of the adsor-
bent. Equilibrium between adsorbent and
adsorbate is described by adsorption
isotherms, usually the ratio between the
quantity adsorbed and that remaining in the
solution at a fixed temperature (23 2oC), at
equilibrium. To study the adsorption
isotherm, two models were analyzed.

Langmuir and Freundlich Isotherms
The Langmuir adsorption isotherm is

the most widely applied adsorption
isotherm. A basic assumption of the Lang-
muir theory is that adsorption takes place at
specific homogeneous sites within the adsor-
bent. 

The applicability of the empirical Fre-
undlich isotherm was also analyzed based on
the sorption on a heterogeneous surface,
using the same set of experimental data of
dried brown algae and its activated carbon.
The isotherm experimental results showed
the data could be well modeled according to
the Langmuir and Freundlich adsorption
isotherm. The Langmuir constant (qmax) is
dependent on experimental conditions such
as solution pH. Another importance in eval-
uating sorbent performance is the initial gra-
dient of the adsorption isotherm, since it
indicates the sorbent affinity at low metal
concentrations. In the Langmuir equation,
this initial gradient corresponds to the affin-
ity constant (b). As we can see from Table 1,
data could be well modeled according to
either the Langmuir or Freundlich adsorp-
tion isotherm. In previous investigations, a
similar method using the marine algae
Gracilaria for the biosorption of Ni(II) has
been reported (Esmaeili and Ghasemi 2009).

Kinetic Modeling
The Lagergren first-order rate constant

(k1,ads) and qe determined from the model
indicated that this model failed to estimate
qe since the experimental values of qe dif-
fered from those estimated. Subsequently,
the rate of uptake of Cr6+onto the biomass
increased quickly to 120 min, and no further
adsorption was observed beyond this period. 

Table 1. Langmuir and Freundlich constants for biosorption of Cr6+ using BD and AC from
Sargasso sp.
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The Cr6+ uptake by the biosorbents was
best described by the pseudo second-order
rate model.

The pseudo second-order model is
based on the supposition that adsorption fol-
lows a second order, which means the rate of
occupation of adsorption sites is proportion-
al to the squares of the number of unoccu-
pied sites (Karthikeyan et al. 2007; Ho and
McKay 1999). 

In previous literature for the evaluation
of the AC prepared from the algae Gracilaria
for the adsorption of Cu(II) the adsorption
follows the second-order rate expression
(Esmaeili et al. 2008).

Adsorption Equilibrium
The isotherm experimental results

showed that the data could be well modeled
according to the Langmuir and Freundlich
adsorption isotherms. The Langmuir con-
stant (qmax) is dependent on experimental
conditions such as solution pH. Another
important factor in evaluating sorbent per-
formance is the initial gradient of the adsorp-
tion isotherm, since it indicates the sorbent
affinity at low metal concentrations. In the
Langmuir equation, this initial gradient cor-
responds to the affinity constant (b). The
Freundlich and Langmuir isotherm con-
stants were obtained and are presented in
Table 1. 

Conclusions
1. The batch removal of toxic hexava-

lent chromium ions from wastewater and
aqueous solution using dried brown alga Sar-
gassum sp. and its activated carbon were
examined. 

2. The chromium uptake was depend-
ent on the equilibrium pH and chromium
concentration, with pH = 5.0 being the opti-
mum pH value. 

3. Batch equilibrium sorption experi-
ments were carried out in Erlenmeyer flasks
for 120 min (0.4, 0.6, and 0.8 g of biomass;

30 mL of metal solution) in a rotary shaker.
These experiments were done from aqueous
Cr6+ solutions with initial concentrations
ranging from 10 to 50 mg L-1 for AC and BD,
using pH of 5.0.

4. The maximum efficiencies of
chromium removal were 83.55% and
91.98% for BD and AC prepared from Sar-
gassum sp.

5. The experimental adsorption data
observed agreed with the Langmuir adsorp-
tion model.

6. The chromium (VI) uptake by the
biosorbents followed a pseudo second-order
rate model. 

7. The AC method involves expense,
but by reason of its high efficiency can be
used in biofilters.
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Abstract

This study focused on the removal of heavy metals from wastewaters by natural
limestone. The adsorption of toxic ions, Pb(II), Cd(II), Cu (II), and Zn(II) using reagent
solutions was studied in a batch system. The sorbent, collected from the Late Cretaceous
limestone beds, Tunisia, was characterized by X-ray diffraction (XRD), chemical analy-
sis (XRF), infrared spectroscopy and thermal analysis (TG/DTA). Specific surface areas
and pore size distribution were also determined from nitrogen adsorption isotherms. 

XRF showed that the studied limestone contained high amount of calcium carbon-
ates. XRD confirmed the presence of quartz along with the sharp peaks of calcite. FTIR
spectra indicated that limestone was mainly composed of calcite, as identified by its
main characteristic absorption bands. These data confirmed the results obtained from
XRD and XRF analyses. TG/DTA curves of limestone samples exhibited an endothermic
peak between 600 and 760 °C attributable to the decomposition of carbonates. The spe-
cific surface area was lower than 6.25 m2/g. 

Preliminary adsorption tests indicated that high removal efficiency could be
achieved by limestone. The presence of impurities enhanced the adsorption capacity.
Kinetic experiments showed that the sorption of metal ions was very fast at low coverage
and the equilibrium was approached within 60 min. The results best fitted the second
order kinetic model with the rate constant in the range of 0.63 to 19.17 g mg-1 min-1.
From these results, it could be assumed that Late Cretaceous limestone is expected to be
an economical product for the removal of toxic heavy metals from wastewaters.
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Abstract

Pollution by toxic metal compounds is a deep concern in all industrial countries.
Removal of cadmium (II) from aqueous solutions was studied using steam activated carbon
prepared from date stems. This agricultural by-product is available in large amount in Algeria.

Different treatments were tested in order to obtain a stable adsorbent that could be
suitable for industrial use under a broad range of operational conditions. The treatments
employed were chemical cross linking with phosphoric acid.

Batch adsorption experiments were performed as a function of contact time, pH, tem-
perature, adsorbent dose, and cadmium concentration. The equilibrium was achieved less
than 60 min. The effect of pH on adsorption equilibrium was studied at values ranging from
1 to 6, demonstrating the importance of this parameter for an accurate evaluation of the
adsorption process. Maximum adsorption was found for pH equal to 6. Cadmium adsorp-
tion increases slightly with rise in temperature suggesting an endothermic adsorption and
the thermodynamic parameters are evaluated.The equilibrium adsorption isotherms of
Langmuir, Freundlich and Dubinin-Radushkevich, were tested for the quantitative descrip-
tion of the cadmium uptake. 

The adsorption kinetic data was fitted with first and second order kinetic models; it
was concluded that the cadmium adsorption kinetics of activated carbon was well explained
by second order kinetic model rather than first order model. A pseudo-second order model
showed to be able to reproduce experimental data points with accuracy. 

The results obtained revealed that the cadmium are considerably adsorbed on activat-
ed carbon prepared from date stems and it could be an economical method for the removal
of cadmium from aqueous systems. 

[1] M. Nadeem, M. Shabbira, M.A. Abdullah, S.S. Shah, G. Mc Kay, Sorption of cad-
mium from aqueous solution by surfactant-modified carbon adsorbents, Chemical Engi-
neering Journal 148 (2009) 365-370.

[2] Hengpeng Ye, Qing Zhu, Dongyun Du, Adsorptive removal of Cd(II) from aqueous
solution using natural and modified rice husk, Bioresource Technology
doi:10.1016/j.biortech.2010.02.027.
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ions from aqueous solutions using activated carbon prepared from olive stone by ZnCl2 acti-
vation, Bioresource Technology 99 (2008) 492-501.
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mium (II) from aqueous solution by illitic clay as a low-cost adsorbent, Desalination
doi:10.1016/j.desal.2009.06.079.

[5] Kwang Cheol Kang, Seung Soo Kim , Jong Won Choi , Soo Han Kwon, Sorption of
Cu2+ and Cd2+ onto acid- and base-pretreated granular activated carbon and activated car-
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[6] M. Madhava Rao, A. Ramesh, G. Purna Chandra Rao, K. Seshaiah, Removal of cop-
per and cadmium from the aqueous solutions by activated carbon derived from Ceiba pen-
tandra hulls, Journal of Hazardous Materials B129 (2006) 123-129.
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Introduction
The material of water supply pipelines

plays a central role in the uptake of man-
ganese from water into sediments via the for-
mation of biofilm on the internal surface of
pipeline (Schock et al., 2008). The biofilm
enhance nutrient uptake into the microor-
ganism community, both as a consequence
of the physical property of the pipe and by
the ability of the microorganisms to mobilize
nutrients from water solution through the
action of extracellular enzymes (Cerrato JM,
et al., 2006). In addition to acquiring essen-
tial micronutrients, iron bacteria are also
very efficient at taking up and accumulating
microelements (Pushkareva and Skiter,
2002). Unfortunately, this ability includes
accumulating nonessential elements (Ljung
et al., 2007) and heavy metals, particularly
manganese. This can have important conse-
quences for the retention, mobility and

availability of these elements in the water
intended for human consumption (European
Commission Council, 1998; WNO, 2004).

The aim of the present study was to
investigate the behavior of the manganese
ions in pipelines sediments, water supply
using different materials. 

Materials and Methods
The studied site was located in capital

of Lithuania, Vilnius and the experiment
was laboratory scaled and carried out at the
small size pipelines model consist of differ-
ent materials (steel and plastic). The experi-
mental pipelines system was made from dif-
ferent material pipes, it included: new galva-
nized steel pipe, 25 years old steel pipe and
polyethylene (PE) pipe. In certain experi-
mental pipeline system was maintained per-
manent water circulation. Circulating water
was prepared from ground water of Antaviliai 

Presence and Fate of Manganese Substances in Potable Water
Treatment and Supply Systems

M. Valentukeviciene1, A. Kazlauskiene2, A. Amosenkiene1
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Abstract
A wide range of material sources may potentially contribute to contaminant loads in

potable water. The ability of water supply systems to act as emission control barriers for tap-
water micro pollutants, thereby providing environmental benefits in addition to potable water
savings, have not been fully explored. This paper investigates the sources, presence and poten-
tial fate of a selection of manganese micropollutants in laboratory scaled water supply systems.
All of the investigated compounds are listed under the European Council Directive 98/83/EC
on the quality of water intended for human consumption (1998) and World Health Organiza-
tion Guidelines for Drinking-water Quality (2004). Significant water quality changes are iden-
tified. A wide range of potential treatment trains are available for water treatment and reuse
but treatment efficiency data for manganese substances is very limited. Hydro- chemical mod-
eling indicates that manganese substances removal during water treatment is likely to be pre-
dominantly due to EC Directive manganese concentration requirement, with only minor con-
tributions to the water supply network. Manganese compounds are resistant to biodegradation
and as the majority of conventional groundwater treatment plants periodically supply water
with manganese residual to the potable water distribution system; water treatment is unlike-
ly to act as a comprehensive manganese compounds emission barrier. Hence, it is important
to ensure that other manganese sources control options (e.g. pipelines materials, manganese
substance emission, and groundwater sources controls) for potable water supply continue to be
pursued, in order that manganese compounds emissions from these sources are effectively
reduced and/or phased out as required under the demands of the European Council Directive
98/83/EC on the quality of water intended for human consumption.

Key words: manganese, water supply, water quality, pipelines, users taps.



990 15th ICHMET

SOURCES, EMISSIONS AND CONTROL OF HEAVY METALS

field experiments and laboratory experi-
ments with a good nutrient supply.

The results provide some new insights
into the use of transfer factors or concentra-
tion ratios. The transfer of manganese from
pipelines biofilm to the water supply raised
some particular questions about possible
transfer mechanisms.

Conclusions
The concentrations of the three nitro-

gen compounds elements NO3
-, NO2

- and
NH4+ and the manganese concentration of
the supplied water were determined in vari-
ous components of water retention time?
plastic (PE), new steel with anticorrosive
layer and 25 years old pipes. The biofilm-
water interface fraction was found to be dis-
tinctly enriched with manganese and iron
compared with bulk phase. Manganese con-
centration increased in the order: bulk
phase-water stagnation phase, while concen-
tration increased in the order: bulk phase-
tap water. Manganese was more or less even-
ly distributed within bulk phase, biofilm and
water-biofilm interface fractions, indicating
no manganese enrichment of those pipes
compartments. The uptake of nitrites,
nitrates and ammonium during the entire
transfer process between biofilm and water
found to occur against a concentration gradi-
ent. For two nitrogen compounds studied,
the levels of nitrates and ammonium were at
least one order of magnitude higher in water

phase compared with attached biofilm.
Manganese uptake seemed to be regulated by
microorganism's nutritional demands for
this element. 

References
European Commission Council.

Council Directive 98/83/EC of 3 November
1998 on the quality of water intended for
human consumption
1998/83/31998L0083/1998 Official Journal
L'1998 nr.330-32.

Cerrato JM., Reyes LP, Alvarado CN,
Dietricha AM. Effect of PVC and iron mate-
rials on Mn(II) deposition in drinking water
distribution systems. Water Research  2006.
40: 2720 - 2726.

Ljung K,  Vahter M. Time to Re-evalu-
ate the guideline value for manganese in
drinking water? (Review). Environmental
Health Perspectives 2007.  115.11: 1533(6).

Pushkareva G. I., Skiter N. A. Possibil-
ities of manganese ore use in water treat-
ment. Journal of Mining Sciences 2002. Vol
38, Nr 6: 618-621.

Schock MR, Hyland RN, Welch MM.
Occurrence of Contaminant Accumulation
in Lead Pipe Scales from Domestic Drink-
ing-Water Distribution Systems. Environ.
Sci. Technol., 2008, 42 (12), pp. 4285-4291

World Health Organization. Guide-
lines for drinking-water quality, third edi-
tion. Volume 1 -Recommendations. Gene-
va. World Health Organization 2004. 494 p.



99115th ICHMET

SOURCES, EMISSIONS AND CONTROL OF HEAVY METALS

The Use of Lead Isotopic Values in Mosses for Identification 
of Local and Long Range Atmospheric Pollution Sources 

in Lithuania
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Abstract

According with growing demand in reduction of atmospheric pollution it is impor-
tant to have more precise methods for identification of pollution sources and their char-
acteristics. The lead isotopic ratious usually very dependant from origin of emission
source. [1,2]. Moss samples from 141 evenly distributed background places were collect-
ed during 2005 year moss survey in Lithuania. Atmospheric deposition is the main
source of nutrients for mosses [3]. More then 95 % lead in them comes from atmosphere
[4]. Lead concentrations and isotopic ratious of 204Pb, 206Pb, 207Pb, 208Pb isotops
were measured in samples using ICP-MS method. Gradients of lead concentration and
ratious were calculated for the territory of Lithuania. It was shown that long range trans-
port is the main atmospheric pollution source for Lithuania. Some local pollution
sources were identified from gradients of isotopic ratious. Air masses from Scandinavic
region were least polluted. 

[1] Witt M., Baker R., Jickells T.Geophysical Research, Vol. 9, 01759 (2006).
[2] Bollhofer, A., Rosman, K. Geochim. Cosmochim.Acta 65 (11), 1727- 1740 (2001).
[3] Ross, H. Water, Air and Soil Pollution 50, 63-76 (1990).
[4] Gjengedal, E, Steinnes E. Environ. Monitoring and Assessment, 14, 77-87 (1990).
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Introduction
Metallothioneins (Mts) belong to the

group of low molecular (6-7 kDa) cytosolic
termostable proteins of high cysteine con-
tents (30%) and contain no aromatic amino-
acids (Dabrio et al., 2002, Amiard et al.,
2006; Wilczek et al., 2008). The protein
have been found in vertebrates, invertebrates
and plants. They are constantly present in
organisms living in optimal conditions, but
under increased metal concentration in the
environment their synthesis increases (Ami-
ard et al., 2006). The presence of cysteine -
SH groups causes their high affinity to metal
ions. The proteins bind both biogenic (Cu,
Zn) and toxic (Cd, Pb, Hg) metals, what is
connected with their biological role. This
includes the regulation of homeostasis of
biogenic elements, necessary in metaloen-
zymes synthesis, and elimination of the
excess of the elements. They take part in the
detoxication of xenobiotic metals. The
induction of metallothionein is a biochemi-
cal response to high metal concentration in

the environment. The mechanism efficient-
ly protects organisms against metal pollu-
tion but it is also useful as a biomarker of
exposure to heavy metals (Dabrio et al.,
2002; Yudkovski et al., 2008). 

Spiders inhabit such environments as
forests, meadows, human settlements,
sandy and rocky places as well as water
ecosystems. They control the quantity of
insect populations due to their low food
specificity and hunting intensity (Nentwig,
1987). As secondary consumers they are
especially exposed to metals in their food.
High concentration of metals in their body
places them among co-called macroconcen-
trators of metals. The elements enter spi-
ders' body through the alimentary tract and
they are accumulated mainly in midgut
glands as mineral granules (Hopkin, 1986).
The time of storage depends on various fac-
tors such as spider gender and species, its
nutritional status and kind of metal (Wil-
czek, 2008). The granules can be either
stored lifelong or removed holocrynically 
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Abstract
Spiders inhabiting post industrial environments, such as waste heaps or ore-bearing

areas, are exposed to high concentrations of metals, accumulated in the body of their prey.
The survival and reproductive success of the predators depend on the strategy of metal neu-
tralization. Although they are generally recognized as macroconcentrators of metals, what is
especially true for actively hunting spiders, some groups of spiders, mainly web-building
species, eliminate the excess of the xenobiotics. Both strategies require the synthesis of
metal-binding molecules such as metallothioneins (Mts). The low-molecular, multifunc-
tion protective proteins, often postulated as biomarkers of metal exposure are still not well
recognized in spiders yet. The aim of this study was to asses quantitatively and qualitative-
ly, by immunodetection method, Elisa, the concentration of metallothioneins in various
spider species (web building Araneus diadematus (Araneidae), Agelena labyrinthica (Age-
lenidae), Linyphia triangularis (Linyphidae) and actively hunting Xerolycosa nemoralis
(Lycosidae) differing in hunting activity, diet composition and life activity. Adult males and
females were collected from three variously polluted areas in southern Poland: Olkusz, ore-
bearing post industrial site; Katowice-Wełnowiec: post metallurgic waste heap, Pilica: the
reference, rural, area. The concentration of metallothioneins has been analyzed in relation
to the metal concentration in spiders body. The analysis of results obtained shows a strong
species-dependence of the Mts level, with the highest concentration in L. triangularis and
stage-dependence with the lowest Mts concentration in eggs. The correlations of Mts con-
centration and metals level in studied spider species has been also discussed.

Key words: Elisa, heavy metals, metallothioneins, spiders
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into gut lumen and excreted (Hopkin, 1986).
Both strategies: storage or elimination require
the synthesis of metal binding molecules,
such as metallothioneins. Therefore the aim
of this work was to asses the role of metalloth-
ioneins in metal neutralization in various spi-
der species differing in hunting strategy and
intensity, diet composition and life activity in
relation to metal pollution of their habitats.

Materials and Methods.
Five spider species, abundantly inhab-

iting polluted environments, were chosen for
this study. Web building Araneus diadema-
tus, (Araneidae) build large orb webs high
above the ground and feed mainly on flying
insects such as Diptera and Lepidoptera.
Agelena labyrinthica (Agelenidae) spreads
its webs close to the ground and hunts main-
ly for Coleoptera, Hymenoptera, Brachycera
(Wilczek, 2008). Linyphia triangularis,
(Linyphiidae) constructs its horizontal webs
among branches of bushes and pine trees
and eats mainly Nematocera and
Homoptera. Xerolycosa nemoralis (Lycosi-
dae) is an active hunter that moves on the
surface of soil, and its diet consists mainly of
larval stages of Diptera, Collembola,
Coleoptera and Hymenoptera. Adult males
and females were collected from three vari-
ously polluted areas in southern Poland:
Olkusz, ore-bearing post industrial site;
Katowice-Wełnowiec: post metallurgic waste
heap, Pilica: the reference, rural, area. 

Metallothioneins were measured by
enzyme-linked immunosorbent assay follow-
ing the protocol optimized for spiders. Mouse
Metallothionein monoclonal antibody
(Stressgen), goat anti-mouse IgG Polyclonal
Antibody, AP Conjugate (Stressgen) and p-
nitrophenylephosphate (Sigma) as a reaction
substrate. The color intensity, reflecting the
concentration of metallothionein calculated
according to metallothioneine standard
curve, was measured using Tecan Infinite
M200 microplate reader at 405 nm. Metal-
lothionein concentration was expressed as %
of total protein. Protein concentration was
assayed according to Bradford (1976). 

Metal concentration was measured
with a Solaar Unicam 939 atomic absorption
spectrophotometer in an air- acetylene flame
for Zn and Cu and in a PU-93 090X graphite
furnace for Cd and Pb. Metal levels were cal-
culated on the basis of similarly prepared
Merck standards. The accuracy of determi-
nation was controlled using spiked samples

with BRC-185 bovine liver as reference
material (IRMM, Geel, Belgium). The per-
centage recovery of spiked samples was high:
93-96% for the measured concentrations of
Pb, Cd, Cu, Zn.

For statistical analyses all assays were
based on six samples, performed in duplicate.
The results were reported as mean values ±
SD. Normality was checked by the Kol-
mogorov-Smirnov test. The data were tested
for homogeneity of variance using Levene's
test of equality of error variances. Whenever a
significant effect was observed, Least Signifi-
cant Difference (LSD) test was used for post
hoc one-way analysis of variance (ANOVA).
Results with p < 0.05 were considered signif-
icant. The data were analyzed using
STATISTICA 8.0 package (StatSoft, Inc.
(2007). STATISTICA (data analysis software
system), version 8.0. www.statsoft.com). 

Results
The highest metallothionein concen-

tration for all studied spider species was
found in individuals collected from the heav-
ily polluted area of Olkusz (Table 1, 2) and it
was always was significantly, up to 30 times,
higher than in spiders from the reference
site. The animals from the waste heap in
Wełnowiec had lower Mts level than the spi-
ders from Olkusz, but it was still more than
4.5 times higher than in the control, irre-
spectively of the species. The highest Mts
concentration from among various spiders
species was found in web building L. triangu-
laris from all study sites (Table 1, 3). 

From metals studied, cadmium accu-
mulated mainly in the mid gut glands of A.
labyrinthica and X. nemoralis. In these spi-
ders concentration of the element was about
6 times higher than in the remaining spider
species from all study sites (Table 4). Among
all studied species the accumulation of cad-
mium was higher in the individuals collect-
ed in heavily polluted habitats. The level of
cadmium in spiders from Olkusz and
Wełnowiec was 2-3 times higher than in the
specimen from Pilica in each spider species
(Table 4).

The highest Cu concentration was
found in female A. labyrinthica from
Wełnowiec, significantly exceeding the val-
ues noted In individuals of the same species
from the remaining sites. In actively hunting
X. nemoralis the highest copper concentra-
tion was found in individuals from the refer-
ence site (Table 5). 
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Discussion 
Results described above suggest that

metallothionein concentration depends on
the metal level in spiders' body, related to the
level of the elements in their habitats. The
concentration of the proteins was higher in
spiders that accumulated higher amounts of
the metals in their bodies. However, the rela-
tionship is more distinct for cadmium than
for copper concentration in spiders' midgut
glands. This might suggest that Cd is a more
potent factor that stimulate the synthesis of
metallothionein in spider. Similar conclu-
sions were made by Eraly et al. (2010) who
studied metallothionein-like proteins in Par-
dosa santans (Lycosidae) exposed from pol-
luted and unpolluted sites, exposed addi-
tionally to Cd in the diet. The increase of
MTLP level was caused by the exposure of
the spiders to cadmium. In this study such
relationship was revealed mainly for females
X. nemoralis (Lycosidae) and A. labyrinthica
(Agelenidae). This confirms the role of met-
allothionein as a metal-storing agent, at
least in relation to xenobiotic metal, cadmi-
um. It is generally known that cadmium-
storing granules in invertebrates contain
also the products of decomposition of mole-

cules with sulphydryl groups (Brown 1982,
Hopkin, 1989). Unlike actively hunting X.
nemoralis and tunnel web building A.
labyrinthica, two other spider species, L, tri-
angularis and A. diadematus, collected in the
reference site accumulated lower amount of
cadmium and had relatively low metalloth-
ionein concentration, but in polluted areas,
in spite of low level of cadmium in their
body, the concentration of metallothioneins
is very high. Especially L. triangularis, accu-
mulating the lowest amounts of both metals
in the midgut glands, has the highest con-
centration of Mts from all studied spiders
species. The highest value of Mts concentra-
tion among all species and sites was revealed
in L. triangularis from heavily polluted
Olkusz, while its cadmium and copper con-
centration was lower than the remaining spi-
der species. This may be possibly explained
by the fact that metals, before being removed
from the organism have to be neutralized
and inactivated by specific molecules. This
mechanism protects the organism against
high toxicity of metals such as cadmium,
having high affinity to crucial molecules
including nucleic acids, enzymes and hor-
mones. In heavily polluted areas, for many

Table 2. Inter-site differences in Mts concentra-
tion within females of web building spider species.

X indicates statically significant difference at
p<0.05 (LSD, ANOVA)
A.d.: A. diadematus, A. lab.: A. labyrinthica,
L. tr.: L. triangularis
W: Wełnowiec, O: Olkusz, P: Pilica

Table 3. Inter-species differences in Mts con-
centration within females of web building spi-
ders collected at three variously polluted sites.

X indicates statically significant difference at
p<0.05 (LSD, ANOVA)
A.d.: A. diadematus, A. lab.: A. labyrinthica,
L. tr.: L. triangularis

A.d.: A. diadematus, A.q.: A. quadratus, L. tr. L. triangularis, A. lab.: A. labyrinthica, X. n.:
X. nemoralis.
F: female, M: male 

Table 1. Metallothionein concentration expressed as % of total protein (mean ± SD) in
female and male spiders of five species collected at three variously polluted areas.
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generations the spiders has been exposed to
metal concentrations that largery exceed the
levels in unpolluted environments. This
probably could result in a kind of preadapta-
tion connected with an elevated synthesis of
metallothioneins in such spiders as L. trian-
gularis and, to less extent, A. diadematus.
This question can be possibly explained by
results of Wilczek et al. (2008) who meas-
ured, using flow cytometry, the % of Mts-
positive cells in midgut glands of spiders
from variously polluted sites.

Conclusions
The studies demonstrate an important

role of metallothioneins in the neutraliza-
tion of toxic metals in spiders organisms,
both in the elimination and accumulation
strategy. The strategy depends on the species
of the spider and, is, probably related to the
type of victims, hunting method, life span
and activity. 
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104515th ICHMET

HEAVY METALS IN THE HISTORICAL POLLUTION RECORD

Introduction
The snow and ice offer valuable oppor-

tunities to reconstruct a unique record of
changes in atmospheric compositions over
time. In this context, there have been many
efforts to unravel the pollution history by
various trace elements from snow and ice
cores retrieved from various locations in
polar region and middle latitudes in the
Northern Hemisphere (e.g., Hong et al.,
1994; Krachler et al., 2008; McConnell and
Edwards, 2008; Schwikowski et al., 2004).
These investigations have provided useful
time series that document man-made per-
turbation to atmospheric trace element
cycles over tens of hundreds of time periods.

In contrast, comparatively little is
about the evolution of atmospheric trace ele-

ment cycles in Asia, despite the fact that
Asia has become the largest emission source
of trace elements into the atmosphere as a
result of rapid economic and industrial
developments (Pacyna and Pacyna, 2001).
Very recently, century scale time records for
As, Mo, Sn, Sb, Bi, U, and Cs were obtained
from the analysis of Mt. Everest ice cores
(Hong et al., 2009; Kaspari et al., 2009).
They revealed that significant atmospheric
pollution for these elements took place dur-
ing the second half of the 20th century in
response to increasing emissions of anthro-
pogenic pollutants largely from fossil fuel
combustion and non-ferrous metals produc-
tion in central Asia.

We present here the historical record of
the changing occurrence of atmospheric Cu, 

Mt. Everest Ice Core Record of Atmospheric Cu, Zn, Cd, Pb, and Pb
Isotopes Variations in Central Asia during the Past 800 Years
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Abstract
Recent century scale time records for As, Mo, Sn, Sb, Bi, U, and Cs from Mt. Everest

ice cores documented that a significant perturbation in the natural cycles of these elements
took place during the second half of the 20th century due to increasing emissions of anthro-
pogenic pollutants largely from fossil fuel combustion and non-ferrous metals production in
central Asia. To evaluate to what extent human activities in central Asia have affected the
natural atmospheric cycles of other heavy metals over time, Cu, Zn, Cd, and Pb concentra-
tions and Pb isotopes were determined at 143 depth intervals from high-altitude Mt. Ever-
est ice cores, covering an 800-year time period from 1205 to 2002 AD. This is the first reli-
able long-term time series of changes in the occurrence of Cu, Zn, Cd, and Pb and Pb iso-
topes in the remote Himalayan atmosphere. Our data show that these metals were primari-
ly of natural origin up until the 1960s and significant increases in concentrations and crustal
enrichment factors are observed from the 1970s onward. Such changes are attributed to
massive emissions of anthropogenic Cu, Zn, Cd, and Pb from various anthropogenic
sources in India. The Pb isotopic compositions provide clear evidence that anthropogenic Pb
emitted from the use of leaded gasoline and coal combustion in India has affected the remote
Himalayan atmosphere.

Key words: Trace elements, Mt. Everest ice core, anthropogenic perturbation, Pb isotopes
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Zn, Cd, and Pb evidenced from Mt. Everest
ice cores covering the last 800 years from
1205 to 2002 AD. To date, this is the first
time that these metals have been deter-
mined in high-altitude Himalayan snow and
ice for century-scale historical records.

Materials and Methods
Two firn/ice cores (108.8 m [ER-a] and

95.8 m [ER-b] in length, respectively) were
drilled on the East Rongbuk (ER) glacier on
the northern slope of Mt. Everest (28°03’N,
86°96’E; altitude 6518 m; mean snow accu-
mulation rate of 50 cm H2O yr-1) in 2002
(Hong et al., 2009). Dating of the cores was
based on a combination of several methods
such as the counting of annual layers of δD
and chemistry back to 1534 AD, at a depth
of 98 m, identification of major volcanic
events, and use of a flow model from a depth
of 98 m down to the bottom. The dating
error is estimated to be ±0 year at 1963 and
±5 years at 1534 AD and progressively
increase with depth from 98 m down to the
bottom. Details of the dating are given by
Kaspari et al. (2009) and Hong et al. (2009).

A total of 102 core sections covering
the period from 1205 to 1966 AD (26.6 to
105.7 m in depth) and 1972 to 2002 AD (1.3
to 26.5 m in depth) were selected from the
ER-a and ER-b cores, respectively. Each core
section was mechanically decontaminated
using ultraclean procedures (Hong et al.,
2000). A total of 143 samples were obtained
after dividing the inner core with more than
20-cm-long inner core length.

Aluminum, Cu, Zn and Pb concentra-
tions were determined separately using
Inductively Coupled Plasma Mass Spectrom-
etry (ICP-MS) (Perkin Elmer Sciex, ELAN
6000) and Cd using Inductively Coupled
Plasma Sector Field Mass Spectrometry (ICP-
SFMS) (Element2, Thermo Fisher Scientific,
Bremen, Germany) equipped with an Apex
high-sensitivity inlet system (Apex IR, Ele-
mental Scientific Incorporated, Omaha,
Nebraska, United States) (Hong et al., 2009).
Pb isotopic compositions were also analyzed
at Curtin University of Technology using an
isotope ratio thermal ionization mass spec-
trometer (Triton, Thermo scientific). In addi-
tion, cations (Na+, NH4

+) and anion
(SO4

2-) were determined using a Dionex 320
ion chromatograph equipped with CS 12/As
11 columns. Finally, Sc was previously meas-
ured using ICP-SFMS (Hong et al., 2009). 

Results and Discussion
The Cu, Zn, Cd, and Pb concentra-

tions determined in 143 depth intervals are
at the pg/g level with mean concentrations of
67 pg/g for Cu, 154 pg/g for Zn, 2 pg/g for Cd,
and 34 pg/g for Pb, respectively. From our
data, large variations in concentrations for
each metal are evidently linked to the short-
term (intra-annual and inter-annual varia-
tions), which is well characterized by higher
concentrations during the non-monsoon
season and lower concentrations during the
summer monsoon season as documented in
high-altitude Himalayan snow and ice (Kas-
pari et al., 2009). Such variability in concen-
trations results from the spring input of
crustal dust from central Asia during the
non-monsoon season and increased regional
precipitation during the monsoon season.

Fig. 1a shows the long-term time trends
of changes in concentrations of Cu, Zn, Cd,
and Pb during the past 800 years. For the pre-
1900 period, whilst variability in concentra-
tions is observed for all metals, this variability
does not fluctuate beyond two standard devia-
tions. In contrast, during the middle to late
20th century, concentrations increased signif-
icantly with the most pronounced increase
observed in Cd concentrations. 

To evaluate the contribution from rock
and soil dust, the crustal enrichment factors
(EF) were calculated by using both Al and Sc
as a conservative crustal element. We have
used elemental composition in Tibetan
Plateau soils as a reference crustal composi-
tion (Li et al., 2009). Fig 1b shows that EFs
are notably constant with time, with only a
few values greater than twice the standard
deviation for the pre-1900 period. The rela-
tively low mean and standard deviations of
EFs of 3.0±0.7 for Cu, 2.2±0.5 for Zn, and
2.7±1.1 for Pb, respectively, indicate that for
these metals, the contribution from rock and
soil dust is essentially important. Converse-
ly, very high mean EF value for Cd (12)
implies that Cd inputs into the remote high-
altitude Himalayan atmosphere are domi-
nated by sources other than crustal dust.
Other significant natural sources of Cd to
the atmosphere are volcanoes and continen-
tal and marine biogenic emissions (Nriagu,
1989). Our data however do not allow us to
make quantitative estimates of such contri-
butions in our samples. Despite that, a lack
of significant changes in EFs for the pre-1900
period suggests that Cu, Zn, Cd, and Pb in
our samples are principally natural in origin
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during this time, with significant contribu-
tions from rock and soil dust for Cu, Zn, and
Pb and probably from volcanic and biogenic
sources for Cd. This situation is different
from the distinct pre-1900 pollution history
for Cu, Zn, Cd and Pb in various regions of
the Northern Hemisphere as well document-
ed in ice cores from Greenland, the Canadian
Arctic, and European Alps (e.g., Hong et al.,
1994; Krachler et al., 2008; McConnell and
Edwards, 2008; Schwikowski et al., 2004).

Fig. 1b shows that significant increases
in EFs are observed during the recent
decades, with slight different patterns from
one metal to another. Compared to the other
metals, the increase ratio of the Cd EFs since
the 1970 appears the most dramatic, show-
ing the highest mean increase factor of ~6 in
the beginning of 1990s. Previous investiga-
tions of different trace elements in the same
ice core revealed that the EF values have
increased significantly for Bi, U, Cs, As, Mo,
Sn, and Sb since the middle of the 20th cen-
tury due to the influx of anthropogenic pollu-
tants of these elements, largely from fossil
fuel combustion and non-ferrous metals pro-
duction (Hong et al., 2009; Kaspari et al.,
2009). Therefore similar increases in the Cu,
Zn, Cd, and Pb EF values in our data since
the 1970s provide further evidence for rising
atmospheric pollution for these metals in the
remote high-altitude atmosphere in central
Asia during the corresponding time period.

The correlations of Cu, Zn and Pb with
respect to crustal fraction show very signifi-

cant correlations (r2 = 0.89 for Cu, 0.91 for
Zn, and 0.78 for Pb, respectively) with
respect to crustal fraction, which is likely to
reflect similar transport and deposition of
their pollutants and crustal dust probably
due to the crustal dust scavenging during the
transport from their source regions to the
high altitude Himalayan atmosphere. By
comparison, less significant correlation (r2
= 0.36) is observed for Cd. Therefore it
seems reasonable to assume that the crustal
dust scavenging of Cd pollutants is less effec-
tive during the transport and a significant
part of Cd pollutants is transported inde-
pendently of mineral dust as well as the
other metals.

Changes in 206Pb/207Pb ratio from
1900 AD to 2002 AD are shown in Fig. 2.
For the pre-1900, 206Pb/207Pb ratio ranged
from 1.191 to 1.214 with a mean value of
1.201. As seen in Fig. 2, major deviations
from background level of the 206Pb/207Pb
ratio are observed during the post-1970 peri-
od. Significantly lower 206Pb/207Pb ratios
(~1.16) occur between 1988 and 1994. Based
on the profile of major decrease in
206Pb/207Pb ratios in response to signifi-
cant increase in the Pb EFs from the 1970s
onwards, we interpret major decrease in
206Pb/207Pb ratio to be indicative of an
anthropogenic Pb input. The most probable
anthropogenic sources for Pb inferred from
Pbisotope ratios were leaded gasoline con-
sumption and coal combustion in India.

Figure 1. Changes in concentrations (a) and crustal enrichment factors (b) of Cu, Zn, Cd, and
Pb from 1205 AD to 2002 AD in ice cores from Mt. Everest. Dashed and dotted lines repre-
sent the mean value and twice the standard deviation, respectively, for each metal during the
time period prior to 1900 AD.



1048 15th ICHMET

HEAVY METALS IN THE HISTORICAL POLLUTION RECORD

Conclusion
Our data clearly show that significant

atmospheric Cu, Zn, Cd, and Pb pollution in
the remote high-altitude Himalayan atmos-
phere has occurred from the 1970s onwards.
Such atmospheric pollution is attributed to
massive emissions of anthropogenic pollu-
tants of these metals from fossil fuel com-
bustion and non-ferrous metals production
in India. The use of leaded gasoline in India
was also a large source for the increase in
anthropogenic Pb input. Increased Pb con-
centrations and EFs and lowered
206Pb/207Pb ratios during the correspon-
ding time period indicate the influence of
less radiogenic anthropogenic Pb.
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Introduction
The exploration of past climate and

environment prior to instrumental records is
based on the interpretation of archives. The
most important archives are the historical
data, polar and temperate ice sheets and gla-
ciers, tree rings, speleothems, oceanic and
lacustrian sediments, peat bogs, surface and

subsurface temperature profiles (from bore-
holes). Ice cores are definitely among the
best existing archives because they provide
information on many different parameters of
the climate system. The European Alps are a
valuable observation area for anthropogenic
emissions as they are located in one of the
most industrialised regions of the world.

High Resolution Pb Deposition over the Last Three Centuries
Obtained by a Novel Firn/Ice-Core Melter System for Continuous

ICP-QMS Trace Element Analysis
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Abstract
A new melting device for on-line decontamination and continuous analysis of alpine

firn/ice cores has been designed, built and tested. Melt water from the inner part of each ice
core section was pumped to an ICP-QMS and a conductivity micro-cell for continuous meas-
urements of trace elements concentrations and conductivity, respectively. Discrete samples
were also collected for trace elements, Pb isotopes and 239Pu determinations by ICP-SFMS
and ICP-OES. High resolution profiles of 24 elements, with more than 42,000 measure-
ments, have been obtained. Pronounced seasonal variations were observed for all  elements,
both crustal (Mg, Al) and anthropogenically enriched (Pb). To understand short-time varia-
tions, air mass back trajectories are an important parameter which must be considered. Also
the knowledge of the temperature inversion dynamics and the boundary layer features is
extremely important because they play a key role in the transport and dispersion of aerosol
and gases from low-altitude emission sources. The largest emissions of Pb through history
occurred during the 19th and 20th centuries and especially between the 1950s and 1970s. To
determine if changes observed in Colle Gnifetti core faithfully reflect changes in emissions
from nearby European countries, we have compared snow/ice data with emissions data pres-
ent in the literature. For example, from 1800 AD to the first decade of 20th century Pb con-
centrations progressively increased, reaching a maximum in the 1920s. During the 1920s Pb
concentrations suddenly halved and remained low for the next two decades. After the Second
World War, Pb depositions increased dramatically with the introduction of Pb additives in
gasoline, peaking in the mid-1970s. From 1975, Pb concentrations in Colle Gnifetti ice began
to decrease in accordance with the first environmental policies in Europe which started to
limit pollutant emissions. The 206Pb/207Pb ratio for the pre-1700 background period ranged
between 1.18 and 1.20, in agreement with the composition of local rocks. Although Pb dep-
osition on Colle Gnifetti after 1900 was almost totally due to anthropogenic emissions, the
206Pb/207Pb  ratio does not decline intensely until 1975. This is due to the average Pb iso-
topic composition of industrial emissions and gasoline additives used which was very similar
to the crustal composition in local rocks and soil. After 1975, a sudden and intense
206Pb/207Pb ratio depletion is recorded. This value reached a minimum of 1.11 in 1979-
1980. This behaviour is characteristic of the ILE experiment (Isotopic Lead Experiment), a
large scale isotopic tracer experiment using Pb isotopes that was carried out between 1975
and 1980 in the Piedmont region of northwest Italy centred on Turin.

Key words: Alps, heavy metals, glaciers, deposition
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They are heavily influenced by the presence of
international highways, industries, refuse
incineration plants and the greatest density of
winter sport infrastructure of any mountain
area. Snow deposited on the Alps documents
the effects of anthropogenic emissions in
Europe and mountain glaciers can be used as
natural archives for studying historical trends
of pollutants such as  heavy metals (Barbante
et al., 2010), and organic compounds
(Gabrieli et al., 2010). Elemental trace con-
stituents such as heavy metals show signifi-
cantly enhanced concentrations in Alpine ice
cores due to anthropogenic activities. A typi-
cal example is lead which was present during
1970s at a concentration level more than 100
times greater than in 17th century. Others
metals that are of great environmental inter-
est due to the influence of human activities
include: Co, Cr, Mo, Sb, Au, Ag, Pt, Pd, Rh,
etc. (Barbante et al., 2001; Barbante et al.,
2004). The isotopic composition of some ele-
ments (Pb, Sr, U, ecc.) could also be studied in
order to achieve information regarding the
source and the anthropogenic enrichment
level (Schwikowski et al., 2004). The extrac-
tion of glacio-chemical information from ice
cores is a challenge exacerbated by the very
low concentrations of some impurities, there-
by demanding rigorous control of external
contamination sources and very sensitive
analytical techniques. High resolution chem-
ical sampling profiles are normally required,
especially for glaciers with low annual snow
accumulation of fresh snow. The develop-
ment of continuous ice-core melting systems
(McConnell et al., 2002) over the last few
years has considerably increased the temporal
resolution with respect to the extremely labor-
intensive and time-consuming traditional
chiseling procedure .

Materials and Methods
In September 2003 two ice/firn-cores

were drilled to berdock on Colle Gnifetti,
Monte Rosa massif, in the Swiss/Italian Alps
(45°55'50'' N, 07°52'33'' E; 4,450 m a.s.l.) by a
Swiss/French/Italian team. The two parallel
cores  were drilled approximately 2 m  from
each other. Bedrock was reached at  81.9 (core
A) and 81.1 m (core B), respectively. The dat-
ing has been performed by combining several
horizons obtained from annual layer counting
(back to 1766 AD), Saharan dust strata (1977,
1947, 1936 1901 AD), volcanic eruptions
(Katmai, 1911 AD; Laki, 1783 AD), a tritium
horizon (1963 AD) and radiocarbon measure-
ments (Jenk et al., 2009). To achieve a contin-

uous chronology a two-parameter (2p-) model
was applied and the result confirmed that sev-
eral thousand years old ice is present. In this
work we discuss the upper 58 m of core (core
A) which corresponds to the last three cen-
turies. The ice core sections were transported
frozen to the University of Venice where they
were processed in a -20°C cold room. Initial
processing of the ice and firn sections assisted
the removal of contamination caused by the
drilling, handling, transport and storage oper-
ations. The core sections (core A) were cut to
a cross-section of 32x32 mm and a length of
30-70 cm, depending on the physical core
condition. Samples were cut with a modified
commercial band saw, with a stainless steel
blade and a polyethylene tabletop and guides.
All exposed ice surfaces were then scraped
with a stainless steel knife cleaned with 0.1%
(v/v) ultra-pure HNO3 (Romil, Cambridge,
UK), rinsed several times and carefully dried
after each use. This knife was used to remove
a thin layer from the surface of the ice, with
several mm of ice also removed from both
ends of each section, before being inserted
into a polyethylene holder which was then
placed on the melting head. Two 50 mm long
pieces of frozen ultra-pure water (Purelab
Ultra-Analytic, Elga LabWater, High
Wycombe, UK) were placed in the holder
adjacent to the firn/ice section, to monitor the
blank level and provide a baseline before and
after each melting procedure. The melting
system was located in a -20°C vertical freezer,
with the temperature of the melting head
maintained at 30°C by an electrical heater
connected to a thermocouple. The melt head
was made of high purity Nickel-270, with the
contamination-free sample collected in a ring
of 21 mm diameter, corresponding to about
34% of the total 32x32 mm cross-section.
Meltwater from the inner channel was split in
a PTFE T-junction. The first aliquot was
pumped to a debubbler device and then, after
on-line acidification and internal standard
addition, to a quadrupole ICP-QMS (Agilent
7500; Agilent Technologies, Tokyo, Japan) for
the continuous determination of 24 trace ele-
ments while the second aliquot was collected
in low-density polyethylene bottles (LDPE)
bottles for discontinuous sampling (Gabrieli,
2008). The external flux was introduced into
a C18 solid phase extraction (SPE) cartridge
(1g, C18 Supelco Discovery, St Louis, USA)
for the semi-continuous extraction of poly-
cyclic aromatic hydrocarbons (Gabrieli et al.,
2010). 
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Results and discussion
In Figure 1 long term variations in the

concentration of Pb and their relative enrich-
ment factors calculated using Ba as conser-
vative crustal element from the 1700s
onward are shown. 

Figure 1. Pb concentration and enrichment
factor trends over the last three centuries. 

Annual averaged concentrations still
show a pronounced year-to-year variability
due to changing meteorological conditions. In
fact, in addition to emission source strength,
the concentrations of trace elements are influ-
enced also by seasonality of precipitation and
of atmospheric transport. For Colle Gnifetti,
post-depositional effects such as wind erosion,
especially during winter also play a important
role in annual variability. To relate changes in
trace element concentrations in the firn/ice to
changes in emissions, longer periods must be
averaged to compensate for annual variability
effects. It could be assumed that 5-year aver-
ages are no longer influenced by meteorologi-
cal variability. For the pre-1900 period, averag-
ing times of 10 years were applied because less
data were available for that period be cause of
the thinning of the ice layers (Fig. 2). From
18th century Pb concentrations started to
increase with the beginning of the First Indus-
trial Revolution (1800-1850). Before 1800 Pb
concentrations remained quite low. From
1800 to the first decade of the 20th century Pb
concentrations increased progressively, reach-
ing a maximum in the 1920s (0.98 ng/g). Sim-
ilarly, enrichment factors increased from less
than10 to about 100. During the 1920s, Pb
concentrations suddenly halved, remaining at
this value (about 0.40-0.43 ng/g) for the next
two decades. The EF also decreased, to about
20. These variations are due to pre-leaded
gasoline emissions, with major contributions
from non-ferrous metal production, iron and
steel manufacturing and coal and wood com-

bustion (Schwikowski et al., 2004; Nriagu,
1998). While in the 18th and the first half of
19th centuries mining was probably the major
Pb emission source, from the middle of 19th
century a significant proportion of Pb deposi-
tion on Colle Gnifetti could be attributed to
emissions of coal burning. That results in the
first Pb peak centred at 1915-1920. The reduc-
tion from 1920 could be explained by the
spreading industrial and economical crisis in
Europe, especially in Italy, France and UK,
reaching its peak in 1929 with the American
stock market crash (the "Wall Street black
Thursday"). After the Second World War, Pb
deposition increased dramatically with the
introduction of Pb additives for gasoline. Pb
emissions in Europe peaked in the mid-1970s
with a 5-year average concentration of about 3
ng/g and an enrichment factor of more than
300. From 1975, Pb concentrations in Colle
Gnifetti ice began to decrease, in agreement
with the first environmental policies in Europe
which started to limit pollutants emissions. In
the 1970s, the West German government was
the first in Europe to regulate Pb additives in
gasoline. In 1972 the maximum Pb concentra-
tion allowed in gasoline was 0.4 g/L and it was
lowered to 0.15 g/L in 1976 (so called "low-
leaded gasoline"). In 1981 the EU fixed the Pb
limit modestly at 0.4 g/L, prohibiting all mem-
ber countries from introducing national limits
below 0.15 g/L. In 1985 , the EU mandated all
member states to offer unleaded gasoline from
1989, also recommending a maximum con-
tent of 0.15 ng/L. In 1998 the Arhus Treaty
was signed in which all the EU countries stip-
ulated the exclusive usage of unleaded gasoline
by the year 2005. 

Figure 2. Pb concentrations records as 5-years
(1900-1992) and 10-years averages (1700-
1900). 



To determine whether changes
observed in Colle Gnifetti core does faithful
reflect changes in emissions from the nearby
European countries, we have compared
snow/ice data with emissions inventories
(Pacyna and Pacyna, 2001). In Figure 3 the
Pb concentrations in Colle Gnifetti ice are
compared with the calculated Pb emissions
in France, Germany and Italy. The concen-
tration trend fits quite well wit the calculat-
ed emission for the three largest neighbour-
ing countries. The correspondence seems
better for German emissions which present
a stable value from 1960 to 1965 reflected by
a small decrease in concentration in Colle
Gnifetti core.

Figure 3. Pb concentration record as 5-year
averages and calculated emissions for Ger-
many, Italy, France. 

In Figure 4 the Pb profiles and
206Pb/207Pb changes for the last three cen-
turies are shown. The 206Pb/207Pb ratio for
pre-1700 background period ranged between
1.18 to 1.20, in accordance with the compo-
sition of local rocks sampled in Val d'An-
trona and Val d'Anzasca . During the indus-
trial revolution and especially during the
20th century a slow but steady decrease in
206Pb/207Pb ratios is recorded. Even though
Pb depositions on Colle Gnifetti after 1900
were almost completely due to anthro-
pogenic emissions, the decline in Pb isotopic
ratios is not very intense until 1975. This is
due to the average Pb isotopic composition of
additives used in gasoline which was very
similar to the crustal composition in local
rocks and soil. 

In Facchetti and Geiss (1982) is report-
ed that 206Pb/207Pb ratio before 1975 was
ranging from 1.180 to 1.192. After 1975, a
sudden and intense 206Pb/207Pb ratio
depletion is recorded. The value decreased,
reaching a minimum of 1.11 in 1979-1980.

The high resolution profile shows that the
shape of the depleted isotopic peaks is
forked, with two separate peaks centred at
1975 and at 1980. This behaviour is charac-
teristic of the ILE experiment (Isotopic Lead
Experiment). Between 1975 and 1980 a large
scale isotopic tracer experiment using Pb iso-
topes was carried out in the Piedmont region
of northwest Italy centred on Turin. The
principal goal of this experiment was to
determine the contribution of Pb from motor
vehicle emissions to human blood. It
involved the complete replacement of the Pb
in petrol, retailed in the region, with Aus-
tralian (Broken Hill) Pb (206Pb/207Pb ~
1.04) which had a distinctly different iso-
topic composition to that available at the
time (206Pb/207Pb ~ 1.18). The replace-
ment process began in August 1975 and by
1977 it was practically complete. During
1979 controls of the isotopic composition of
the petrol Pb were removed and its isotopic
ratio increased to about 1.14 by the end of
1980. The Monte Rosa region is only about
100 km from Turin and is known to be influ-
enced by air masses from this region, partic-
ularly during spring and summer.

Figure 4. Pb concentration and 206Pb/207Pb
isotopic ratio profiles over the last three cen-
turies. 

Conclusion
A new melting device for on-line

decontamination and continuous analysis of
alpine firn/ice cores has been designed, built
and tested. Melt water from the inner part of
each ice core section was pumped to an ICP-
QMS and a conductivity micro-cell for con-
tinuous measurements of trace elements
concentrations and conductivity, respective-
ly. Discrete samples were also collected for
trace elements, Pb isotopes and 239Pu deter-
minations by ICP-SFMS and ICP-OES. Melt 
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water from the outer section was extracted
on-line by solid-phase cartridges for semi-
continuous polycyclic aromatic hydrocar-
bons (PAHs) analysis. 

The largest emissions of Pb through
history occurred during the 19th and 20th
centuries and especially between the 1950s
and 1970s. To determine if changes observed
in Colle Gnifetti core faithfully reflect
changes in emissions from nearby European
countries, we have compared snow/ice data
with emissions data present in the literature.
For example, from 1800 AD to the first
decade of 20th century Pb concentrations
progressively increased, reaching a maxi-
mum in the 1920s. During the 1920s Pb
concentrations suddenly halved and
remained low for the next two decades. After
the Second World War, Pb depositions
increased dramatically with the introduction
of Pb additives in gasoline, peaking in the
mid-1970s. From 1975, Pb concentrations
in Colle Gnifetti ice began to decrease in
accordance with the first environmental
policies in Europe which started to limit pol-
lutant emissions. The 206Pb/207Pb ratio for
the pre-1700 background period ranged
between 1.18 and 1.20, in agreement with
the composition of local rocks. Although Pb
deposition on Colle Gnifetti after 1900 was
almost totally due to anthropogenic emis-
sions, the 206Pb/207Pb ratio does not
decline intensely until 1975. This is due to
the average Pb isotopic composition of
industrial emissions and gasoline additives
used which was very similar to the crustal
composition in local rocks and soil. After
1975, a sudden and intense 206Pb/207Pb
ratio depletion is recorded. This value
reached a minimum of 1.11 in 1979-1980.
This behaviour is characteristic of the ILE
experiment (Isotopic Lead Experiment), a
large scale isotopic tracer experiment using
Pb isotopes that was carried out between
1975 and 1980 in the Piedmont region of
northwest Italy.
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