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Abstract

The brown alga Fucus vesiculosus has been suggested as an indicator of heavy metal
pollution in the North Sea coastal water. A wide range of trace elements and metals was determined
in Fucus vesiculosus using multielement techniques. The good reproducibility of Instrumental
Neutron Activation Analysis (INAA) and confirmation of the obtained results with Inductively
Coupled Plasma Atomic Emission Spectrometry (ICP-AES) and Mass Spectrometry (ICP-MS)
have been used as the fundamental approaches for assuring the accuracy of data presented in this

work. Fucus vesiculosus was collected from three representative areas, Eckwarderndme (Weser

collection the algae were transferred in the gaseous phase of liquid nitrogen to the laboratory. The
autecology of the sampled Fucus vesiculosus, with respect to maximum and minimum growth in
February and August respectively, the influence of sampling time and the variation in differently
aged tissues of the algae on the accumulation of heavy metals were considered. Samples collected
from Eckwarderhdrne were used to study the biological variability along the algae bedrock. The
relative contribution ratio of the different parts to the whole plant concentration on the fresh wet
basis was estimated as well as the relative variability of the element concentrations in
Eckwarderhéme. Concentration of the differently aged tissues was found to affect the concentration
of different elements. The General Linear Models procedure was applied in the course of
investigating element concentration variational patterns with respect to four factors: coliection site,
sampling month, sampling year and combination effect adjusted for every other effect. Stepwise
selection discrimination analysis showed that the elements Ba, Cu, and Co clearly discriminated
between the three collection arcas. For Eckwarderhéme and Cuxhaven the elements Co, Zn, P, Mg,
and Se were considered, for Sylt-List and Cuxhaven, the elements Ba, Cu, Na, and Tb, and for Sylt-
List and Eckwarderhérne the elements Cu, Cd, As, Se, and Sr. Differences in the accumulation and

seasonal variations in 1993 and 1994 were studied by performing Principal Component Analysis

i




(PCA). Strong correlations between Cu, Zn, Cd, and Ag, as well as Sc,V, Cr, Fe, Pb, and Th, were
found to exist in samples from the three collection sites. Fingerprinting of element concentrations in
the collection areas showed different accumulation levels and revealed important information on the
expanding concentration range during the two years of sampling time. Estimations of poliution
load indices for each collection area, as well as, a proposed pollution load index for the North Sea
coastal water were presented and compared with reported data. The variation factor of element
concentrations ranged from 1.2 to 3 for most of the measured elements. In Eckwarderhérne and
Cuxhaven the elements Sc¢, V, Cr, Fe, Ni, Cs, Hf, Pb and Th showed variation factors > 3 which
might be a contribution of suspended particulate matter. P, Ag, and Hf showed variation factors > 3
in Sylt-List. It was found that the element concentrations in Fucus vesiculosus under certain
circumstantial procedures are regional and dependent on sampling month. The study indicates the

urgent need for baseline values to judge the variational behavior of the bioindicator.
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1 Introduction

During the past two decades, increasing attention has been focused on pollution of the
natural environment. The threat of pollution of the human environment by heavy metals is well
known by now. The distribution of heavy metals in the aquatic environment has been investigated
by using bioindicator organisms, e.g. algae and mussels, because of their ability to concentrate the
heavy metals, as well as other pollutants, from the surrounding waters which often have too low
concentrations. Although analytical methods have been improved, indicator organisms provide a
time-integrated picture of the bioavailability of pollutants rather than pollutant abundance per se [1].
The advantages with seaweed as bioindicators are that they are stationary, often easy to collect, and
being perennials, they are also available at all times of the year. Several requirements must be
fulfilled for an organism to be suitable as a bioindicator. The main requirement is that there must be
a correlation between the average concentration in the surrounding water and the concentration in
the bioindicator [2]. Bryan [3] found a linear relationship between zinc concentration in water and
that in Laminaria digitata, but the concentration factors (concentration in algae : concentration in
water) decreased when the concentration in the water increased. A linear relationship between
cobalt concentration in water and that in Fucus spiralis was also observed by Van Weer [4]. Algae
accumulate the dissolved fraction of the metals and radionuclides and thus the concentrations in the
algae should be correlated to the water concentrations of dissolved metals or radionuclides and not
to the total concentration [5]. However, various factors have been observed to affect the uptake,
accumulation and release of metals and radionuclides in algae, e.g. season of the year [6, 7], age of
tissue, shore position [8], and salinity [9-13], errors caused by Epiphytes, sea exposure, and
differences depending on which part of the seaweed is analyzed [14]. These factors have been
reviewed by several authors [2, 5, 15, 16]. Although various investigations have been performed,
‘the results are unitary. Perennial algae like fucoids consist of tissues of different ages. There is a
tendency for increasing concentration of heavy metals with age in algae from polluted areas, which

. -is most consistently observed for zinc [8, 17]. There are some studies of the seasonal variations of
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heavy metals in Fucus vesiculosus in the literature [e.g. 17, 18], and results from studies on the
seasonal variations of heavy metals differ between elements and are also sometimes contradictory
for the same element. The most pronounced seasonal trend, with the lowest concentrations during
summer, have been observed for zine, and this is suggested to be an effect of growth of the algae
fe.g. 4, 7, 18]. However, the uptake mechanisms vary between metals, so that divalent cations may
be accumulated on the basis of selective ion exchange mechanisms involving algal polysaccharides
[6], while anionic arsenate accumulation in macroalgae is considered by Kiumpp [19] to require
energy irom respiration. Trace metal uptake by seaweed is regardéd as a two-stage process [6, 20,
21}. Munda and Hudnik [22] suggested that, in a rapid and reversible physico-chemical process,
soluble fractions of metals are transferred from ambient water to the apparent free space (AFS
included in the cell wall and intercellular spaces. Thereafter, metals are transferred across the
membranes by slower, regulated processes which require metabolic energy, and which are
dependent on the concentration of metal ions in sea water and various polyanions in the cell walls
and mtercellular spaces of marine algae.
Sources and distribution of heavy metals

The term ™ heavy metals ” is commonly thought of as pollutants, even though some of these

are essential for metabolism at trace concentrations [23]. The sources and distribution of heavy
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estuaries and fresh water systems, are not only currently being polluted to varying degrees but are
also condemned to fairly long-term poilution due to metals deposited in sediments from past human
activities {23, 26, 27]. The well known bicaccumulation of radionuclides of heavy metals such as
Mn___,_Fe, Co, Zn, Ag, Pb, Po, and Pu by brown algae [e.g. 28, 29], and other edible algae, poses a
pollution hazard of another kind. Table (1.1) shows the concentration in the ppb range of some

elements in fresh and sea water [30].
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Table 1.1 : Concentration of some elements {(ppb) in fresh and sea water [30].

Be Mg | Ti v Cr | Mn Fe Co Ni Cu | Zn As

Fresh water | 0.1 4100 | 3 0.9 1 4 676 | 8.2 6.3 2 7 L7

Seawater |2E-4|13E6]| I 1.9 [621] 003 | 1.6 (0002 0.6 [025| 0.6 | 26

Se Zr |Mo| Ag |Cd{ Sm Te | Pt Au | Hg | T1 Pb Bi

Fresh water | 0.2 2.6 1 93 (04 6006 | ? ? 0.002 | 0.07 | 0.04 | 03 {005

-3

Seawater | 0.09 | 0.63 | 10 | 0.002 | 6.1 { 0.0005 | 7 8.01 | 0.02 | 0,01 1 8.403 | 6.02

il Use of Fucus vesiculosus as a bioindicator

Fucus vesiculosus 1s favorably used for monitoring programs in coastal water and estuaries.
The reasons are, firstly, metal concentrations in water are normally very low and thus difficult to
measure. Secondly, metal levels in this phase are transitory, varying with the level of fresh water in
flow, tidal state, longshore drift and water and sediment chemistry as well as other factors such as
water-sediment mixing as a consequence of wave action during storms and gales [31]. Much clearer
spatial variation was evident in the heavy metal concentration determined on Fucus vesiculosus than
in the concentration determined in the water [32]. Also, benthic intertidal algae concentrate metals
by a factor of up to 10 or more [33], with metal loading normally directly proportional to the
concentration of soluble metals in the sea water [34]. Fucus vesiculosus has the indicator
capabilities for showing the geographical distribution of heavy metals [35]. Metals which complex
most strongly with algal tissues show the strongest correlation of algal tissues and sediment, and
scavenging of these metals from particulates may be an important source of uptake by the algae
[36] and/or from surface bottomn sediments {37]. The binding of heavy metals to cell walls and in
physodes in brown algae is likely to be a factor of importance in the relatively high tolerance of

these algae for heavy metals, and hence for their suitability as indicator organisms for environmental

pollution [38].
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Monitoring aspects

Even though there are several factors which affect the uptake and accumulation of heavy
metals and radicnuclides in Fucus vesiculosus (age of tissues, growth, salinity ... etc.), Fucus
vesiculosus can be used as a bioindicator if these factors are taken into consideration. However,
algae should not be used to predict the total heavy metal concentrations in water, and the algae
should be collected at the same time of the year to be comparable. Algae can be useful in tracing the
source of the discharge of a metal or radionuclide as they show some relation to the concentration in
water, even if it is not a quantitative relation, as well as differences between localities, and as a
qualitative bioindicator for radionuclides [39]. In conclusion, Butterworth et al. [40], Nickiess et al.
[41], Preston et al. [33], Bryan and Hummerstone [8], and Fuge and James [7, 18] have used
analyseé of seaweed as a convenient and simple technique for deducing comparative environmental

data on regional differences in dissolved trace metal content of estuaries and coastal water.
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1.2 Aim of the work

The aim of this work was to study and test the hypothetical effect of biotic and abiotic
factors on the accumulation patterns of Fucus vesiculosus as a bioindicator of heavy metal pollution
on the North Sea coast. The major factors considered in this investigation are the influence of
seasonal variation and collection sites on the element concentrations. The analytical techniques were
the supporting tools in the assessment of the suitability of Fucus vesiculosus as a marine monitor
with respect to the contribution of these factors.
Major goals were studying and comparing the differences in element concentration patterns in
Fucus vesiculosus from each collection area, fingerprinting the influence of seasonal variation of the
element concentrations with respect to the vegetation cycle of Fucus vesiculosus and their
dependence on the sampling time of year as well as the year of sampling, and to prove that algal
plants of the same species grown under identical environmental conditions exhibit marked
differences in their ability to concentrate heavy metals. The clements considered here included not
only heavy metals of current major environmental concemn such as Pb or Cd, but also the so-called
essential elements such as Cu or Co, as well as, other trace constituents of anthropogenic or
geogenic origin such as As or the rare earth elements. This elemental fingerprinting approach allows
conclusions with respect to different sources of element contents. The results were oriented towards

the importance of standard operating procedures for long-term monitoring, design of sampling, and

analysis with respect to future opportunities and applications for specimen banking.




2. Multielement technigues for environmental analysis

All possible source of metal pollution have been investigated starting with an elemental analysis of
the material involved. Most elements in the environmental samples are in one sense or another more
or less important either as nutrients, as elements of environmental interest, as elements of
toxicological importance, or even as indicators of the origin and pathways of pollution. It is cbvious
that the safest approach is not to limit the scope of analysis, but to analyze for as many elements as
possible, preferably with multielement techniques. Before meaningful conclusions can be drawn
concerning sources, pathways, and environmental impact, large quantities of analytical data are
required. Therefore, the method of analysis applied should be sensitive, accurate, and applicable to
major, minor, and trace constituents, while speed and ease of analysis and automation are also
highly desirable [42]. Up to now activation analysis was proved to be a very effective method for
the elemental trace analysis of biological materials. The advancement in mu.}tielement analytical
techniques results in analytical data that may be used in either fundamental or strategic and applied
research programs.

In this work the following analytical methods were applied: Instrumental Neutron Activation
Analysis (INAA), Inductively Coupled Plasma Atomic Emission Spectrometry (ICP-AES) and

Mass Spectrometry (ICP-MS).

2.1 Neutren activation analysis

Neutron activation analysis (NAA) is a sensitive analytical technique useful for performing
both qualitative and quantitative multielement analysis of major, minor, and trace elements in
samples from almost every conceivable field of scientific or technical interest. In a recent
publication, Braun and Zsindely [43] describe some current trends in the use of instrumental
methods for trace metal analysis. Nuclear analytical methods have not lost, however, all of their
appeal, but their application seems more and more to be restricted to solving special problems

which are difficult to access by other instrumental methods.
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NAA plays a very important role in the certification of reference materials (RMs) and their
characterization, including homogeneity testing {44]. For some elements and applications, NAA
offers sensitivities that are superior to those attainable by other methods, in the order of parts per
billion or better. In addition, because of its accuracy and reliability, NAA is often recognized as the
reference method of choice when new procedures are being developed or when other methods yield
results that do not agree. The important features of NAA are its isotopic basis, the simple well
understood theoretical basis, and sources of uncertainty that can be easily modeled and accurately
estimated [44]. In its purely instrumental form INAA is concepfually a simple method of analysis,
involving only two completely separate processes : excitation and measurement. The list of studies
in which INAA has been applied as a method for multielement determinations covers archaeology,
biology and life sciences, environmental sciences, nutritional science, agricuiture, and medicine

[45]. By neutron activation, radionuclides may be produced from all elements present in the sample,

at sometimes very different production rates. This mixture of radioactivities can be analyzed in two

different ways:

1. Non-destructive or instrumental neutron activation analysis (INAA). In the resulting radioactive
sample, the radionuclides are determined by taking advantage of the difference in decay
intervals utilizing equipment with a high energy resolution for gamma-radiation.

2. Destructive or radiochemical neutron activation analysis (RNAA). The resulting radioactive
sample is chemically decomposed, and by chemical separation the total number of radionuclides
is split up into many fractions with a few radionuclides each.

The fundamentals and techniques of activation analysis have been treated in depth by Erdtmann and

Petri [46].
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Principles of operational instrumental neutron activation analysis

A procedure in INAA is characterized by (i) activation via irradiation with reactor neutrons,
(ii) measurement of gamma-radiation after one or more decay times, and (iii) interpretation of the
resulting gamma-ray spectra in terms of elements and concentrations. In neutron activation analysis,
the method is defined as the in situ production (in the sample by neutron irradiation) of a
radioisotopic label (or indicator) of the analyte element, whose intensity is proportional to the
concentration, and which can be calibrated with reference to an elemental standard {of the same
isotopi‘c composition).
Theoretical introduction to INAA

The basic essentials required to carry out analysis of samples by NAA are a source of
neutrons, instrumentation suitable for detecting gamma-rays, and a detailed knowledge of the
reactions that occur when neutrons interact with the target nuclei. Insight into the reactions that may
take place during activation facilitates the identification of the relation between the observed
radioactive nucleus, its target nucleus and associated element. Insight into the reaction rates is of
importance for the quantitative analysis and for a prior estimate of the feasibility of an analysis. The
most common reaction occurring in NAA is the (n,y) reaction, but also reactions such as (n,p), (n,c),
(n,n’), and (n,2n) are important. Some nuclei, like U are fissionable by neutron capture and the

eaction is denoted as (n,f) yielding fission products and fast neutrons. Bode [47] reviewed the

theoretical basis as follow:

The reaction rate R per nucleus capturing a neutron is given by

R = ‘T n(v) va(v) dy (2-1)
2
where

v = neutron velocity (m s™)

O (v) = neutron cross section (in m”; 1 barn = 102 m? ) for neutrons with velocity v

T nr s




n{v)dv = neutron density (m’S) of neutrons with velocities between v and v + dv,
considered to be constant in time.

The production of radioactive nuclei is described by

aN / dt = RNy - AN (2-2)
in which
Ny = number of target nuclei
N = number of radioactive nuclei
A =decay constant, s-1 ; A = In2/f, with
tia = half-life of the radionuclide, s.

The disintegration rate of the produced radionuclide at the end of the radiation time follows from
Dity) =  Nipgh = NR(I-e™) (2-3)

with

D ~ disintegration rate [Bq] of the produced radionuclide, assuming that ¥ =0 at 7 =0 and

Np = constant.

The cross section and the neutron flux are neutron-energy-dependent. In nuclear research reactors,

which are intense sources of neutrons, three types of neutrons can be distinguished;

1) Fission or fast neutroms, their energy distribution ranges from 100 keV to 25 Mev, wﬁh

maximum fraction at 2 Mev.

(i)  Epithermal neutrons, with energies between approximately 0.5 eV and 100 keV.

(i)  Thermal neutrons, their energy distribution is Maxwellian, with a most probable velocity vy

of 2200 m s~ at 20 °C, corresponding to an energy of 0.025 eV.

The thermal neutrons have the highest flux and the cross section for thermal neutrons is often

inversely proportional to the neutron velocity, and the epithermal and fast neutron fluxes strongly

depend on the configuration of the reactor, particularly on the choice of moderator. Reaction of the

(n,y) and (n,f) types have the highest cross section (typically in the order of 0.1 - 100 barm) f01_‘ .
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thermal neutrons whereas the other reactions {(n,p), (n,ct), (n.n"), and (n,2n) } mainly occur with fast
neutrons at cross sections 2 or 3 orders of magnitude lower.
The dependence of the activation cross section and neutron flux on the neutron energy can be taken
into account in Eq. (2-1) by dividing the neutron spectrum into a thermal and an epithermal region.
The division is made at E, = 0.55 eV ( the so-called cadmium cut-off energy). This approach is
commonly known as the Hggdah! [48] convention.
Ve =
R = f n(v)vo)dv+ | a(v)vo(v)dy (2-4)
0 Ve

The first term can be Integrated straightforwardly:

V d 20
j n(v) vdv=vyoy j n{v) dv=n v (2-5)
0 0
in which
n = j n(v) gy (2-6)
0

@y = conventional thermal neutron flux, m ~ s !, for energies up to the cut-off energy
of 0.55 eV.

Co = thermal neutron activation cross section, m 2, at0.55 eV

Vo = most probable neutron velocity at 20 °C : 2200 m's *

The second term is reformulated in terms of neuiron energy rather than neutron velocity and the

infinite dilution resonance integral 7, which effectively is also a cross section (mz), is mtroduced:

w E o
[ nyvay = @u | 6(E)dENEy)= el (2-7)
Vea ECd
with
E.
= | o(E)dE,NE,) (2-8)
ECd

1o
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in which

®,,; = conventional epithermal neutron flux per unit energy interval, at 1 eV.

From this definition of Iy it can be seen that the energy dependency of the epithermal neutron flux is
proportional to 1/£,.

In practice at nuclear reactor facilities the epithermal neutron flux ®,,; does not precisely follow the
inverse proportionality to the neutron energy ; the small deviation can be accounted for by

mtroducing an epithermal flux distribution parameter ¢ :

oy

E.ax

(o) = O (B dE, /(E,™%) (2-9)

)
The expression of the reaction rate can thus be re-written as

R = By, 09 + Dpi {9 (00) (2-10)
Expressing the ratio of the thermal neutron flux and the epithermal neutron flux as ;

f= Op/@,p;
and the ratio of the resonance integral and the thermal activation cross section as ;

0o (@) = To ()]0,
an effective cross section can be defined as :

Cofy = Go (1 + Go () f) (Z-11)
It simplifies the Eq (2-7) for the reaction rate to ;

R = S O (2-12)
Eq. (2-12) is valid when the self-attenuation and sumimnation effects can be neglected. In majority of
INAA procedures, thermal neutrons are used for the activation. Sometimes activation with
epithermal reactor neutrons is preferred to enhance the activation of elements with a high ratio of

resonance neutron cross section to thermal neutron cross section relative to the activation of

elements where the corresponding ratios lower.

11
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In principle samples can be activated in any physical state, solid, liquid, or gaseous. INAA is
essentially considered to be a non-destructive method although under certain conditions some
damage may occur due to ; (i) thermal heating, primarily by the absorption of both reactor and
prompt gamma-rays {(uranium fission), (i) radiolysis effect, caused by the reactor gamma-rays and
prompt gamma-rays, and (iti) radiation tacks mainly by fission fragments and nuclei emitting o~
radiation. Radiolysis may lead to decomposition of proteins into gaseous compounds, which
represent an explosion hazard becaunse of pressure build-up.

Principle of measurement in INAA

The nuclear transformations yield is established by measurement of the number of nuclear
decays. In the simplest cases, the number of activated nuclei N (1, 1) present at the start of the
measurement is given by :

N (t, t2) = (RNp/A)*(1-e*7") ™ (2-13)

and the number of nuclei AN disintegrating during the measurement is given by :

AN (G, bty tm) = (RNp/2) * (1 - &™) g2 7. H i) (2-14)
in which
tg = decay time.
I = duration of measurement

The demand for a high selectivity surpasses the demand for a high counting efficiency. Germanium
semiconductor radiation detectors have the best energy resolution of the detectors available for
practical application varying typically from approximately 1 keV for photons of approximately 100
keV to approximately 2 keV for photons of approximately 1.5 MeV. Replacing the number of the
target Np by (N4 8 w)/ M and using Eq. (2-9) for the reaction rate, the resulting net area A of a peak
in the spectrum comresponding to a given photon energy is approximated by the activation formula

as follows:

A = ANYE= @y O % (N4 QWM (T - &%) &9 [ h ) a1, (2-15)

12
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where

A = net peak area

Niy = Avogadro’s number, mol™

8 = isotopic abundance of the target isotope Ny

w = mass of the irradiated element, g

M = atomic mass of the element, g. mol™

v = gamma-ray abundance (the probability of the disintegrating nucleus emitting a

photon of this energy, photon disintegration™’)
£ = photopeak efficiency of the detector (the probability that an emitted photon of a

given energy will be detected and contribute to the photopeak in the spectrum).

2.2 Standardization in INAA

An important advantage of INAA is its capacity for simulianeous multielement
determinations, where symbiotic or antagonistic interelemental relationships are of interest.
Standardization is the determination of the proportionality factors F that relate the net peak areas in
the gamma-ray spectrum to the amounts of the elements: present in-the sample under given
experimental conditions :

F = Alw - (@-16)

The terms standardization and calibration are used interchangeably to denote the determination of
F. Both absolute and relative methods of standardization exist. -
Absoluie standardization

The physical parameters determining the proportionality factor &, Nay, M, %g; A, 1y are taken
from the literature. For many (n.y) reactions and radionuclides the parameters G.4 A, and vy are not
known, whilst in some cases also & is not known accurately. Sim_:e the irar_ious pararhéters were

often found via independent methods, their individual imprecision will add up in the calculation of
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the elemental amounts, leading to large systematic errors. The other parameters A, w, ®, €, tir, ta, tm,
are determined, calculated or measured for the given circumstances and uncertainties can be
detected.

Relative standardization

The unknown sample is irradiated together with a calibration sample containing a known
amount of the elements of interest. The calibrated sample is measured under the same conditions as
the sample (sample-to-detector distance, sample size and if possible composition). From
comparison of the net peak areas in the two measured spectra the concentration of the elements of

interest can be calculated :

Ketems = {A/fm bC ‘W} Sﬂmpfe/ {A’, tm D € W fuandara (2-17)
where
Xoem = element concentration, g.g ™
D — e-ﬁ_td
C — ( ] - e-/‘_rm )
w = mass, g.

This standardization is used in cases where the highest accuracy is required, such as the certification
of reference materials. Multielement INAA on the basis of the relative standardization method is
feasible when performed according to the principle of the single-comparator method. Assuming
stability in the time of all relevant experimental conditions, standards for all elements are co-
irradiated in turn with the chosen single comparator element. Once the sensitivity for elements
relative to the comparator element has been determined (the so-called &-factor), only the comparator
element has to be used in routine measurements instead of individual standards for each element.
Single comparator method

~ The idea of using a single comparator for multiclement INAA was based on the ratio of
proportionality factors of the elemént of interest and the comparator after correction for saturation,

decay, counting, and sample weights. Girardi et al. [49] defined the k-factor :

14
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k = { Mo Y & 6 O H{ Mo Yo € B Oefra} (2-18)
where the subscripts a and ¢ refer to the element of interest in the sample and comparator,
respectively. Concentration then can be calculated from these k-factor; for an element determined
via a directly produced radionuclide the concentration X follows from;

Xelem {( A/SDCW)Q/ (A/SDCW)C}K k (2_19)

where, Ay = (-

The k-factors are only valid for a specific detector, a specific counting geometry and irradiation
facility, and remain valid only as long as the neutron flux parameters of the irradiation are stable.
Bruin and Korthoven [50] modified the k-factor to a more versatile factor to be used with different
detectors and counting geometries. The photopeak efficiency was removed from the factor and
derived separately in the calculations from the experimentally determined efficiency curves for each

detector and each counting geometry. The modified k-factor 1s defined by:

kir = M, 0, Oopra} 2 Voi i Mo ¥ 6: Ooic } (2-20)
where
X% = sum of the absolute intensities of the most important gamma-ray lines of the
radionuclides.

The element concentration is then given by:

Xe[em = {{A/SDCW}WI (A:’SBCW}C}*{Z,‘ Vai & /‘}fz & ;ECIR;} (2—21)

Simonits et al. [51] proposed a new generalized k-factor which is independent of neutron
flux parameters as well as of spectrometer characteristics. In the so-called kp method, the irradiation
parameter (1 + Q(@)/f ) and the detection parameter X ; },; are removed, respectively, and altered in
the expression of the k-factor, .and the kp method is defined by :

IR EE + Qo (I I + Qoa(OF ) ( &:/Ea)

-

Ky

f’i@ = f;c 9,, To,a Ya /f:a 95 e Ve \2-22}

15




By substituting for element concentration determined via a directly produced radionuclide, the
element concentration is given by :
Ketom = {1 + Qoo (DI + Qoo (DIf JF( &/, ) AISDCw)o! ( AISDCw), }5llky  (2-23)
The ky-factor thus has become a purely nuclear parameter for the thermal neutron spectrum. In the
kg-convention, Au is proposed as the comparator element. The neutron flux parameter f and o must
be measured in each uradiation facility, preferably even for each irradiation and sample [52]. At
least three isotopes must be activated and measured to determine these parameters. A compostie
flux monitor containing adequate quantities of Au and Zr is very suitable for this purpose; in a
single measurement the induced activities of 198Au, #7r, and *"Zr can be assessed. As such the ko
method is not a single comparator but a triple comparator method.
Syrthetic multielement standards

Another approach to the standardization problem is the preparation of synthetic
multielement standards containing known concentrations of the element of interest. The availability
of such primary standard materials containing appropriate and accurately known amounts of
elements for a given application would be very convenient. There have been only a few reports of
such synthetic standards. The US National Institute of Standards and Technology (NIST) has
produced four multielement glass standards (SRMs 610, 612, 614, 616), with varying levels of trace
elements. Rouchaud et al. [53] prepared muitielement standards using metaliic and organic polymer
matrices. In the present work, synthetic multielement standards by Rossbach and Stoeppler [54]
were used together with selected reference material in the irradiation of all sample sets.
Estimation of the accuracy of analysis in INAA

An estimate of the accuracy of INAA can be obtained by comparing the results of the
analysis of certified reference materials with the data in the certificates. However, for quite few

elements there are no reference materials available with certified concentrations. Therefore, as an

indication of the degree of accuracy, participation in laboratory inter-comparison rounds or
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proficiency testing is a must. The accuracy is expressed as a standardized difference z thereby taking

into account the uncertainties of the obtained results and the uncertainty in the certified value :

. - sz-— Crif,i (2-24)
where,
G, o = observed conceniration and its uncertainty respectively
Crefis Orefi = concentration and its uncertainty in the reference respectively

In principie, INAA can provide very accurate results. In general, neutrons and y-rays are not
strongly absorbed by matter, corrections for absorption effects are therefore small and often
negligible. Although in some cases interfering nuclear reactions may occur, these are easily
recognized and rarely important. Other sources of error such as overlap of 7-rays lines from
different radionuclides in the spectrum, dead-time losses, etc. can be assessed, overcome Or

corrected.

INAA in comparison with other multielemeni techniques

[
T

During the past decade several analytical techniques suitable for trace element analysis and

in principle capable of satisfactory accuracy made their appearance or were further developed :

plasma atomic emission spectrometry (ICP-AES), and inductively coupled plasma mass
spectrometry (ICP-MS). ETA-AAS, which has excellent detection limits, is in practice a
monoelement technigue, so that it is difficult to compare it with a multiclement technique such as
INAA ICP-AES in general has detection limits that are not satisfactory for ultratrace determination.
ICP—MS is a quasi-simultaneous multiclement technique with excellent detection limits. ICP-MS
has ciearly experienced a rapid growth during the last few years and many of its applications focus
on the analysis of similar sample types (biomedical, environmental, etc.) as popular in activation

:an_alysis. Therefore, NAA will be compared to ICP-MS [55]. In ICP-MS a liquid sample is
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nebulized into the ICP and the positive ions formed are extracted via an interface into a mass

spectrometer, usually a quadrupole. In another variant (laser ablation ICP-MS) a laser is used to

produced an aerosol directly from a solid sample. The aerosol is carried into the plasma by means

of an argon stream.

Seome drawbacks in NAA and ICP-MS technigues

Activation analysis, however, also has some drawbacks. In NAA the following

disadvantages can be noted [47] :

e It is not possible to determined several elements or at least not at a low level.

e NAA is not suitable for sensitively analyzing water samples without extensive pre-treatment.

e for elements involving radionuclides with long half-lives, the tarn-around time of an analysis
may be in the order of 2-4 weeks.

e NAA is not available as a push-button apparatus with a complete software package to be
operated on the spot .

e The need for the availability of, or access to a nuclear research reactor.

Of course, ICP-MS has also some drawbacks [55]:

¢ Polyatomic ions may overlap with singly charged ions of the same m/z. Example are ArO with
56Fe, CIO with > iV, and ArCl with " As. These interferences occur almost exclusively up to m/z =
81, corresponding to ArpH, and are a consequence of the limited resolution of a quadrupole MS.
When a high-resolution double focusing magnetic sector mass spectrometer is used , instead of a
quadrupole, such interferences can be resolved

e Matrix effect. For high matrix concentrations signal suppression (or enhancement) may occur. A
typical figure is 35 % suppression for 9 g/l NaCl. The matrix effect can be corrected using one or
several internal standards; dilution; matrix maiching; standard addition; chemical separation;

isotope dilution measurement.
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Simple basis of comparison between NAA and ICP-MS
A comparison of NAA and ICP-MS for the trace element analysis of environmental
materials is based on the following:

1. (Interference-free) detection limits are in general comparable, for some elements ICP-MS is
better, for others NAA is.

2. For solid samples INAA has the definite advantage of not requiring sample dissolution with the
attendant problems of difficult or incomplete dissolution of some matrices, possibie losses of
some elements such as As, Se and Hg, precipitation or adsorption losses. In addition no blank
from acids or othér reagents, which is generally the major source of contamination, is introduced.
The later advantage also holds for RNAA. This advantage is very important for low-level
material requiring considerable effort for a contamination-free dissolution, e.g. biological
samples and semi-conductors.

3. The most important advantage of activation analysis is that, whenever interference occur, for
instance in the analysis of biological materials where y-radioactivity of 2Na, *Cl, K, *Br, and
$2Br and bremsstrahlung from *°P are the main matrix activities, the radionuclide of interest can
be carried through even complex radiochemical separations without any danger of contamination
and with the addition of nonradioactive carrier to ease the separation. In ICP-MS, to improve the
detection limits for elements interfered with by polyatomic species, a chemical separation can be
carried out, but always with contamination risk and this separation must be carried out at the
trace element level.

4. Another advantage of NAA is specific to the analysis of reference materials: activation analysis
is based on a different principle than other analytical techniques and subject to other types of
systematic errors. On the other hand, an obvious advantage of ICP-MS for analyzing reference
‘materials is that isotope dilution ICP-MS is feasible, which allows the high precision and

_ accuracy typical of isotope dilution methods to be achieved.
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Fardy and Warner [56] concluded that NAA cannot maich the superior sensitivity for a wider range
of elements obtained by ICP-MS. While NAA is an inconvenient and time-consuming technique for
many applications, it does not suffer from blank problems after irradiation of the sample, and
becomes the preferred technique where low limits of detection are required for trace concentrations

in solid samples.
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3. Experimental
3.1  Sample collection and preparation

Samples of the brown alga Fucus vesiculosus were collected at low tide from three different
well characterized sampling areas of the North Sea coast: Eckwarderhorme, Cuxhaven, and Sylt-List

Algae were sampled bimonthly in 1993 and 1994 at each collection site. The collected sample size

Immediately after collection the samples were cryogenically deep-frozen (-150 °C) and
transported to the laboratory. Ten individuals from each site were packed in a plastic bag and stored
at 4 °C for area measurements. At the collection site Eckwarderhorne, an experiment was designed
in which the shore bank was divided into five spots of .1 m” each located 50 m apart. Tips, thalli,
and basal parts of ten plants collected in August 1994 and February 1995 from each collection point
were separated. Subsamples of plants were used for the determination of fresh weight per plant and
their parts, and the maximum length of a plant. Fresh weight was determined after the plants had
lzin between layers of absorbent paper for 30 s. The surface area per.unit fresh weight was
determined by weighing fresh whole plants and the area éf cfifferent parts of the whole was
(_ietg;'miped by photocopying them, cutting out the shape, and weighing it for comparison with the.
weight of a kpowg area of paper. P_lant surfac_e_ area was assqq}gd_to._b:e twice th¢ area_d_etg_r_m_iqed in
‘this v;ay. | |

21

ST




Sample preparation

After cryogenic transportation of the 2 kg material from each site to the lab in stainless steel
containers [57}, a subsample of 10 g fresh weight taken from the non-homogeneous (crushed-
frozen-bulk with a titanium stick) was freeze-dried. Under clean room condition, the freeze-dried
samples were ground for 3 min in an agate mill to produce a coarse powder, and stored in 20 ml
scintillation glass-vessels, cleaned by steaming with HNO; (Merck) for 6-h and then drying before
aliquoting.
Different parts of the algae were dissected using a quartz knife, and the fresh weight was
determined, then freeze-dried. The dried samples were shaken in a shaking agate mill for 5 min
prior to the analysis. The finely ground powder was bottled in scintillation glass vessels using a
quartz spatula.
Sample preparation for analysis

A variety of elements with environmental importance have been analyzed in whole plants
but also in different parts of the brown algae. For instrumental neutron activation analysis no
chemical pre-treatment of the algae material is required. Quartz of high purity (Suprasil®) is the
purest material and most suitable for container material, which provides negligible blanks (except
for Si of hali-life 2.6 h) and also withstands long-term irradiation of biological material with
possible pressure build-up due to decomposition and production of gases. The batch of quartz tubes
of I m length, 6 mm in diameter, and wall thickness 0.5 mm, was cut into sub-tubes of length 15
cm. Each sub-tube was directly split into two sealed-end ampoules using an oxygen- hydrogen
flame. The ampoules were etched internally for 5 min with diluted 1:1 HF high-purity acid (Merck),
then washed with double-distilled water and ﬁl_led with conc. distilled HNG; (Merck), and boiled
for 12 h. After cooling, the HNOs acid was removed and the ampoules were boiled in double-
distilled water for 6 h. The acidic water was then removed and each individual ampoule was washed
with double-distilled water, then dried in a semi-covered glass dish in an oven at 100 °C until they

were fully dry. The dried ampoules were stored over conc. H,SO, in a desiccator until further use.
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Using a quartz spatula the freeze-dried algae samples were filled into the cleaned quartz ampoules
in pairs (a and b), weighing 100 to 120 mg of material, and a pre-treated quartz wool stopper with
ultra-pure distilled HNO; (Merck) was pushed along the tubes to stop the material from dispersing
in the dead volume. The sealed end was then immersed in liquid nitrogen to cool before sealing the
other end to prevent element losses through volatilization due to heat transfer while sealing with the
oxygen-hydrogen flame. For easier identification after irradiation, the capsulated ampoules were
marked with edding 3000 permanent marker.

Two aliquots of each sample together with an appropriate synthetic multielement standard, a
certified reference material ( NIES No. ¢ Sargasso }, and a blank ampoule from the same patch were
irradiated at a thermal neutron flux density of about 5 x 10" N cm™ s for 10 h. Due to the matrix
activity after irradiation, the samples were cooled for approximately 6 days before handling for the
clean-up. Irradiated samples were transported to the cleaning lab and identified behind a lead shield
to prevent unnecessary exposure. Each irradiated ampoule was then carefully iminersed in a PTFE
container filled with 1:1 HF acid (Merck) for 1 min, then conc. HNO3 (Merck) for 2 min, and the
outside wall finally was washed in distilled water. The washed irradiated ampoules were laid
between layers of absorbent paper for 5 min. Finally, the dried irradiated ampoules were transferred
to a sampler holder in a ranked order for measurement.

Sample preparation for inductively coupled plasma alomic emission spectroscopy (ICP-AES) and
mass specirometry (ICP-MS)

For ICP-AES and ICP-MS, wet decomposition of about 200 mg freeze-dried algae material
was performed at 180 °C in a closed system using a PTFE pressure bomb. The PTFE vessels were
washed with double-distilled water, dried in an incubator, and then left to cool under clean bench
conditions. The PTFE in batches of 8 vessels were weighed and filled with freeze-dried algae
material, pre-analyzed internal reference material brown aigae (IRM Algae 88), and certified
reference material (NIES No. 9 Sargasso) using a quartz spaiula. The quartz spatula was washed

: immediately with double-distilled water and then acetone (Merck) for drying after each filling. 2 ml
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ultra-suprapure distilled HNO; acid was pipetted into each PTFE vessels and into two empty ones
for the blank value of the FINOj; acid, and all 4 PTFE vessels with relief valves were packed in a
stainless steel block. The pressure ashing system was brought to the heating plates, and heated for 8
h at 180 °C. The preparation steps were repeated for the same material in different PTFE vessels as
a duplicate. Thereafter, digestion solutions were pipetted into a steamed clean glass flask of 10 ml
and were diluted with ultrapure water. In the case of ICP-AES prior to the determination step the
samples were appropriately diluted (1:2 - 1:20) with ultrapure water and Sc was added as an internal
standard element (Conc.= 10-50 pg/ml depending on the element determined), and for ICP-MS an
appropriate amount of an internal standard element solution (usually Rh} was added to give
concentration of 50 pg/l.
Standards

For INAA measurements, muklielement standards were made in our lab, P for the elements
(Fe, Zn, Co, Ni, 8n, Se, Cd, Ca, Na, Br, Ba, X, I, Rb, Ce, Sb, Th, Hf, Au, As, La, Te, Nd, and Lu),
{ for the elements (Cr, Fe, Sr, Zr, Yb, Cs, Sc, Sm, Ag, W, Ta, Th, En, Ga, Mo, In, Ge, Ru, Hg, and
Na), rare earth elements (REE) standard, and a uranium (U) standard were used. The standards were
used in the calculation of the element concentrations in the certified reference materials. A
comparison of the obtained results with the certified and recommended values of the elements is
then made. The synthetic standard used was prepared as described by Rossbach and Stoeppler [54].
The calibration standards of ICP-AES and ICP-MS for the elements Mg, S, P, Ca, Mo, {d, V, Mn,
Fe, Cu, Zn, As, and Pb were prepared from ICP-multielement standards supplied by Merck. 50 pg/l

103Rh was used as internal standard for ICP-MS.
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3.2  Instrumentation
3.2.1 INAA

The irradiated samples were counted on a GeLi detector (20 % efficiency, Canberra)
constructed in the center of a steel cube of 70 x 70 x 75 c¢m inner dimensions, 7 cm wall thickness
coated with copper sheet of 1.2 cm in thickness, surrounded by lead bricks of 5 e¢m thickness, and
connected to a pre-amplifier, Multichannel Buffer ADCA M™ 918A ORTEC EG&G, an amplifier
572 ORTEC EG&G, bias supply 0-5 kV 459 ORTEC EG&G, and a computer for the analysis of the
gamma spectrum collected. Another HPGe detector (25 % efﬁcieﬁcy, ORTEC EG&G ) constructed
in a steel cube of 90 x 90 x 65 cm inner dimensions, 15 cm wall thickness and coated with a sheet of
copper 1.2 c¢m in thickness, surrounded by lead bricks of 5 cm, and connected to a pre-amplifier,
Multichannel Buffer 919 Spectrum Master ORTEC EG&G, amplifier 572 ORTEC EG&G, bias
supply 0-5 kV 459 ORTEC EG&G, and a computer for the analysis was used for counting the same
samples counted on the GeLi detector.
Irradiation Facilities

The algae samples, reference material, and blank ampoules were irradiated in the FRG-2
reactor of the GKSS Research Center in Geesthacht for 10 hours with a thermal neutron flux density
of 5x10°® Nem™?sec”.
Calibration

INAA systems were calibrated with the energy lines of the 0Co, *'Cs, and *Eu standard
calibration sources of known activity, certified by the Physical-Technical Federal Institution (PTB)
in Braunschweig. A computer software program for energy and efficiency calibration is integrated
into the evaluation of the measured gamma spectrum. Both systems were always calibrated before
measuring each irradiated set. For ICP-MS depending on the matrix and the analyte (concentration)
either a standard addition calibration (**Rh) or calibration (matrix matched) aqueous standard

solution was employed. For ICP-AES aqueous acid matched standard solutions containing Sc as
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internal standard element were used for calibration. The elements P and S were determined without
the use of internal standard.
Measurement

Irradiated samples were brought into the measuring lab, counted together with the standards
at the same geometrical distance from the GeLi and/or the HPGe detector. The first measurement
was processed directly after sample identification. Counting time was 6000 s - 10000 s, sample-
detector distance 30 cm - 60 cm, and dead time in the range of 12 to 20 %. Cooling time, dependent
on the samples activities of between 6 - 10 days, then that of the second measurement was counted
at a distance 15 - 20 (.:m and a dead time of 8 - 10 % for 20000 s - 30000 s. A cooling time of about
15 days and the third measurement was taken at distance of 0 - 2 cm, dead time [ - 6 %, and
counting time 20000 s - 50000 s. The basic set-up of the gamma ray spectrometer for use in INAA
is shown in Fig. 3.1. A computer software program for the sample spectrum analysis was used
(MAESTRO [T EG&G ORTECQ), the radioactive species were identified using their y-lines energies
reported by Frdtmann and Soyka [58] as shown in Fig. 3.2 (a-c). A Fortran program was used for
calculating the concentration of the radioactive species in the sample by comparing of the net peak
area of the standard to that of the sample with a correction for the decay times. Final results were
compared with the certified and the recornmended values of the reference material, and a correction
factor was used in some cases. A correction was performed for the error resulting from the
interference of gamma energies of Se and Hg, Se and Ta, and rare earth elements and U if

necessary.
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Fig. 3.1 + Schematic set-up of gamma ray spectrometer for use in INAA
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Detection fimit of the INAA systems

Constituents of the blank ampoules were determined in 18 quartz vials, irradiated for 10
hours with samples at a thermal neutron flux density of 5 x 10" N cm™ ™. Mean values with the
coefficient of variation were taken as the detection limits of the measuring system and/or the limit
of detection was calculated from the following formula :

C = 38g/m (3-1)
where C : lower limit of detection

Sgy : standard deviation of the mean values of the constitutes of the blank ampoules

m : peak area per concentration in the standard.

3.2.2 ICP-MS
ICP-MS analyses were performed with an ELAN 5000 PERKIN ELMER SCIEX. The elements

measuring parameters are shown in Table 3.1.

Tabie 3.1 : The measuring parameters for the determined elements.

Element [ Mass Repilicate fime {ms) Dwell time (ms) Correction factor
v 51 1860 20 -
Cu 63 1600 26 -
Cun &5 1660 20 -
As 75 4000 80 -3.087 x mass 77 + 2.546 x mass 82
As 75 4000 80 S -
Se 82 16006 200 -1.001 x Kr 83
Se 82 10084 200 -
Mo 95 1040 20 -
Mo 88 1000 23 -0.1695 x Ru 161
Rh’ 103 1060 20 -
Cd 112 1880 20 -5.03995 x Sn 118
Cd 114 1000 20 -0.02747 x Sn 118
Pb 206 1060 20 -
Pb 207 16900 20 -
Pb 208 1000 20 -
Pb 208 10680 20 +1xPh207 + 1 xPb 206

* Intem_al standard
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The setting parameters were:
o plasma flow 15 Vmin

nebulizer cross flow 0.87 Vmin

®

e auxiliary flow 0.8 Vmin

¢ RF power 1200 W

e (CEM voltage 5 kV

o sample uptake 2.1 ml/min

o 50 pbb '®Rh was used as internal standard.

3.23 ICP-AES

A sequential plasma 400 atomic emission spectroscope (PERKIN ELMER, Germany) was used for
ICP-AES measurements. Instrumentation and operating parameters used for ICP-AES were:

e spectrometer 400 PERKIN ELMER

e HF- generator of 40 MHz, 1kW PERKIN ELMER

e monochromator 0.408 m-Czerny-Turner PERKIN ELMER

e cross-flow nebulizer gas flow rate 0.4 Vmin PERKIN ELMER

[}
j)

spectral range 160 - 800 nm
Determination of the detection Emits of ICP-MS a;vzd ICP-AES
For the determination of the detection limits of ICP-Ms and ICP-AES, 20 blank samples were
apalyzed. Calibration curves were dotained ﬁ_sing a minimum of five different concentrations

covering the expected concentration range. Table 3.2 (a-b) presents the wave lengths of the selected

elements measured by ICP-AES, and limits of detection of ICP-AES determinations calculated -

based on the above data and the following equations:
-+ detection limits Cne = "3Sg/m SR e - (3-2) '

limit of determinationCes = 6Spi/m - (3-3)
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limit of quantificationCee = 10Sg;/ m (3-4)
where;
Sgp: standard deviation of the blank value

m : slope of the calibration curve.

Table 3.2 (a) : Wave length of the measurements.

Element A [nm] | PMT voitage [V] | Dwell time Element Ainm] | PMT voltage [V] | Dwell time

{ms] {ms]

Zn 213.856 600 300 Ca 422.673 660 200

Mn 257610 551 300 Na 589.502% 551 500

Fe 259.940 600 300 K 769.898 750 400

v 290.882 701 300 P 178.283 819 400

Mg 279.553 400 209 S 182.037 730 400

Sc{Zn-Cu)} | 255228 600 300 Sc(Na,K) | 567.181 551 460
Se (Mg-Ca) | 361.384 600 200

# in samples with a high concentration of Fe. the line 588.995 nm is used.

Table 3.2 (b) :Limit of detection (L.D) [pg/g, d.w.] for I_CP-AES determination.

Zn ] Mn | Fe V | Mg i Ca | Na K P 5

LD 15| 65 {2015 ] 5 | 36 | 80 | 100 | 400 | 100

element dilution 1:2 | 12 § 12 | 12 1:5 | 1:5 | 1:5 | 1:5 1:5 1:5
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4, Resuits and Discussion

4.1  Analytical quality

4.1.1  Procedures for analytical gquality assurance

The validity and precision of the obtained data and the used analytical methods were evaluated by
analyzing certified reference materials in addition to the samples. Data evaluations comprise a set of
experimental and statistical procedures designed to test whether a measurement process is In a state
of statistical control, and consequently whether it is capable of producing data that can be used with
confidence. As accuracy is a qualitative concept, the best estimates of #7ue element concentrations
are obtained from information available on primary standards, or from certified element
concenirations of reference materials. Fig. 4.1 shows the control chart for some elements
determined by INAA in NBS SRM 1645 River Sediment, BCR CRM 146 Sewage Sludge, and

TAEA-SI-1 Lake Sediment.

NBS SRM 1645 River Sediment
o ®
® @ o = @ 4
-3 t- ! L AL ! 1 L 1 T ! 1
Ni Na Cr La As Zn . Th Fe Co Sc*
&
2
= IAEA SL-1 Lake Sediment )
= . s
g a 8 &
= @
g 3
g e S
=
& Sr*LaLuSmNaCoNdYbBr U TbSe ThEuCr Sc Cs NiCeBaZnShAuZr AsAgHITeRbTa FeHg
BCR CRM 146 Sewage Studge
[ @ 5 & g @ = & -3
@
_3'. 1 : . : e , - :
Na Ca Co Se Ni Fe Hg Zn Cr*

Fig. 4.1: Control chart for comparison of resulis determined by INAA and certified values. Elements are sorted
on Z-values (n = 3, * = out of Z-vaiue range). '
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The “ closeness of agreement ” is obtained by the determination of the standardized difference Z-
values (see Eq. 2-24).Z-value < {3| means that the result of the analysis of reference material
should be in the 99 % confidence interval of the certification value. Data presented in Fig. 4.1
demonstrate that values of Sc, Cr, and Sr are outside the confidence interval. For these elements
whenever it is necessary, correction factor is applied. For all other determined elements a good
agreement with the certified values was observed. Validation of INAA data and results obtained by
other techniques for some selected elements were checked by the comparison with the CRM (NIES
No. 9 Sargasso). Data are summarized in the control chart of Z-values as shown in Fig. 4.2. Only
the phosphorus value measured by ICP-AES indicates a bias. Therefore, all phosphorus values were
inspected and these measurements were corrected. Fig. 4.3 (a-b) presents a control chart for
comparison of some chosen elements determined by INAA and other multielement techniques in
samples from different collection sites, and different parts of algae. In all presented examples a good

agreement between the methods was found.

Standardrized difference 72

NIES CRM No. ¢ Sargasso

-3

ZnMg* K SrMn*U Na 8c Hg As Co Cr Ag V+ Ca 8% FePb+Cs Sh Se Br RbCusld+ I P*

Fig. 4.2 : Control chart for elemnents measured in the reference material NIES No. 9 (Sargasso) by INAA, ICP-
R MS (+), and ICP-AFES (). The elements are soried on the Z-value (n = 15).
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Fig. 4.4 : Element concentration in blank quartz ampoules ( mean + Sd, n=15),

In comparison to other techniques, INAA required no chemicals therefore the element
concentrations measured in the blank quartz ampoules were considered as blank values. From Fig.
4.4 it is obvious that the lowest concentration is around 107 ng/g [Cs] and the highest is around

100 ng/g [Zr]. However, more than 90% of the determined elements present in the quartz ampoules

are in the concentration range 0.1-1 ng/g, which

expected in real samples.

4.3.2 Detection limiis and reproducibility

Minimum detectable activity in INAA for a given peak is equal to 3 times the square root of the
background. In this work the detection limit was calculated based on the determined blank value
concentrations as given in Eq. (3-1). Fig. 4.5 represents the detection limits calculated from the
biank values for all elements of interest. INAA is highly sensitive to Sc, Au, and Eu, but moderate

sensitive to Fe, Sn, and Mo. However, for the elements determined in this work, the concentration
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levels 1 natural samples are in 2 much higher range than the detection limits of INAA. Therefore,

the multielement capabilities of INAA are ideally suited for the characterization of those samples.

A

¢ [ng/g] dw
@
Lil

L S A L 1 A H A N 0 I L Sy B e sy B e w2 e ey
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Fig. 4.5 : INAA detection limits for elements measured in quartz ampoules irradiated for 10 b in thermal nevtron
flux 5 x 10" N em™s™

Reproducibility of INAA measurements

Fig. 4.6 represents the reproducibility of the measurements for selected clements in a set of
nradiated samples from Eckwarderhorne (Spl-Sp6), and IAEA-0392/0393 (Sp7-Sp8). In all
analyzed samples the reproducibility of Fe, Co, and Zn determinations are better than 4 %. Only for

Cr determinations is the reproducibility above 4
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Fig. 4.6 : Relative reproducibility for Fe, Cr, Co, and Zn determination by INAA in a set of irradiated algae
samples, M = measurement (1-4)

Reproducibility of INAA measurements

Fig. 4.6 represents the reproducibility of the measurements for selected elements in a set of
irradiated samples from Eckwarderhdrne (Spl-Sp6), and IAEA-0392/0393 (Sp7-Sp8). In all
analyzed samples the reproducibility of Fe, Co, and Zn determinations are better than 4 %. Only for
Cr déterminations is the reproducibility above 4 %. ..
Determination of detection limits of ICP-RS, HG-AAS and ICP-AES

The detection limits of ICP-MS, HG-AAS and ICP-AES were calculated based on Eq. (3-2). f_‘_ig.
4.7 'Shows the calculated detection limits for selected elements of the applied methods. ICP-AES
shcﬁs less sensitivity for phosphorus and calcium and f}igh sensitivity for Mn. &etermin tion, éé \;’ell
a_s-higher sensitivity for Se, Cd, and Cu (ng/g level) were obtained by HG-AAS and IC?—MS,

respectively.
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Reproducibility of ICP-MS and ICP-AES measurements

The measurement reproducibility of As, Cu, Cd, and Pb were determined in a digested set of
samples {Spl-Sp6) from Eckwarderhéne, and in the candidate reference materials TAEA-0392/0383
(Sp7-Sp8). Obtained data are presented in Fig. 4.8 (a-b). Measurement reproducibility for Cu, Cd,

Pb, and As determined by ICP-MS is better than 5 %. Measurement reproducibility for Zn, P and

~ITITY TS O

e Pyt e T~ ra )
r than 6 %. In samples containing silica (IAEA-

2]
o
&
-
O

Mn, and Fe determined by ICP-AES i

392/393) a higher spread of measured values of Zn, Mn, and Fe was observed. These elements are

the major silicate-bound elements, and the ICP-AES analysis is based on digestion procedures |

which may partially decompose silicate minerals contained in the samples. -
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Fig. 4.8 a-b ; Relative reproducibility of (a) ICP-MS for Cu, Cd, Pb, and As, and (b) ICP-AES for Zn, P, Mn, and




4.1.3 Anralytical quality conirol

The analytical procedures are in statistical control when the results consistently fall within
established control limits. The quality control has been done in three steps, first the resulis of
reference materials analyzed are evaluated via the control charts (see Fig. 4.1 and 4.2). Secondly, the
results of the duplicate samples have been used to assess the performance of the analytical
procedure with respect to sample preparation (see Fig. 4.6 and 4.8). Thirdly, intermethod
comparison of the elemental analysis, and the degree of confidence has been checked by drawing a

control chart, as shown in Fig. 4.9 (a-d).
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Fig. 4.9 (a-b) : Control chart for in-heuse comparison for IAEA-0352/0393.
Elements determined by ICP-AXS, Fe¥, Ca*, Zn*, Mn, Mg, P and S. Elements determined by ICP-MS, ¥, Cu,
Cd and Pb. Elements determined by INAA, Ca, Fe, Se, Zn, Cr, Co, Hg and As.

42

[PRLRSE |




e © e © c

& Xinolin Hou et al.

L2 LA W TN i N MR St i I S e S BN S N S N S SN S S H U B A S S R R

Pob Fe Ca Sb Cu Mg Na Cr Sr Rb Zn Mn K Co Ni V Mo

Standardized difference 7

3
1 ®
5]
0 g o —=o 2 ° d
o
& IAEA-085/086*
3 L

T T T T T T T T T T ] T i T T 7

i {
Hg* Hg Fe Zn* 8Se* Sc Se Fe* Ca Sc* Zn

Fig. 4.9 (c-d) : Conirol chart for intercomparison of results for IAFA-0392 with Xiaolin Hou et al. [59] and
TARA-085/086, (*) unspiked reference materials

From Fig. 4.9 (a-b) it is obvious that some incidental deviations for Zn* determination in IAEA-
0392 and Se determination in IAEA-0393 samples are outside the limit of the Z-value. The previous
control charts assist in obtaining insight mito the performance of the INAA technique of for the
determination of the respective elements, at a certain concentration level, m a given matrix. For
TAEA-0392/0393, the Z-value for the elements Fe*, Ca*, Zn*, Mn, Mg, P, and S correspond to that
m_easured with ICP-AES, and the elements V, Cu, Cd, and Pb were measured by ICP-MS. In Fig.
4.9(c), the reported element concentrations were measured with INAA, Fig. 4.9(d) shows the control

chart of an intercomparison of the certified and/or recommended values of the elements, Hg, Fe, Zn,

Ca, Se, and Sc. With respect to the presented quality control procedures of all the implemented |

methods, it can be concluded that the obtained results are reliable within the value of i7Z|< 3 and

can be used for the assessment program of the analysis in this work.
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4.1.4 Possible sources of uncertainty

Sampling

Anticipating possible sources of error, the typical sizes of collected algae samples are about 2 kg
fresh mass. After cryogenically precrushing the total sample size, but before further homogenization
10 g fresh mass Subsamples are obtained and freeze-dried. To check the real representativeness of

the 10 g, the German ESB analytical results of some elements of interest were compared with the

results of this work (Fig. 4.10).
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Fig. 4.10 : Comparison of element concentrations miean value and # SD deierinined in this work and in the ESB.
n=4

Data obtained from samples collected in April 1993 from Eckwarderhérne demonstrate that only for
Fe, Zn, Ba, V, Pb and Ni can differences be observed. This effect may be a result of rheasurements
and/or the sample content of the different parts of algae. Also, the results of the German ESB annual
homogenate (1993) from Eckwarderhtmme were compared with the mean of the bim.onthly Coﬂected

samples, as shown in Fig. 4.11. This comparison demonstrates a very good agreement between the

[y




annual homogenate (1993) of the German ESB from Eckwarderhdme and that calculated. The

higher standard deviation in the results of this work represents the influence of seasonality in the

environment of collected samples of Fucus vesiculosus.
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Fig. 4.11 : Comparison of mean + SD of the annual homogenate for German ESB from Eckwarderhdrne 1993,
and the mean results calculated from bimonthly coliected samples with the maximum and miniinum presented as
8D (n=4.

Analysis of duplicate Subsamples from the same material was used as a test of analytical precision
within a set of samples. Nevertheless, the uncertainty resulting from sample handling is an
important factor and must be considered when monitoring aspects are under consideration. All
collected algae samples were processed in an agate mill, therefore the agate material was analyzed
to scan the concentration of elemental constitutes for potential contamination. Fig. 4.12
demonstrates the element concentrations found in the agate material used. Assuming that 5g freeze-
dried algae material is contaminated with 0.2 g agate = 60 pg Fe, which is a theoretical hypothesis,

and the average concentration of Fe in the sample is 600 pg/g, this means that 2 % of the total
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concentration is due to thus milling process. So that there is negligible contamination risk from the

content of Ba, Ca, Na, and Fe in agate material.
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Fig.4.12 : Concentration of elements determined by INAA in agate material

Contamination with other collected specimens

In the collection of the brown algae Fucus vesiculosus, other specimens such as periwinkle
(Lirtorina littorea), and grazing herbivorous sand shrimp (Gammarus locusta) are found to be
present in the samples. Fig 4.13 (a-b) represents the elemental concentrations of both species.
Comparing average Ca concenirations in brown algae to that of periwinkie, it was found that there is
a high risk of Ca contamination where the average mass of periwinkle found per 10 g of algae
sample was 0.1 g i.e. equivalent to 30 % (considering the relative contribution) and contamination
also considered to be relative to the collection site. The average mass of sand shrimp is 0.09 g per
10._g of algae sample. Because of the low concentration level there is no risk of contamination from-

sand shrimp material to algae material.
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Contamination with particulate maiter and fine sediment

Particulate matter is a very important source of contamination. Juracic et al. [60] reported that
particulate matter was found to have a large specific surface area of up to 20 m’g” in the estuarine
sample. Higher levels of trace metals were usually detected in suspended matter samples, (40 ppm
Ni, 200 ppm Cr, 60 ppm Pb, 100 ppm Cu, 320 ppm Zn, and 0.9 ppm Cd) than in sediment. Also,
heavy metals are preferentially incorporated into suspended particles [61, 62], and the reported data
indicate that more than 85 % of Pb, Cu, and Cr is associated with suspended particles. Forsberg et
al. [14] reported considerably higher concentrations of Al, Fe, Cr, and V particularly in samples of
Fucus vesiculosus with epiphytes. Therefore, careful sampling has to be performed to avoid
damaged areas (receptacles) substantially affected by epiphytes, and one needs information on the
contribution of particulate contamination to element concentration levels in Fucus vesiculosus in
addition to the uncertainty of the other procedures. Otherwise, there will be no usable informative
data on the algae and their respective sites. In this work, this problem was recognized throughout

the course of statistic analysis, and will thus be considered in the conclusion.

4.2  Paramelers influencing element concentraiions in brown algae

A prerequisite in using an organism as a biological indicator is to acquire specimens that
characterize the status of the sampling cnvironment. Algae are responsive to the solubie trace
element content of their ambient surroundings. They do not, therefore, reflect total element loads, as
they do not respond to clements associated with organic or inorganic particulate matter. Several
sources of variation in element concentrations of macroalgae have been identified [2, 14]. Fucus

vesiculosus exhibits a vegetation cycle in growth and reproduction. It has the highest growth rate

during the summer, June - August, and growth ceases in late from October to early spring.
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4.2.1 Seasonal variation

Seasonal changes of metal concentrations in algae have been noted by several workers [8, 18, 23,
32, 29, 63-70]. In general, maximum concentrations of some elements (Zn, Cd, Cu, Fe, and Co)
were found in spring and minimum concentrations in autumn [18]. It is suggested that this profile
may be due to the effect of the algae growth on the content of element concentrations. As pointed
out by Lunde [71], ash contents tend to be higher in the spring than the autumn, and this may
partially be accounted for some seasonal variations of trace element concentrations. It is probable
that concentrations of elements in macroalgae increase in the winter months for low growth rate and
are then progressively diluted by the new growth of the plant in spring through summer. To
investigate the seasonal variation of trace element concentrations in Fucus vesiculosus,
representative samples from the North Sea coast were collected in differently characterized sites,
Eckwarderhdme (Weser estuary), Cuxhaven (Elbe estuary), and Sylt-List (less polluted) at
bimonthly intervals for two years (see map). From each site, three parts of 50 plants; tip, thallus, and
basal were dissected.

Algal surfaces reflect dynamic equilibrium processes with the surrounding water, based in particular
on ion-exchange equilibria. Therefore, they should be a good biological indicator for all elements
occurring in ionic form in the aquatic environment. To study the effect of sampling time on element

concentrations, all obtained data were processed with SAS/INSIGHT Software, using the General
Linear Models Procedure for the computation process. In the model, the F-value was taken as the
ratio between the mean square for the model and the mean square for error. It tests how well the
model as a whole (adjusted for the mean) accounts for the element concentrations behavior with
respect to the model. The higher the F-value, the stronger the evidence for the existence of element

variation under the considered factors. The factors are the effect of the collection site, the sampled

month, the year of sampling, and the combination effect adjusted for every other effect.
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Results obtained by this procedure demonstrate that the sampling time and the sampling site have

more Influence on the element concentrations than the combination of other effects (Fig. 4.14).

Concentrations of some elements have significantly different levels for the different collection time

(month iﬁ one year of sampling and/or month in two years of sampling). The variation of

concentrations for some selecied elements as function of sampling time is presented in Fig. 4.15 (a-

d). It is obvious that in the algae:

s Cor}centrations of the foliowing elements are strongly dependent on the sampling time of year
.\é._&;ithi_n thé three collection sites : Mn >Mg>P>Br>Ag>As >Sr=I>Mo=Na>Cd>Ca=
S>Cs=U> Au.

e Mn shows the highest seasonal variation of concentrations in a year. A similar effect was

observed by Bryan & Hummerstone [8] and Carlson & Erlandsson [82], and Frazier i72]
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reported that Mn and Fe dynamics are closely related. In contrast to the obtained results,
Ronnberg et al. [64] reporied marked seasonal variation of Mn with lower values in summer and
higher values in winter, and described the uptake kinetics of Mn as possibly actively and/or
metabolically regulated. Munda & Hudnik [22] suggested that Mn concentrations inn algal tissues
are the main distinguishing characteristic between taxonomic groups as well as in seasonal- and
habitat-conditioned variations.

Concentrations of As and Ag in algal tissues correlated significantly with concentrations in
sediment [36], where seasonal variation in dissolved As inputs is reflected in As content in Fucus
vesiculosus [63], while the removal of dissolved As is often dominated by adsorption onto Fe
and to lesser extent on Mn oxyhydroxides specially in marine estuaries [73]. Also, Langston [74]
and Luoma et al. [36] have reported that the correlation between As in sediment and
F.vesiculosus may therefore be a function of the sediment’s control of solute concentration rather
than the direct availability of particulate As to seaweed. On the other hand, arsenate
accumulation in brown algae is to some extent linked with energy-dependent metabolic processes
and demonstrates the ways in which environmental parameters may affect uptake [19]. This
could prove that elevated As content in algae has a different source than the dissolved As fraction
n water.

As pointed out by Munda [75], during May to July the receptacles are mature and accumulate
water and CI” and CI™-linked monovalent cations Na* and K+, but this accumulation mode may
be shifted depending on the vegetation cycle of Fucus vesiculosus in the North Sea coastal water.
Comparisons between the samples collected in the same month but in different years have
demonstrated that in this case the concentration of the following elements changes significantly;
Mo>Yb>Se>Ca>K>Br>Mg>S8>Cr>Sh.

" Concentration of Br, Mg, and S in Fucus vesiculosus depends not only on the sampling month in

- -ihe__y;:_a.r but also changes from one year to another.

51

=




6 2
==~ Cr.Eck
e Cr.Cux =
e g 5y A
S 4 B 104
= =
= "ef
El 3
o9 21 i ‘ﬁ\ /é \ &) 8
MM,,.\& '\&¢
g g5
T T T T L] T M T 6 T T T T T T 1]
4.93 8§93 1293 494 894 1294 493 893 1293 494 5§94 12.94
3 30 .
i 5. Eck
—— S8.Cux
6 e §.5y1
E 2
=3 4 E”
c £
o o
& 2
0 v . : : : ; T 15 ; ; ; : : T
493 893 1293 494 8§94 12.94 493 893 1293 494 8594 1294
(a)
z
=
?\e 1 T T T T T 1
E_; 493 853 1293 494 894 1294
- —2— Zn.Eck Yy
g F 0. Cux

—a— 7R85 / \W

— 7 T v T [y T T T T T T
493 893 1293 494 8% 1294 4.93 893 1293 494 894 1294

(b)

L

Fig, 4.15 (a-d) : Seasonal variation of some selected element concentrations in Cuxhaven, Eckwarderhorne, and
Syli-List

52




C [pefo] dw

C [pgfg] dw

el

493 8§53 1293 494 854 1254

(@)

53

0.6 80
—B—ApEck —E—As.Eck
0.54 §\ —g— An.Cux _ —&— As.Cux
3 —4— ApS¥l % 7 —iem ASSVL |
0.4+ 3 604 ; /:/&
0.3 ﬂ #
] ; S e kY
624 =} 40 ¥ i‘%
by PR P
01 e e 55 N
0.0 T T — T 20 T T T T T
493 893 1293 494 894 1204 493 893 1293 494 894 1294
6.3 1200
—f—Se.Eck e Sr. Eck
~—2— Se.Cux —g——8r.Cux
: z T —— Se.Syl 1030 dsene S1.8¥1
0.2- = i&\& -
I N / \
& — o
014 A‘W m'-ﬁ?
015 = T w7 Ny
e
2.0 T T T T T T 400 T T T T T T
493 893 1293 49 894 1294 493 893 1293 494 894 1294
(©)
1.8 —=—Cd.Eck .12
1| —&—Cd.Cux w—g——Sb.Eck
1.6 0.16 —o—8b.Cux
1.44
1.2 0.08-
1.0 0.06-
0.8
0.04
0.6
0.4 — T T 7 7T 0.02 T T T 1 T
493 893 1293 494 894 12954 493 893 1293 494 894 12584
0.4 1.2
—=—U.Eck
% CS'ECk E p——— i T
0.3 —e—CsCux| [ s
e 5, 8]
0.2
01 FTHFEERG S At \g
0.9 0.0

493 893 1293 4.94 894 1294




e In the case of Cs, the accumulation patterns indicate summer maxima and autumn and winter
minima, which is not in agreement with data reported by Carlson and Erlandsson [28]. These

differences can be explained by different salinity in collection areas. They reported that the
uptake of *’Cs increased with decreasing salinity, and *’Cs in algae and seawater from the same
localities, had approximately 2.5 and 4 times higher in radioactivity concentrations at 8 %
salinity relative to 15 % and 24 %, respectively. Salinity is a complex variable and does not only
affect the physico-chemical characteristics of the elements but also the biological changes in the
organisms, and the estuarine environments are especially complicated, e.g. great temporal and
spatial variations in salinity. Therefore, element concentration Ievels were considered under all
integrated environmental parameters with respect to the collection sites.

From the data presented in Fig. 4.15(5-(1), it is obvious that the variation of element concentrations

depends not only on sampling time but also on other factors. However, these fluctuations were

elemental and regionally dependent.

® Fucus vesiculosus has its main period of P and N uptake in autumn and winter, which is used
mainly in the production of reproductive tissues in spring - early summer [76]. The sharp

decrease in P concentration which followed each concentration peak occurred during the periods

Iy

of active growth facilitated by the availability of nutrients whose concentrations was previously
low in agreement with Walsh [77] and Walsh & Hunter [66]. The similar seasonal trends of Cd
and P concentration imply that Cd is directly involved in the mechanism regulating P in the algae
(Fig. 4.16) with a noticeable shift in Cuxhaven. Only in the case of Mg, Mn, As, Sr and P were
similar tendencies observed. The proportion of different algal parts varies as the algae grow, and
this may be the reason for seasonal variation. As has been reported by Carlson {78] Fucus

vesiculosus exhibited the highest growth rate during June and August. The mean length of

vegetative tips increased almost linearly with time from May to September.
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Fig. 4.16 : Cd : P ratios of F. vesiculosus sampled from Eckwarderhérne, Cuxhaven, and Sylt-List.

At the end of the year the new growth constituted over 86 % of the total plant biomass. Munda and
Hudnik [22] concluded that seasonal vartations of Zn were less pronounced, and a slight increase
was observed from spring to autumn, in agreement with 1993 and in contrast to 1994 as shown in
Fig. (4.15 b). Morris and Bale [79] concluded that Cd, Cu, and Zn in Fucus vesiculosus are
accumulated passively, but in the case of Mn the accumulation process appears to be partially
regulated. The concentration of Cu in aigal tissue was about tenfold that of Cd [22], corresponding
approximately to the relation of their levels in the sea water [80]. It was found that these ratios for
Eckwarderhéme, Cuxhaven and Sylt-List were 4.17, 4.77, and 5.77 respectively for two years. At
the three collection sites, the order of accumulation found for the concentration of Mn > Zn > Cu >
Cd cdnsisted with what has been noted by Bowen [81]. Frazier [72] reported that Zn and Cu
dynamics -are closely :related and Foster [82] recommended Fcucs vesiculosus as a ;ﬁote_ntial

biological indicator for Cu, but it is more sensitive to increases in the mean ambient dissolved

concentration of Zn. Murray and Meinke [83] demonstrated reduced adsorption for Co and Cd as

well as increased adsorption of Zn in the presence of organic matter. This might be a reason for the

comparability of Co and Cd levels in Eckwarderhéne and Sylt-List, and the presence of 2 high level
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of Zn in Cuxhaven. Also, the effect of salinity interrelates with that of pH in determining metal
solubility {83]. As in the case of Eckwarderhéme and Cuxhaven, Cd seasonal variation was slight.
The reason is that in water with high Zn content, the Zn lons may compete with Cd, and thus inhibit
Cd adsorption [84]. However, F.vesiculosus in water polluted by Zn contained large amounts of
both Zn and Cd [85], and Price and Morel [86] suggested that in Zn- deficient waters Cd #* may
substitute for Zn>* and thus become essential to growth. Also, the ion selectivity of the
polysaccharides determined the nature of the accumulated ions [17]. Brown algae contain ion-
binding substances with higher affinity for Zn" than other cations {20]. Bryan [3] suggested that Zn
in the Fucus plant is an irreversible accumulation rather than an established equilibrium between the
plant and surrounding water. However, higher Zn and Mn concentration at iower salinity may
probably suppress Cd uptake [9]. Also, the uptake of Co is slower than that of Mn and Zn, and
decreases with increasing salinity {28]. In Cuxhaven Zn accumulation into algal tissues is enhanced
in low salinity compared to Mn and Co with respect to Eckwarderhéme and Sylt-List and this
disagrees (regarding Mn and Co) with Munda and Hudnik [13]. The ratio of Mn : Zn concentrations
in Fucus vesiculosus is about 1.2 (Cuxhaven), 2.7 (Eckwarderhdrne) and 5.9 (Sylt-List), indicating
the domination of Mn over Zn in Fucus vesiculosus in agreement with Munda and Hudnik [22} who
found that the Mn : Zn concentration in Fucus virsoides is about 3.45. It seems likely, however, that
Fucus vesicuiosus has a higher requirement for Mn than Zn, bearing in mind that the Zn, Mn, and
also Cd concentration in marine algae are results of irreversible accumulation rather than an
equilibrium between the plants and their surrounding water not like Cu which is apparently
accurnulated by different, merely physico-chemical mechanisms. Miramand and Bentley [67]
reported a pronounced seasonal pattern of Zn and Cd in Fucus serratus. Higgins and Mackey [87]
and also Manley [21] have proven that a high proportion of the Apparent Free Space (AFS)
included bound Zn and Cd (90 - 60 %) in the cell wall and intercellular spaces, whereas it was less
fo__r Cu. The ionic selectivity of cell walls in Atlantic brown algae (Fucoids) showed that alginates

h_a_ve low affinity for Zn, though it is accumulated in high concentrations in brown algae [3, 18, 20}
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which in disagreement with Lignell et al. [38], Pedersen [10], and Munda and Hudnik [13]. Also,
the uptake kinetics for Zn was found to be active aganist intracellular concentration gradients in the
brown algae Ascophylium nodosum [6]. Rice and Lapointe [88] suggested a metabolic regulation of
the Mn content as a result of increasing concentration with increasing growth rate in green algae
Ulva fasciata. It is known that Zn, Mn and Cu are all essential elements, therefore the uptake
kinetics may be active and/or the metals are metabolically regulated in the vegetation cycle of the
algae. Eide et al. [6] realized that the uptake kinetics for Zn was found to be active to intracellular
concentration gradients in the brown algae Ascophylium nodosuﬁi. Data presented in Fig. 4.14 (a,b)
and 4.15 allow the conclusion that for these elements the growth rate is the influencing parameter,
as well as the metal concentration in water, seasonal changes, position of seaweed and particular
portion of plant analyzed [8]. Bearing in mind that the data will not be particularly informative in
regions where dissolved concentration levels fluctuate widely or rapidly, e.g. Cuxhaven, this
confirms what has been suggested by Bryan [3]. For all other elements different parameters acted
together. Ronnberg et al. [65] reporied seasonal changes for the phosphorus concentration in Fucus
vesiculosus. They found that the content of N and P in the tip showed significant seasonal variations
with low levels in summer and high levels in winter. The observed concentration level for P was
similar to that presented in this work. Martin et al. [70] calculated a two-monthly variation using the
mean of the data for the period from 1990 to 1995 when consistent monthly samples were taken.
The results obtained show significant but relatively small annual changes in the mean concentration
of Cd, Cu, and Zn with minima in summer and maxima in winter. The maximum concentration for
the investigated elements was observed in April regarding all sampling sites. Mg and P in Fig.
4.15(a) showed variation with respect to bimonthly sampling time and the collection sites, more
effective variation caused by two years of sampling was found for S and Mg. The variation in Mn is
the .Sl..lm of the dependency on the sampling time and the collection sites, whether bimonthly
sampling and/or in two years with maximum concentration in August and minimum in April. The

variation of Co, Cu, and Zn does not only depend on the sampling months or collection sites but
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also on the sampling year. Miramand and Bentley [67] showed that the concentration of Cr varied
by a factor of 8 in Fucucs serratus, and in Eckwarderhdrme, Cuxhaven, and Sylt-List were found to
be 5.9, 22.2, and 2.83 respectively. Séderlund et al. {89] have suggested that Cr binds chiefly to the
plant cell walls, and the potential contribution of particulate matter for Cr is about 35 %, [90]. In
general, the particulate contribution for Cd and Zn is always low, whereas for Cr it is consistently
high at about 63 % [91]. Also, in Fig. 4.15{(c), variations in As concentrations are due to the effect
of bimonthly sampling, but the response differed when the collection sites were considered as added
effects. Se shows the influence of sampling time for 1993 and 1994 as well as the collection sites on
concentration levels. It was found that the Se level had a decreasing tendency in Eckwarderhdme
(Feb. 93 - Dec.94). Variations of Sr, Cd, and U are monthly, yearly, and collection-site dependent.
The concentration of Ag varies with respect to the collection sites, but not effectually within
bimonthly sampling. Correlated variation patterns were found between Cu, Zn, Cd, and Ag in
Eckwarderhtme and Sylt-List, as well as Cs and Cr in Eckwarderhdrne and similarity in the
variation of Mn at the three collection sites. Two years’ sampling time was needed to notice any

observable variation for Sh.

4.2.2 Influence of sampling area

Many authors reported the variation of element concentrations in Fucus vesiculosus according to the
sampling area [7, &, 18, 33, 40, 41, 69, 70, 92]. From the data presented in Figures (4.14) and (4.15)
it is obvious that the sampling area has an important infiuence on element concentration in the
algae. Based on the bimonthly concentrations of some selected elements from Eckwarderhome,
Cuxhaven, and Sylt-List the mean values for two years were calculated. Concentrations of Sr, Ag,
Sb, Cr éfe higher in Eckwarderhéme > Cuxhaven > Sylt-List (Fig. 4.16). Higher concentrations of
P, Co, Se were found in Eckwarderhtme, Zn, Mg, S, Cu, and U in Cuxhaven, and As in Sylt-List.
Data éresented in Fig. 4.14 indicate that the order of the following element concentrations of Co >

Cu>Zn>Mn > Yb > Au > Cs are strongly dependent on the sampling site if the sampling time 18
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not included in the calculation. If the sampling time in the year is coupled with sampling site, the
elements are altered in the following order: Mg > Ag > As > Mo > Br> 1> Mn = Na = P. If the
sampling year and sampling site are coupled the concentration of the following elements change: Se
>Mn > Yb> Co>Zn> Au > Cs > Cu. Only Mn is presents in all three groups of elements. In Fig.
4.17 (a-b), the central line in each box represents the median (50 %) and the edges mark the first and
the third quartiles (75 % and 25 %), as well as the mean concentration value. Therefore, box plots
provide a concise display of element distributions and a measure of the tendency of the deviation
from the mean to be larger in one direction than the other. In some of the box plots the mean values
will lie on the central line or in one of the guartiles, where some of the overall high and/or very low
concentration values will also cause elongation in the extended line through the box plots to the
maximum or minimum value. Such cases were found for the collection sites as follows;
Eckwarderhérne : Mg (Jun. 93 and Jun. 94), Cr (Aug. 94), Cs (Jun. 93 and Aug. 94), and U (Jun.
S4).

Cuxhaven : P (Apr. 93 and Apr. 94), Cr (Aug. 94), Zn (Apr. 94), As (Apr. 93), Se (Oct. 94), Sb
(Feb. 93 and Jun. 94), Cs (Aug. 94 and Oct. 94), and U (Oct. 94).

Syl¢-List : Ag (Apr. 93) and Sb (Oct. 93).

Table 4.1 (a-c) describes the pictorial representation of the distribution of element concentrations

influenced by the collection sites as well as the variation factor.
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Table 4.1 (a ) : Distribution of element concentrations in Cuxhaven for two years of sampling.

Element

Year

February

Jumne

August

October

December

Variation factor

April

94

04 £ £ sevese sk EES EAHF 1.20

P 93 ik sk & * e wHH 1.62
5 93 A * ek s sk e 1.26
04 R ek ek 3 % ek 1.28

Cr 93 % ek sk # # % 1.55
Mn g3 %% & s 1 % % 1.37
Co 93 *® % = ek % sk 1.42
Cu 93 EESS # % A e e 172
7n 93 L # Hak L * e 1.87
94 b2 H P28 sk Bt s 1_89

As 93 iH e oo i e 1.85
a4 sk LTS ek s ok 1.15

Sr 93 sesiesiesk # # * ] EE ] 1.83
Ag 93 ek et = L %% % 1.83
Ca 93 sk & * Heskeske Sk ek 1.27
a4 ® W % sk sk wigk 1.53

Sb 03 j51 * sk e sesesk Sedfesiesk 1.83
94 dea L L F% e ek 1.43

Cs a3 % % E ook = # 1.32
04 e w5 L2 H H % 3.31

Hg 93 A H % s AR g 2.40
94 e Rk e %% w% e 1.33

Each of the (* - intervals) represents a percentage of the maximum concentration

P, g 7
min. - 25 %

kS

L
H

25-50%
50-75%

FE _ wriavw
= IidA

low
high

Variation factor = maximum concentration divided by minimum concentration
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Table 4.1 (b) : Distribution of element concentrations in Eckwarderhdrne for two years of sampling,

Element

Year

February

April

August

October

Variation factor

04 ® * qH sk S e 1.9
Co a3 R Rk * EEEES Aok ek s 1.47
Cu 93 ek ek PR * EEES T3 sk 1.33
7n 03 sesksiesk ook B3 kK % ek 1.58
94 B 2] etz B LS sk seckk 2.49
Q4 Stk sk EEE] S £33 Sl 1.26
Sr 93 Sk *® % ETT] P ET ) 1.40
Cd 03 ke K * 3 LS ok 1.51
Cs 93 Hes LT H HokRk sk % 2758
94 * % EE H * E 4.33
i 93 XY ek EEE R sk EES S 171
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Table 4.1 (c) : Distribution of element concentrations in Sylt-List for two years of sampling

Element | Year | February | April | June | August | October | December | Variation factor
Cr 93 % Aok o # etk ® 216
94 s £ = SR sk sk 2.31
Cf} 93 sl £ B3 HEE sk s 1.87
Za %3 ok e S s # R 231
04 EEEE sersE ok % % ek 2.08
Se 93 HeHe #* e Hedke Sl B2 2 1_32
94 s sedesiesk * ek % sk 1.79
Ag 93 scdesik = e % * d 547
a4 ek sk e ok sese R 253
04 skt sk T % #* xR 1.96
Q4 B sk £ e = = 1.65
04 e sk % e # s 1.08

The mean Hg levels in seaweed show significant intra-specific variability between

TR

different pollution as well as inter-specific variability at each site. The Hg levels found in the aigae
(Fig. 4.18) are heterogeneous both temporally and spatially with respect to the collection sites and
this is in agreement with data of Ferreira [93]. Maxima in Hg concentration in tissues appeared m
late winter-early spring, and often a moderately decrease was found in the summer. The seasonal
nature of the peaks suggested that variation in Hg may be linked to physiological aspects of algal

production rather than to fluctuation in dissolved Hg levels.
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Fig. 4.18 : Regional and seasonal variation of Hg concentration in Fucus vesiculosus.

A discrimination analysis using stepwise selection was performed. This procedure selects a subset
of quantitative variables which will be a valuable aid in discriminating between the collection sites.
The significance level to enter, and to stay in stepwise discrimination analysis is 0.15. The analysis
was performed on the data from the three collection sites together, Eckwarderhome and Cuxhaven,
Sylt-List and Cuxhaven, and Eckwarderhome and Sylt-List. As a result of the analysis, Fig. 4.19
shows the effect of different sampling sites on elemental concentrations, and the possibility of
differentiating between collection sites based on selected element concentrations. Table 4.2 shows
the mean concentration (pg/g dw), the range (maximum - minimum), variation factor (maximum /

minimum) and the coefficient of variation (SD/ mean)... .~
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Table 4.2 : The mean concentrations (ngfe), ranges, variation factors (V.f), and coefficient of variations (C.v) for

the elements used in the discrimination analysis.

BElement | Parameter | Eckwarderhérne Cuxhaven Sylt-List
Ba Mean 45.4 164 44,1
Range 55.1-354 252 -1Q7 535.314
V.f 1.67 2.36 1.77
Cwv 4.5 26.7 16.8
Cu Mean 6.0% 6.04 3.21
Range 7.31 - 4.46 7.35-3.94 431-259
V.0 1.64 1.87 1.65
Cv 14 15 20.2
Co RMean 3.81 1.52 2.56
Range 4.8-3.15 2.48-0.923 3.49-181
V. 1.53 2.69 1.93
Cv 15.3 29.1 22.7
I Mean 440 286 683
Range 651 - 321 413 - 153 1619 - 374
v.i 2.63 2.7 2.72
Cw 258 29.8 325
Zn Mean 116 190
Range 157 - 94 318-96.8
V. 2.49 3.2%
Cwv 25.5 28.8
P Mean 4868 2832
Range 6860 - 27558 3616-2222
Vi 2.9 1.63
Cv 254 15
Mg Mean 8337 8717
Range 9885 - 7748 9610 - 7290
V.f 1.29 1.32
Cuwv 8.4 8.8
Se Mean 0.166 §.105
Range 0.256 - 0.098 0.188 - 6.077
V.0 2.6 2.44
C.v 338 25.6
Na Mean 30483 33621
Range 411060 - 18560 | 37500 - 28950
V. 2.22 103
C.v 18.8 6.9
Th Mean 0.027 0.014
Range 6.057 - 0.017 | $.021-0.008
V.S 3.35 2.63
C.v 36.8 30.8
As Mean 459 528
Range 57-32.5 64.7-32
v.r 175 2.02
Cv i5.7 19.3
Cd fean 1.08 0.774
Range 1.34 - 0.633 1.1.0.53
Vi 2.12 2.7
C.v 22 227
Sr Mean 954 750
Range 1168 - 747 §99 - 561
V.f 1.56 1.6
C.v i4.3 17
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The mean concentration levels of Ba, Cu, Co and I were used for the discrimination between the
three collection sites. Each one of these elements represents the collection sites. The spread of the
points is due to seasonal variation of two years of data and may include some extreme values. The
level of I in Eckwarderhome and Syit-List overlaps because of the induced salinity pattern and
seasonality, but the concentration levels of Cuxhaven can be distinguished from each one
separately. Also, manganese dioxide in the mud would probably be reduced to manganous ion with
the result that more soluble manganese would become available. McKenzie and Taylor [94] have
shown that Mn oxide particles in the sediment tend to concentrate Co, therefore Co may be released
into water along with Mn. Therefore also, the surface sediment contributes to the level of Co
concentration in Eckwarderhdme and Sylt-List. Fig. (4.20) shows the comparison between
Eckwarderhérne and Cuxhaven. The mean concentration levels of Co, Zn, Mg, Se, and P were used
for the discrimination between Eckwarderhdme and Cuxhaven. These elements are characteristic
not only of the collection sites, but also for the year of sampling as indicated in Table (4.1 a,b).

For the comparison between Sylt-List and Cuxhaven the elements, Ba, Cu, Na and Tb were used. As
shown in Fig. 4.21 more spread in Cuxhaven values than in Sylt-List was observed for Na and this
may be explained by varying levels of fresh-water inflow, tidal state, and longshore drift. The
concentration levels of Cu in Cuxhaven are higher than that of Sylt-List, and the concentration
levels of Na in Sylt-List are relatively higher than that of Cuxhaven. The significant higher levels of
Ba, Zn, Cd, Cu, and Ni in samples from Cuxhaven could be emanated from industrial activities or
be run off from the Elbe River, it could also indicate increased biological availability at Cuxhaven.
In comparison between Sylt-List and Eckwarderhome the elements Cu, As, Sr and Cd were used.
Fig. (4.22) shows relatively similar ievels of As in both Eckwarderhéme and Sylt-List at different
levels of Cu. The coefficient of variations of ail the elements is due to the variation of the bimonthly

concentration around the mean concentration of the elements.
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Fig. 4.21 : Discrimination between Cuxhaven and Sylt-List based on pairs of element concentrations.
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Fig. 4.22: Discrimination between Eckwarderhdrne and Sylt-List based on pairs of element concentrations,
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The multivariate technique of principal component analysis (PCA) using SAS/INSIGHT software,
was used to examine quantitative relationships among all of the 41 determined element
concentrations 1n the three sampling areas. PCA reduces the dimensionality of the data set while
trying to preserve the structure and identifies the groups of elements which might act together in
some predicted manner. The first PCA-1 has the largest variance of element concentrations in linear
combination with the sampling time. A summary of the exploratory data analysis is given in Fig.
4.23, in which the first and second PCA components with the element concentrations were
identified by their collection sites. In PCA the first component summarizes 28 % of the variation in
the dataset. The cumulative percentage of the second component is 51 %, and three components
explain 64 %. Subsequent components contribute less than 5 % each. The distribution of
populations along the axis shows that the arrangement of element concentrations is fairly elongated
along the first and second components. Also, it is possible to identify regional trends, and it was
shown that Eckwarderhdmme and Sylt-List fall into overlapping units and both almost exist in the
positive loading of the second PCA-2 component. Cuxhaven exists in the positive loading of the
first PCA-1 component. There are three data points outside the “normal” range: Eckwarderhorne
Jun. 93 and Aug. 94, which may correspond to the fertility peak in June and the increasing biomass,
as well as Cuxhaven (Oct. 94), which might be due to artificial factors such as shipping traffic at the

time of sampling. They located at the extreme right with a high overall average ratio of element

concentrations and bimonthly variation.
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Eckwarderhéme and Sylt-List were found to have a common behavior of variation patterns, in
which salinities were similar and higher and less fluctuating than that of the estuary water in
Cuxhaven. The eigenvectors corresponding to each of the principal components are used as the
coefficient to form a linear combination of the element concentrations (principal component). Fig.
4.24 shows that the first and second PCA eigenvectors have positive load on the following
elements: La, Zr, Th, Ce, Sm, Cr, Ta, Cs, Sc, U, V, Fe, Pb, Se, Sb, Rb, Sr, and Na. The elements are
sorted on the basis of the highest loading with respect to the first PCA. The elements Hg, Mn, S,
Co, Mo, P, Br, Au, K, I, and As have negative load with respect to the first PCA eigenvectors, and
the elements Ca, Bu, Cu, Th, Yb, Cd, Ni, Zn, S, and Ba have negative loading with respect to the
second PCA eigenvectors. From Fig. 4.24 it was found that the chemical and physical properties of
elements such as Sc, V, Cr, Fe, Pb, Zr, La, Hf, Ce, and Th as well as Ni, Cu, Zn, and Cd are piay an
important role in the characterization of the collection sites and showing site-independent correlated
groups. A close look at data from each of the collection sites shows that different elemental patterns
are positioned on the first and second PCA, which indicate that different environments and
substrates are the major influencing factor on the accumulation of elements from their surroundings.
This has been found in the stepwise discrimination analysis as well.

Fig. 4.25 shows a contoﬁr of the elements which are comelated with the PCA components is
presented. The samples included in the analysis were reduced to distinct groups of elements such as
Sc, V, Cr, Fe, Cs, La, Pb, Th, and rare earth elements. Also, among the distinct groups Cu, Zn, Cd,
Ag, Au, and Hg, as well as P and As. In fact these elements are enriched in the surface sediment,
and the algae spent 1/3 of their lifetime lying on the substrate at low tide. Mart and Niirnberg [95]
concluded that the dissolved Pb in the Elbe estuary is about 9 %. The total amount of Pb is
practically determined by the fraction of Pb bound to particies. Bryan and Hummerstone [8]
reported that surface cleaning by additional brushing is thought to reduce Fe to 74 % , Mn to 62 %,
and Cu to 89 %, respectively. Also, levels of particulate and dissolved organic matter, and their

presence will influence the binding of metals on the surface of Fucus vesiculosus to a different
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extent. Luoma et al. [36] have suggested that the concentrations of Cu, As, Pb, Zn, and Ag in algal
tissues correlates significantly with concentrations in sediment. Cu and Pb, the metals with the
highest selectivity coefficients for binding, showed the strongest correlation of tissues and sediment
concentrations. Bryan et al. [91] reported that in general, the particulate contribution for Cd and Zn
was always low, whereas for Pb and Cr it was consistently high at about 63 %. For the remaining
metals particulate contributions were < 15 %, although occasionally much higher. Langston [74]
and Luoma et al. [36] reported that there is a correlation between Aé in sediment and tissues of F.
vesiculosus, and that the Cu concentration increased in seaweed t;,issues by scavenging from surface
sediment. The polyphenolic proteins of Fucus species have a strong tendency to complex metals
such as Cu, Pb, As, Zn, and Ag when they come into contact with the plant surface [96]. Autio and
Kangas [32] concluded that Fe varied irregularly in algal tissues, and the mucus covering the thallus
may also contain Fe, which means that not all the Fe measured was bound to the algal tissues [97].
Barreiro et al. [90] demonstrated that Fe shows a pattern similar to Cr and Al between different
tissues caused merely by the quantity of fine sediment adhering to the surface, generally the finer the
sediment the greater the binding capacity. Therefore, Fe has a positive load on this group, and the
source is the surface sediment with which the algae came into contact during low tide. In Fig. 4.26
(a), the eigenvalues indicate that the first component accounts for 38.6 % of the total variance in the
daiaset of EckwarderhOrme, the cumulative percentages of the second is 57.7 %, and 70.4 % for the
third. The first PCA has a positive load on Jun. 93, Aug. 93, and Aug. 94, which are the months of
biomass increasing - consequently the water content of the algal tissues and the surface area - and

negative load on late summer until the beginning of the fertility peak in early spring.
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Fig. 4.25 : Contour plot of the third against the first and the second PCA eigenvectors in Eckwarderhorne.

Zolotukhina et al. [98] have reported that the most significant structural characteristic and the one
particularly important in the rapid uptake of metals, is the specific surface area of the thallus. In fact,
the surface area of the algae plays a key role in possible alternation of the accumulation factors as
well as the contamination factor resulting from the suspended particulate matter and fine sediment.
Asan egampl_e from the data on Fe and Cs, it was found that the coefficient of variations were up to
52 % aroﬁ_nd the mean concentration. The first PCA shows positive correlation with Cr, Fe, Pb, Cs,
V, Sc, and Th as well as negative correlation with P and As. The second PCA component has
positive load on the year 1993, and negative on the year 1994. Also, the second PCA has positive
correlation with Se, Cu, Co, Mo, Ca, Au, and Ag, as well as negative correlation with Sm. The third
PCA component has positive load on February, April, and June while negative on August, October,

and December, this behavior was shown for both years. The third PCA is positively correlated with

Na, Rb, Mg, K, S, and U and negatively with Ca.
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One may explains this behavior by the existence of a winter or spring maximum and a sumimer or
autumn minimurmn, or biological requirement of the vegetative cycle of the algae e.g. Rb and Na as
in Fig. 4.26 (b). This pattern is attributed not only to changes in the tissues due to the vegetation
cycle or to bioavailability of these elements in the environment, but also to seasonal variation of
temperatures. However, the interpretation of this behavior is not obvious, and it was found that for

some elements such as Se and Cu concenirations may have decreased in 1994,

PCA-Z (eigenvectors)

PCA-1 (eigenveciors]

Fig. 4.27 : Contour plot of the third against the first and the second PCA eigenvectors of all the elenients
determined in Cuxhaven.

In Fig. 4.27 the estuarine water in Cuxhaven was characterized by factors such as the different
mixing ratio between Elbe river water and sea water, its spectacular tidal range, high sediment load,
wide salinity range, Jarge heavy metals inputs, and consequently increased substantial upwhirling of
the suspended particulate maiter besides the influence of the amount of light available to the

immersed algae. The positive loading of first PCA on As, Hg, V, Fe, Sc, Hf, Zr, and Pb as well as

75




Yb, La, Sm, Tb, Ce and Th reflects these factors when compared to those of Eckwarderhorne. The
differences based on element concentrations in the same bioindicator (brown algae) collected from
different collection sites for long-term monitoring is the most suitable method for studies of the
potential factors affecting accumulation processes, otherwise it would not be possible to distinguish
between studied sites. In the environment of the three collection sites the major effective factors
influencing the elemental concentrations are salinity, wave exposure, age, plant morphology, and
different inputs of pollution sources. Therefore, besides the above mentioned factors, and on the
basis of the status of soluble chemical species in the ambient environment, there is a level of
heterogeneity in the collection sites and within the sampling years of the same collection site. The
tolerance of algae to all these factors is shown by the repetition of the accumulation patterns of the
discussed element groups with respect to concentrations (Fig. 4.27).

The obvious correlated groups of elements are Sc, V, Fe, Se, and Pb, as well as Cr, Zr, Th and rare
earth elements, which are correlated with Hf also, in the case of As and Hg, Cu and Ni, and Cd and
Zn. It was found that Ta has the highest positive load, and shows approximately equal loading on
Hf, Th, Tb, Zr, Ce, Sm, and Se. Fig. 4.28 (a) shows that in Cuxhaven the first PCA component
accounts for 37.6 % of the total variance through fhe sampling time, and cumulative percentages of
the second PCA component 55 %, and 68.8 % with the third PCA component. The first PCA
component is positively correlated wiith Hf, Th, Zr, Se. Cr, Fe, Sc, Pb, and rare earth elements. The
second PCA component is positively correlated with Mn, Cu, Zn, Ni, Co, Cs, and Cd, as well as
negatively with Yb, Mo, As, and Hg. The third PCA component positively correlated with Ca, Sr,
Sh, S, Ni, Mg, and Cu, as well as negatively with As, P, Hg, and Ag. Another variation mode was
shown by the Cuxhaven collection site as described by the first, the second, and the third PCA
components. Positive load was detected on early spring 1993 until Aug. 93. In general, by constant

element contents in the body of water, the concentration should rise in slow- growing wintering

plants.
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Thereafter concentration would decrease uniil the beginning of winter as a result of continuing
growth. However, this does not imply that no seasonal variation exists as was reflected by the
continuous negative load of the first PCA on the sampling time. In fact the overall high
concentration in Oct. 94 suppresses and masks the variation mode in the summer months. Fig. 4.28
(b) indicates that Pb shows a maximum in late spring and a minimum in early winter, as well as Sc,
V, Cr, and Fe. The behavior of the second cumulative PCA concludes that essential elements such

as Mn is a biological-dependent element related to the physical condition of the algae.
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Fig. 4.29 : Contour plot of the third against the first and the second PCA eigenvectors for all elements
determined in Syli-List.

In Sylt-List, Fig. (4.29) shows the resultant correlation of the determined elements with that of the
first, second and third PCA in two years’ sam ﬁng time. The combined effect of an almost uniform
degree of ambient water together with a very slow flushing rate were considered to minimize the
effects of changes in metal concentrations, i.e. more or less natural behavior of seasonal variation.

The element distribution patterns in Sylt-List are different from that of Cuxhaven, and have an
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obligue similarity - in the biological response of the algae - with Eckwarderhérne regarding the
salinity-induced pattern of accumulation with different levels of concentration in algal tissue, as
well as the increase in nutrient release from the sedimenting organic matter by the metabolic
activities of mussels. The first PCA is positively correlated with Fe, V, Se, Pb, Sb, Mo, Co, Eu,Tb,
and Yb, and negatively with Na and Mg. The second PCA is positively correlated with Cs, Hf, Zr,

Th, Sc, Ta, and Ce, and negatively with Mn, S, Sr, I, As, and Ba. The third PCA is positively

correlated with Mn, U, and Mg, and negatively with Ag, Cu, Zn, Cd, and P. According to what has-

been discussed above, En, Fe, Tb, V, Se, Pb, Sb, and Yb received the highest positive loading. In
Fig. 4.30 (a), the eigenvalue of the first PCA component in Sylt-List accounts for 32.7 % of the total
variance of element concentration with respect to the duration of sampling time. The cumulative

percentages of the second PCA component is 55.1 %, and for the third 70.5 %. The first PCA

component shows positive loading on the winter and early spring, and negative loading on the.

summer months. This suggests that element concentrations are expected to have lower levels with
increasing biomass, whereas in fact a different variation pattern was found in Eckwarderhme and
Cuxhaven taking into consideration the different environmental factors between the years. These
differences could be due to the fact that Sylt-List is a relatively undisturbed natural area with respect
to the other collection sites of the North Sea coast. Fig. 4.30 (b) gives an example of the variation

pattern of Fe and Cs, in which it is shown that they are in correlation with the first and second PCA

COmMpONents.
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Fig. 4.30 : (a) Variation of PCA as a function of sampling time in Sylt-List (b) Variation of Fe and V (PCA-1), Cs




4.3  Fingerprinting of elemental content

Accumulation patterns in the collection sites of Eckwarderhdrne, Cuxhaven, and Syle-List
(minimum and maximum * SD of the seasonal variation regarding concentration values for all
determined elements ) are shown in Fig. 4.31 (a-¢). The characteristic feature of this matrix reveals
important information on the expanding concentration range in the collection sites during the two
years’ sampling time. Similarities and/or differences in the environmental parameters of these
localities, such as temperature, salinity, turbidity, and also nutrient _éontent of the ambient seawater,
etc. are integrated together influencing the element concentrations and their ranges. Fig. 4.32 shows
the normalized variation ranges in the three collection sites as calculated from the following
proposed equation:

Coox — Cui
max TR (q 1)
C :
; nean

i = two years sampling time

Cnax = Maximum concentration in two years

Cuin = minimum concentration in two years

Crean = mean concentration of two years

There is a comparability between the normalized variation ranges in Eckwarderhtrne and
Cuxhaven. This comparability may be due to grouping of gier:nc:nts interrelate with estuary
environment than that with sea water environment as in Sylt—List.:;Fhe normalized variation range of
the following group of elements; Na, Mg, Sc, Fe, V, Au, Cs, Pb, Se, Hg, Hf, Rb, Sm, Eu, Tb, Cr, Th
and Ce was highly pronounced in Eckwarderhdrne. In Cuxhaven, Zr, Ta, Eu, NI, Ba, La, Co, As,
Cu, Zn, Sb and I showed higher normalized variation range than other elements, as well as P, K,

Mo, U, Cd, S, Ca, Ag, Sr, Mn and Br in Syit-List.
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Eckwarderhorne, (b) Cuxhaven, and (c) Sylt-List
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Fig. 4.32 : Dentogram of norimatized Varlatmn ranges for discriminated group of elements in the three collection
sites.

Fig. 4.33 shows selected correlations of the seasonal variation of trace metal concentrations at
different locations along the North Sea coast. It demonstrates that although there are differences
between sampling sites particularly because of various environmental parameters and covariables

such as the specimen parameters of age, length or weight, there are similarities in the behavior of

elemental groups as discussed above. The elements prese enied in

Sealralilvaiaiia S 221 L Al i

Fig. 4.33 are randomly selected
from the correlation matrix from each site as an example of the correlated. group of elements. The
selected correlated elements show a very good correlation factor (R = 0.82 to 0.95) with respect to
two years of sampling including all the possible variabilities. These correlations are due to physico-
chemical properties of the correlated elements, i.e. if there is a potential source of contamination
such as in the case of mine wastes [35], the presence of elements of anthropogenic origin may raise
concern about the existence of other co-correlated groups of elements which are known to be

priority pollutants.
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4.4  Variability of trace element concentrations in different parts of Fucus vesiculosus
Parts of algae plants of the same species grown under identical environmental conditions
exhibit marked differences in their trace element concentrations. This is apparent from plant to plant
of the same species, as well as from one species to another [82]. There is a tendency for increasing
concentration of metals with age. Bryan [99] showed that concentrations of heavy metal tend to
| increase with distance from growing tips because of slow accumulation, more binding sites, and
possibly some contamination of older parts with fine particles. Pedersen [10] has demonstrated a
positive correlation between phenol content in F. vesiculosus and age of the tissues, the higher the
phenol content the older the tissues. Also, Lignell et al. [38] have reported that the highest
concentration of heavy metals is localized in the physodes (presumably bound to polyphenols), and
in the cell walls (presumably bound to polysaccharides). Autio and Kangas [32] have concluded that
samples from the top - tip and mid section - will give the accumulation in the last season and
samples from the stipes give the accumulation of several years. Mathieson et al. [100] have reported
that the average weight was significantly greater in spring and early summer and the reproductive
periodicity of Fucus vesiculosus has its maximum in April. Four vegetative characters - length, wet
weight, density of algal tissues, and area of different parts - were measured in Aug. 1994 and Feb.
1995. Data presented in Table 4.3 demonstrate that the sampling time has a limited influence on the
length and the density (dw) of the algae. Weight, water content and area of the organisms collected
in August were significantly higher than those collected in February. Depending on the element, as
well as on the time of the year, the trace element concentrations differed between the algal tissues of
different age. The General Linear Models Procedure was used to study the influence of sampling
time and different parts of the algae collected from Eckwardethdme on element concentrations. The
model shows the importance of biological parameters in explaining the variation of element
concentrations in different parts of the algae. In fact, conclusions made on the analytical data based

-only on dry weight are sometimes misleading, because the covariant factor such as different water

content, age, and collection season are not included.
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Table 4.3 : Vegetative characters of ten individual Fucus vesiculosus plants coliected from five points in

Eckwarderhérne, Cuxhaven, and Syli-List.

TR T

Site Length Weight {g} Water content {%)* Density (g/cin® dw)* Area (m)y*
{cm} Wet Tip Thallus Basal Tip Thallus Basal Tip Thailus Basal
Eck. Feb. 224145 8.8+ 4.8 17 9 18 1.67 L07 094 0015 0.037 0.002
95 243 £6.6 8.6 = 5.0
28273 i24+ 4.8
250+ 5.0 73% 35
241+14 0.8+ 6.1
Aug. 94 26.8% 5.5 194+ 12.8 88 65 56 102 1.06 0.98 0.020 0.056 0.004
265+ 9.9 278+ 154
29.7+ 9.9 27.7 % 11.2
284 57 325+ 13.2
26.7+ 6.9 268+ 17.7
Cux. Feb. 20.2 + 4.4 10.6 = 4.6 19 13 7 1.05 104 103 0.0615 0.021 0.004
g5 156 = 3.8 7.8+ 2.8
183 + 54 49+ 1.6
214 £ 590 87% 2.2
20,8 + 44 58+ 1.8
Aug. 94 248 £ 5.5 234 = 12.5 8% 68 3 101 097 098 0.022 0.043 0.006
200 x102 35.1+ 18.0
249 = 7.5 43.2 £ 214
376 = 83 54.1 = 299
326 £ 76 374 + 20.8
Sylt-List 231+ 29 52 + 12 17 i1 9 105 1.07 L1L.04 0.016 0.03 0.003
Feb. 95 225zx 5.8 88 + 32
210236 120z 49
45.0 = 10.1 135+ 55
3240 £ 7.8 9.2 % 4.7
Aug. 84 3%.2 = 3.2 188 + 4.5 83 67 59 1.06 096 1.02 0.022 0.052 0.067
41.7 % 10.7 | 305 £ 17.%
384 + 6.7 311 = 155
373 + 84 26.7 + 150
327 £ 92 255 = 159

¢ =1is the mean value

Graphical representations based on the F-value (Fig.4.34) demonstrates that some of the elements
are more nfluenced by the part (such as Na, Co, As, Rb, Ag, Sn, and Ba) while others (P, Sc, V, Cr,
Fe, Cd, Cs, and U) are influenced by the collection season. Also, the combination effect of the parts
and the sampling season strongly affects P, Ag, and Cd. However, pooling of several individual
specimen into homogenates of different parts, tip, thallus, and basal parts may lead to more reliable

estimates.of concentration levels.
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4.41 Comparison between element concentrations in parts of algae at different sampling fimes
Fig. 4.35 (a-b) shows the various biological and physiological covariables such as age, sampling
season, as well as the variability of the element concentrations between the individual groups from
Eckwarderhdme. An increase in the variance is an indication of elevated heterogeneity in the
individual group before detecting differences in the mean values between the parts of the algae.
Three groups of elements are observed ;
group.1: elements showing higher concentration in samples collected in August than in February

Tip : 8¢, Cr, Fe, Rb, Cs, Pb, V

- Thallus : Na, S¢, V, Cr, Fe, Ag, Sn, Pb, Cs

Basal :S¢,V,Cr, Fe, Co, U, Cs, Pb

group 2 eigmer_lts showing similar concentrations in both seasons
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Tip »As, Na, V, U, Co, Sn
Thallus :As, P, Co, U, Rb, Cd
Basal 1 As, Na, P, Rb, Cd, Sn, Ba

group 3: elements showing lower concentration in samples collected in Aug. than in Feb.

Tip :P,Ag.Cd, Ba
Thallus :Ba
Basal tAg

It is of great interest to recognize that Sc, V, Cr, Fe, Sn, Cs, Pb, and U having the same distribution
of element concentration patterns. This result confirms what was found in the PCA analysis for
whole plant collected from different collection sites. Also, older parts obviously contained

considerably higher concentrations.
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4.4.2 Comparison between element concentrafions in paris of algae from different sampling
areas and different sampling times

The selected element patterns in tip, thallus, and basal parts, in two different collection
seasons and the three sampling areas are shown in Fig. 4.36 (a-d). There are obviously variations
similar to or even greater than that found for Eckwarderhdrne in both Cuxhaven and Sylt-List. It
was found that the partial concentration patterns of the elements Co, Cu, Ni, Se, and Hg are almost
the same with respect to the collection areas and collection seasons. It is true that the single
extremes will influence the mean values, however, the biological variability may greatly exceed the
analytical precision as has been shown in the different algal parts in Eckwarderhrme in comparison
with Cuxhaven and Sylt-List. The comparison shows that a substantial part of the variation In
concentration levels in the algae could be explained by collection season, as well as the tissue of the
part. Among older parts both low and high concentrations are found whereas émong tips (younger
parts) low concentrations are found except for Cu, As, Ag, Zn, and Cd. This may be explained by
differences in the reactivity of uptake routes in the cell walls of the surface between the different
parts. The tips of the algae are fairly stationary and hence representative of the collection area and
presumably homogeneous with respect to exposure to frace element concentration in the ambient
water. In fact the surface area is very impertant if we consider the impact of suspended particulate
inatier. The greater the ratio of the surface area to the weight or volume of the thallus, the greater

the fraction of cells involved in the uptake of ions from the environment.
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Concentrations of some selected clements from the investigated areas with respect to.algal parts and

collection seasons are presented in Table 4.4 a-c. Only the elements of different variation patterns in

. Cu_xha_ver_a_ and Sylt-List - from that of Eckwarderhdrne were presented in Table 4.4 (b-c).
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Table 4.4 (a-¢) : Conceniration of selected elements [pgfg dw] with respect to different parts of the algae
collected in Aug. 1994 and Feh. 1995 (%% 5 =% » %)

a- Eckwarderhorne-

Element Date Tip Thallus Basal
vV Aug.94 = ) W
Febd5 * il FEE
Cr Aug.94 ® R *E
Feb.05 % w3 W
Min Ang.94 * wEE w3
Feb.95 * i wx
Fe Aug.94 e e o
Feb.95 * HEE w
Co Augf4 * w= BEE
Feb.85 ® HEE wE
Cu Aug 94 * wE wEE
Feb.95 R ® wE
Ki Aug54 ® wE FEE
Zn Aug.94 * w5 B
Feh.95 EEE R ®
As Aung.94 i = w®
Feb.95 R = **
Se Aug.94 * B wEE
Ag Aug 94 wHEH = w3
Sn Ang.94 * A =%
Feb.95 = FEE W
Feb.95 * i wx
Ba Aug.94 ® Rk ==
Feb.95 * ol wE
Hg Aug.S4 ® w% FEE
Feb o5 # EEE s

From Table (4.4) it is clear that some elements could be efficiently detected in the tip parts. These
elements are Cr, Cu, Zn, and Cd in February as well as As and Ag in February and August. Also, the
concentration levels in the different parts differed from one site to another, but it was found that the
difference in distribution patterns of element concentrations between parts is less pronounced in
E_ckwarderhéme and Cuxhaven reflecting the common estuary characteristics. However, Zn, As,
Ag, and Ba show common distribution patterns with different concentration -levels in

Eckw_ard_erhéme and Sylt-List, and Ni and Se in Sylt-List and Cuxhaven. Also, the high metal

conceniration in 7. vesiculosus basal is due to siow and irreversibie accumulation [8, 31, 101]. ..
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b- Cuxhaven

Element Date Tip Thallus Basal
Cu Aug.94 ® ® o,
Feh.93 % w3 s
Ni Aug94 % e s
Febh.95 # w3 g
Zn Aug94 # A s
Feb.95 * wAF e
Se Aug.04 # kids ek
Feb.95 * wE s
Ag Aug.94 wEE % =
Feb.95 HEE ® &3
Cs Aug94 =% wE ®
Feh.95 * AR w
Bz Aug.94 B e i
Feb.95 * BEE wE
Hg Aug.94 i e =
Feb,95 # P e
¢- Syit-List
Element Date Tip Thallus Basal
Se Aug94 *® ®E w0
Feb.05 £ £ ET TS
Y Aug.94 *® &% P
Febh.95 &= o g
Cr Aug.94 w5 o
Feb.95 FHE ® #%
Mn Aug.94 # H® R
Feb.95 b B FEH
Fe Aug.94 ® L o
Feb.95 # ik s
Co Aug.94 = =% wHE
Feb.25 * B s
Ca Aug.94 e ® =
Feb.95 wEE # s
Feb.95 # % Hik
Se Aug.% = E-E] ey
Feb.95 * #% Ha
Cd Aug.94 e & FgE
Feb.95 FEE ® i
5n Aung.%4 = R w%
¥eb.95 ® w5 w
Cs Aug.94 e #% *
Feb.95 ® R wH
Hg Aug.94 ® = ®%
Feb.93 ® FEE %
Pb Aug94 ® w5 waek
Feb.95 # w3 HE

TR

Bryan and Hummerstone {8] reported that the concentration of Cu, Zn, Mn, Fe, and Pb in older paris
is much higher than in tips. Also, Tomlinson et al. [31] showed that Cu is higher in concentration in
' the frond than in reproductive vesicles or stipes, which is in agreement with data from Sylt-List and

Cuxhaven, but only with data from Feb. 95 in Eckwarderht¢rne. Autio and Kangas [32] reported

96




consistently increasing Zn and Cu concentrations from top to the stipes of F. vesiculosus. Forsberg
et al. [14] reported that the content of Al, Fe, Mn, Zn, Ni, and Co in older parts of the thallus
significantly exceeds those of the growing tips. Cr shows a similar trend, but no tendency could be
seen for Cd, Cu, and Pb. On the other hand, Carlson and Erlandsson [28] noted that the highest
concentrations of ®°Co and **Mn were measured in the older parts of the plants in spring and
surnmer, in agreement with the results shown in Table 4.4, while the radioactivity concentrations of
BTCs, and K were highest in receptacles and new vegetative fronds, which is in agreement with
data in samples from Cuxhaven and Sylt-List in case of Cs. The analysis shows that in
Eckwarderhdme the following groups have the same gradient with respect {0 part and season: (Sc,
Mn, Fe, Sn, Cs, Ba, and Pb), (As and Ag), (V and Cr), (Se and Hg), and (Cu and Cd). Johansen et
al. [35] suggested that growing tips of seaweed reflect the dispersion of Pb and Zn from the sources
at the mine site, and concluded that in the case of the presence of the competitive-chemically similar
Zn and Pb, monitoring for Cd using biological indicators such Fucus vesiculosus will not be very
helpful. Rénnberg et al. [102] reported that the content of Fe is 2-3 times higher in the growing tip
than in basal parts of Fucus vesiculosus, and for Zn 1.5 times higher in the basal parts than in
growing tips. This contrasts with the measured results of Fe in the different parts, but in the case of
Zn it was found that the ratio between the concentration in basal to that of tip in Aung. 94 and Feb.
95 in Eckwarderhtme is (2.6 and 0.5), in Cuxhaven (3 and 1.3), and in Sylt-List {1.84 and 0.5),
réspectively. Forsberg et al. [14] reported significantly higher contents of Fe and Zn were found in
older -tﬁ_allus parts than im growing tips, and a Cu conceniration increased at wave-exposed sites.
This is in agreement with the result found in Cuxhaven as an exposed site. In growing tips of Fucus
vesiculosus the variation in metal levels between samples taken at different times of the year was
fOund to be much greater than that between samples collected at the same time for Cd and Zn
(Eckwarderhéme). However, for Cu the ratio between tip in Feb. 95 to that in Aug. 94 was found to
be approximately twofold in contrast to that of Pb. Also, Barreiro et al. [30] proved that mature

tissues accumulate more Fe, Al, Cr, Zn, Ni, Mn, and to lesser extent Co than younger tissues,
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whereas, this isn’t statistically significant for Cu. In Table 4.5 many of the reported results showed

that the samples were washed before the drying process.

Table 4.5 : Washing treatment of algae samples before drying

Type of washing Reference
Ses water [8, 32, 36, 66, 67, 78, 61}
Distilied water [13, 19,23, 35, 98]
Buffer pH 7.2 [38]
Not known 14, 64, 65, 102]
Tap water [103]
Tap water homogenized in distilled water [90]

Ledent et al. [103] showed that rinsing the leaves of Mediterranean seagrass Posidonia oceanico (L)
results in significant element leakage depending on the leaf age. In the adult leaf only Fe
concentrations are reduced, but in younger leaves significant concentration reductions occur for S,
Mg, Na, Zn, Pb, Cd, Fe, Cr, and Ti, while concentrations of N, P, Ca, and Cu

remain unaffected. Sea water rinsing will result in estimations of total element content (including
surface water and water in free space), while rinsing with distilled water will lead to an
underestimation of cellular content. Of course, all these results cannot be compared and cause
confusion about the reliability of the results, but on the other hand every group aimms at the general
informative data of the analysis. Therefore, standard operating procedures should be adopted when
using the bioindicator for monitoring programs. A study using maultivariate, principai component
analysis (PCA) on data of both the collection seasons and the element goncentrations in different
algae parts in Eckwarderhdme shows that the first component PCA1 summarizes 53.3 % of the
variation in the data set. The cumulative percentage of the second component PCAZ2 is 68.3 %. The

analysis indicates that tips in both collection seasons were the lowest in vartance, while the thallus

and the basal parts of Aug. 94 were the highest in variance as shown in Fig. 4.37.
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Fig. 4.37 : Range of element concenirations in different collection seasons and different parts of algae from
Eckwarderhérne.

Older parts of the algae, e.g. thallus and basal parts, are a mixture of tissues which have been
exposed for a longer and/or shorter time period making the element concentration heterogeneous
with respect to the uptake, metabolism, catabolism, transport, storage of the elements, etc. Tabie 4.6
shows the coefficients of variation of element concentrations in different parts which represent the
influence of biological variability on the element concentrations. Various explanations of this effect
have been proposed [e.g. 8, 14], ranging from intrinsic characteristics of the algae (such as slow
accumulation rates or a greater number of binding sites in older tissues) to factors such as higher
particulate contamination or higher epiphytes present on older plant parts. Carlson and Erlandsson
[28] have reported that the variation in radioactivity concentrations of 37¢s, 9°Co, **Mn, and ©Zn in

new vegetation tips of ten Fucus vesiculosus algae was = 17 %, and the patterns of Mn and ©Zn

accumulation were similar.,
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This study provides convincing evidence that, in the presence of biological variation, there are
correlations between the element concentrations in the different parts of the algae in different
existence of similarities or differences in the element concentration patterns within the various
group of parts. Fig. 4.38 (a-c) shows that knowledge of the biological variability within the selected
matrix is a prerequisite to evaluate the usefulness of monitoring spatial and temporal changes in
element concentrations. Also, the possibility of bio-magnification could be obtained by determining
the concentration in representative parts of algae. One possible explanation of the increased
variance in older parts is the age-dependence enrichment, in which older parts do not only represent
the sampling area, but also many different seasons to which they have been exposed. On the other
hand, due to physico-chemical processes, the major part of the heavy metals introduced into a water
system is deposited in the sediment, where incorporation process with the organic substances and
synthetic organic compounds which have been released by biodegradation take place causing
enrichment by fixation of the fine sediment on the surface. The correlation of element
concentrations represent the weighted arithmetic mean of its constituent in each individual parts,
thus it is possibly not caused by the time of exposure but by variations in the uptake routes.
However, there are distinct correlations between metal incorporation in different parts and overall

weight.
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Table 4.6 : Coefficient of variation (C.V. = SD/Mean) of element concentraticns within different parts in Fucus
vesiculosus

Aug.S4 21
© . Feb95 315
Aug.S4
.. FebS5
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Fig. 4.38 (a-c) : Element correlations including the biological variability in different parts of the brown algae
Fucus vesiculosus from Eckwarderhérne.
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4.4.3 Contribution ratio of concentrations in different paris to the toial content
In order to assess the variability in older parts, the contribution of the different parts to the total
content of the element in the whole plant (in fresh weight) was C&ICUIaled and the results are

presented in Fig. 4.39 (a-c). It is obvious that the thallus part contributes the most to the total

concentrations in both collection seasons, but for the elements Na, Mg, Cu, Zn, As, Br, Ag, Cd, and

T tho #i

i RLIN P nave the

he basal paris in (Fig. 4.32 and 4.33}
indicate a higher concentration and less water content compared to the tip and thallus parts, in most
of the elements they contrlbute on a\.ferage about 8 % and 11.8 % m: Aug 94 and Feb. 95,
respectively. In adchtlon ‘the new growth throughout the -season constitutes - about 80 % of the
sample element concentrations caused by increasing in vegetation. Therefore, the surface area plays
key role in this contribution ratio as shown in Table (4.3). For some selected elements from

Cuxhaven and Sylt-List, the contribution ratio appears to reveal a substantial decrease in the

contribution of the thallus part and increase in both tip and basal parts.

103




160 100 160 100

| Co Na Mg Scf (a)
30 80; 804 80
60 60 60
40 40 40
20, 20 20

[

0" Fip ThaltusBasal  ° Tip ThallusBasal Tip ThallusBasal  © Tip Thallus Basal

160 100 160 160
v Cr Mn Fe

Contribution percentage %

80 80
66 60
40 40
204 ] 20

9™ Iip ThallisBasal U Tip ThallusBassi " Tip ThallusBasal Tip Thalles Basal

80 80

100 100 100
] Cd Cu Zn;  (b)
80 20
60 604
46 40
Es?
=
Ef 20 20
= =e i
1 olb ol ol i, . B
2 v Tip Thallps Basal Tip Thallus Basal Tip Thailus Basal Tip Thallus Basal
B 100 100 100 100
b= ) As : Se Br Ag
E
[=}
[

80 604

407 40+

20

= S

5] b i
Tip Thallus Basal

Tip Thallus Basal

Tip Thailus Basal -

Fig. 4.38 (a-c) : The contribution of different parts to the content of whole plant of Fucus vesiculosus from
S e : Eckwarderhorne. ' '
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Johansen et al. [35] reported that Cd values in whole plants and growing tips do not differ
significantly. For Cu values in whole plants and growing tips differ significantly, on the average 23
0 Twer it oreawing Hrg than the wh
and growing tips differ significantly, on the average 44 % and 36 % lower in growing tips than in
the whole plant respectively. In the case of Cuxhaven, the negative potential difference of the inner
cell wall increases with iower salinity and this. cons_equentiy increases the ion transport into the
algae, on the other hand, in Sylt-List the high s"_c'_t_linity and alte;_rs the metal bioavailability and the
enrichment factor. In Fig. 4.40 (a-b), the tip indicates a higher contribution ratio for the clements
Cu, As, and Cd, in Cuxhaven and Sylt-List than was found in Eckwarderhdme. Knowledge of the
factors explaining the variation within and between the collection areas increases the possibilities of
producing comparable or Wéﬂ &eﬁned sp_e_:cimcﬁs fo;:-g;lonitoring prégra:ﬁ__s. However, there is a
pattern of mox‘phologipél '\_.flalr_iatior.l linked with piant habitat and age, and these differences reflect
small-scale local factors such as wave actions. These factors are underlain by another set of factors

le. graz_ing,"nun'ients or seasonality which probably would not be expressed morphologically but
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which show themselves in differences in physiology and/or in phonology as well as the potential
accumnulation of trace elements. However, the heavy metal content in the different parts should by
no means be regarded as constant value but rather a factor subject to the influence of varying biotic

and abioctic environmental conditions.
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Fig. 4.40 (a-b) : Contribution of different parts to the content of the whole Freus vesiculosus plant from
: s Cuxhaven and Sylt-List.
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4.5  Estimated pollution impact of heavy metal on the North Sea coastal water

The investigated sites EckwarderhGrne Cuxhaven, and Sylt-List, were chosen to estimate the
pollution load index of the North Sea coastal water. A pollution load index [31] of each site was
derived by calculating the contamination factor :

C.F conc. of metal in algae : base value of the metal in algae

Thereafter, the fifth root of the five highest C.Fs multiplied together is taken. Therefore,

Pollution Load Index (PLL) forsite = 2/ CF.xCF,.....xCF| (4-2)

Martin et al. [70] gonciuded that the use of mature thalli for the biomonitoring program would be
expected to reduce any seasonal changes to a minimum, in contrast to the results in this work.
However, the thallus part of Fucus vesiculosus collected from Sylt-List was chosen as the
preliminary baseline concentration study for heavy metals, and compared with the baseline reported
by Tomlinson et al. [31]. The choice of the thallus part was based on the following :

1. The thallus part is easy to identify, separate, and clean of contamination contributors.

2. The concentration levels of the elements are considered to be the integral of several seasons

between 1 to 2 years.
3. The study of element concentrations in the different parts showed that the concentration in the

1

alhiic gt te S the range hatuean fha tin am
thailus pari is in Wie range oetween tne tp and basal parts, except for He, Ba

< AC 3
T g, pa&, Sii, and >C 3 ‘hich

were higher and Cu, As, Cd, and Cr which are lower than the iip and basal parts.

4. Sylt-List is considered to be less polluted than Eckwarderhdrne and Cuxhaven.

Therefore the thallus part would be a reasonable baseline for information on the pollution load
indices. In Eckwarderhorme, Fig. 4.41 curve (A) shows that the highest contamination factors based
on thallus data were found to be for Ag, Pb, Cu, Zn, and Cd in 1993, and the same eclements were
repeated in 1.994. The data for 1995 and 1996 show other contamination factors due to V and Fe,
respectively, taking into consideration that Ag was not analyzed for these years. When baseline data
of Tomlinson et al. [31] were used for comparison, curve (C) showed a repeated pattern of elements

- except in 1995, Cd was introduced instead of Cr, and this is because Cr was not determined in those
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samples of 1995. However, curve (C) clearly indicates the effect of the water column which has
been influenced by the algal bedrock embedded in highly enriched surface sediment with these
elements. V, Cr, Fe, Co, Ni, As, and Pb are strongly associated with particulate matter especially
with precipitated iron oxyhydroxides, and effectively incorporated with sedimenting organic matter.
Also, the fixation of such fine sediment is encouraged by the high surface-to-volume ratio of the
filamentous algal epiphytes growing on the surface of Fucus vesiculosus. Therefore, the metal load
of these elements driven by scavenging from particulate matter is potentially pronounced. This
means that, there must be a constant factor in sampling procedures causing the appearance of these
reposition patterns in each year. If the effect of the contamination factor of Fe and Mn is removed
from the calculation, curve (B) shows 3 times less pollution load indices than curve (C) for each

year, and is not much higher than curve (A) calculated on the basis of thallus data from Sylt-List.

8

Fe NiMn Co Cr omlin et al. 1980
2 1 ~~-&__ NjFeMnCoCr =
:; “-._‘—“&-..
= ~~-__ FeNiMnCoCd
5 6 S~ Fe Ni Mn Co Cr
= A Tl A
Z .l
= ©
=2 e
I
&
$ 44 NiCoCrcdcu
E NiCoCrCdZn
= N T —

_____ o
3 B NicoCdCuZn
S e e NiCoCr€d Cu
P 1 B
= (B)
z Ag Pb Cu Zn 4
Bb Cu c:—:ﬂ\(A)
Ph Cu Cd Fe Zn

T
1996 1997

T
1995

Fig. 4.41 : Application of the pollution load index to Eckwarderhérne, (A) data based on thalius part from Sylt-
List, (B) data after removal the effect of Fe and Mn, (C) data based on reporied baseline by Tomlinson et al. [31]
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Fig. 4.42 : Variation patterns of elements contributing the most to the pollution load index in Eckwarderhorne
based on (a) data of thallus part from Syli-List and (b) baseline data reported by Tomlinson et al. [31]

The estimated pollution load indices in Eckwarderhdrne indicate decreasing metals enrichment at
the site in the course of the years. In Fig. 4.42 (a), it is obvious that correlated variation patterns:

between the elements contributing the most to the suggested pollution load index, but also some of -
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these variation patterns changed between the two years. These correlated variation patterns are Cd,
Cu, and Zn in 1993, and Cd, Ag, and Zn in 1994. On the other hand, the Co variation pattern in
1993 (Fig. 4.42 b) correlates with Ni in 1993 but not the case in 1994. Mn shows periodical
variation pattern with a lower concentration in 1994, and shows correlation with variation patterns

of Cr, Fe and Pb in 1994.

Table 4.7 : Average mean concentration values and average mean of concentration differences [pgfg dwl in
199371924 of the clements contribute the most to poliution lead index in Eckwarderhorne

088y

oS ()8 (18
Zn 249 116 (25) 26 % 28%
S e @) ., (62)
CAg 2040 0 0364 (004 20% 20%. 0 T
Cd 212 1.05 0.197) 23% 23%
0.262) (0.527)

L 20% 48
aes) @2n .

a0 @
22 %
7% 8

. (422) -

Co 132 381 (0793 10% 7%
(1.45)

i nralloas) mw

@.3)(5.42) e

a - Average concentration value of the element in 1993 and 1994

b - Average of mean of the concentration difference found in 1993 and 1994

¢ - Subgroup = mean of each two corresponding months

As shown in Fig. 4.42 (a, b) and Table (4.7), comparing annual homogenates with the bimonthly
samples, for Cu, Zn, Ag, and Cd February and April are the main contributors to the average mean

concentrations in the twe years. Meanwhile, for Pb, Cr, Mn, and Fe June and August, as well as

February and August for Co and Ni are coniribute the most to the average mean concentration in
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two years. Cu and Zn show a decreasing concentration in 1994. Also, Fe and Cr coincide in the
maximum concentration value, in June 1993 and August 1994, in which a shift in the accumulation
pattern has occurred leading to a very high difference in concentration (range) even higher than the

average mean concentration values of the two years.

8
Tomlinson et al, 1980 Ni Fe Mr Cd Zn

= % ~ NiFeMn CrZn
2
=
E] \
5} i NiFeMnCdZn Ni Cd Zn Co Cu
o s e e e e s (B)
& NilrZa{oCd -
= i (4)
E NiCdZp Colu
= i Zn Cd Cu Wi Ba
5 Zn Ay Ba €4 Ni
= Ba Zn Ag Cd Cu . a8
= = Thallus Sylt-List &

0 ? i 3 i v T v i 7

1992 1993 1994 1995 1996 1997

Fig. 4.43 : Application of pollution load index to Cuxhaven
(A) data based on thallus part from Sylt-List
(B) data after removal the effect of Fe and Mn
() data based on reported baseline by Tomlinson et al. [31]
In Cuxhaven the calculation of the pollution load index based on data of thallus Sylt-List is shown
in Fig. 443 curve (A). The elements which contributing the most to the pollution status in
Cuxhaven are Ba, Zn, Ag, Cd, Cu, and Ni. Within this group of elements, Cu and Zn in 1993
patterns are correlated, and Cd, Cu, and Zn in 1994 pattems. On the other hand, if baseline data

from Tomlinson et al. [31] were used, elements such as Fe, Mn, and Cr were introduced as potential

pollutants, and the pollution load indices raised by almost a factor of 2, curve (C)..

111




7.5 - 18 300
0] 7% Cu Cd Ba
i s
6.0- WY % o B .
5.5 I \s R
58 \ / 1.2~‘ \ u/ B .
4.5 P N 50 W
40} t
3 - '.‘
= 3.‘ 0.94+— . : 00— r—————?
2 b.Apr.Jun.Aug.Oct. Dec. Feb.Apr.Jun.Aug.Oct.Dec. .Apr. Jun. .Oct. X
2 0.35
& Zn
0.301
0y %
& G
25
(a) °
\s—s
/ 0.264
501 + 015
Feb.Apr.Jun.Aug.Oct.Dec. Feb.Apr.Jun.Aug. Oct. Dec.
3.0 6.0 3350
Co 45] Cr '_e‘: Mn
2.5 s 300+ i
3.04 P S @
204 7% s 1 1.5 Y| 2501 °
s L g Fpew s :
1.5 s ] e 200 R G
’ e 034 o7 g 7 S~
E/—— _—"E\ 0.2 \E»—.S/E g\ /n
1.04 e : 150+ =
0.1
= 0.5+ T T - : v 0.0 : - r—r . 1004 e : r
= Feb.Apr. Jun.Aug.Oct. Dec. Feb. Apr. Jun.Aug, Oct. Dec. Feb.Apr.Jun.Aug, Oct. Dec.
= 25 750 —
E‘ 8 ™ 2 Fe o
5
20 :- & iy ::" '::
155 \ f . (b) 4504 / i
104 1093 3004 / / i
: &,
Ni ~e0 1994 e N
5 ——r ———— - 5 —_ . v T
Feb. Apr.Jun-Aug.Oct. Dec. Feb.Apr.Jun.Aug,Oct. Dec.

Fig. 4.44 ; Variation paiterns of elements contributing the most to ihe poliution load index in Cuxhaven based en
(a) daia of thallus part Sylt-List and (b) data from Tomlinson et al. [31]

However, In case when the Fe and Mn effects were removed from calculation, the resultant curve

(B) introduced Co as another pollutant, with pollution load indices higher in 1994 and 1995 by
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almost a factor of 1.5, also as Cr was not determined in 1995 sample. In Fig. 4.44 (a, b) and Table
{(4.8), It has been found that the general behavior of Cu, Cd, Zn, and Ag concentration values were
higher in 1994 than 1993, but Ba was decreasing in 1994. However, the order of the elements which
have the highest contamination factor changes between the years as well as the variation patterns,

e.g. Cu, Cd, and Zn, beside the introduction of other elements as Ni, Ag and Ba.

Table 4.8 : Average mean concentration values and average of concentration differences [ng/g dw] in 1993/1994
of the elementis contribute the most to pollution load index in Cuxhaven

Cu 1.87 6.04. (Lon. ’ 2% 25 %
' _ ' (341 (1.28)
Zn 3.29 190 (69) 9% 15% 73%
(221)
Ag 1.93 0249 (6058) - . 8% . 16% TR 27%
: B S (0.986)  (0.095) (0.062)
Cd 1.53 1.26 (0.212) 7 % 105% 21%
(0.48)
Ba 2.36 164 0 (48) o 42% 9% o ;
- | BT ) R (64
Cr 222 B.861 (LFG) i D e T 300 %
« oL L) @D
Mn 2.06 213 (64) 195% 92% 92%
- (163) {106)
Fe. 344 315 4 9N o 6% 166% - 315% .
Co 2.69 1.52 (0.765) 23 %
(1.22) ) (1.08)
Ni 3.58 183 7 (568 4% A8 % 20 %
C - (16.6) ' o 8

If the data of Tomlinson et al. [31] were used, other elements were introduced such as Ni, Fe, Mn,
Co, and Cr. The variation patterns of Fe and Cr correlate negatively with that of Mn in 1993, and Ni
positively with Cu, Zn, and Cd in 1994. In Cuxhaven, the influence of the sampling months on
element concentrations as have been shown in Apr. ( Zn, Ag, Cd, Ba, Fe, and Co), Avg. (Cu, Zn,

Ag, Cd, Mn, and Ni), and Oct. (Ag, Cd, Cr, Mn, and Fe), is an evidence that these months are very
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important in standardization of the monitoring program, as well as Feb. especially for Ba. The

general behavior for Ni, Co, Mn, and Cr was increasing concentration level in 1994 than in 1993,

5
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\ FeMn NiCoCd
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Fig, 4.45 : Application of poilution load index to Sylt-List.
(A) data based on thalius part from Sylt-List

Fad oy = -~ P, | - g
{R) data after removal the effect of Fe and Mn

55 e

(C) data based on reported baseline by Tomlinson et al, [31]

The pollution load indices in Syli-List based on concentration levels of thallus part as baseline are
represented by curve (A) in Fig. 4.45. As a result of the use of this baseline, the elements Ag, Pb,
Cd, As, and Fe appeared to have the highest contamination factors for 1993 and 1994. In 1995 and
1996, Ag was not determined in the samples, but Cu and V were introduced as contarination
contributors. In case of the calculation based on data of Tomlinson et al. [.31}, the resultant was
curve (C), which is 3 times higher in pollution load indices than curve (A). The elements which
have the highest contamination factors were Fe, Mn, Ni, Co, Cd, and Cr (Cr was not determined in

1995 samples). If the effect of contamination factor of Fe and Mn was removed from calculation,

the resultant is curve (B) which showed 30 % higher than curve (A).
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In this case, the elements showing higher contamination factors were Ni, Co, Cd, Cr, Cu, and Zn,
which is introduced because Cr was not determined in 1995 samples. In Fig. 4.46 (&, b) and Table
(4.9) the variation patterns are given of the elements contributing the most to pollution load indices

in 1993 and 1994.

Tabie 4.9 : Average mean concentration values and average of concentration differences [pgfg dwlin 1963/19%4
of the elements contributing the most to the poliution load index in Syk-List

.
e L 03/04 93/94° 93/94 .. Feb. Apr. Jen .
Fe 2.15 451 (160) 16.6% 181 % 2.7 %
(126) . (322)
As 2 53 (302) 197 % 9% 187 %
' (7.3) (6.6
Ag 5.47 0.16 (0054 28% 200%
f (8.155) (0.073)
- d 2.08 0.774 0.075) 1.7 % 383 %
(0.123) (0.19)
.. Pb 2,19 1 0.206) 177% 13.7% 87% PR
S _ i o) 4 ' (6.69)  (0.39)
L Cre 283 0.684. (0.297) 38 % S 4%
o o o - (8.516) (0.397) (6.371)
Mn 2.57 271 (36) 43 % 22.7 %
(42) (44) (60)
" Co. 1.93 256 (6.565) ' 25.8 % : 13 % 86 %
' : (0.65) o@dan
Ni 1.8 7.52 (1.32) 117 % 33.5 %
(2.58) (2.67)
Cu  L66 3.21 - (6.22) 237 % 284% -
' ' (03D (037 6.3 (0.3)

The variation patterns of Ag and Cd were repeated and correlated in 1993 and 1994. Also, the
variation patterns of Fe and Pb correlated in both 1993 and 1994. For As, the variation pattern of
1993 is identical with 1994. The variation pattern of 1993 for Cu was repeated in 1994, which 1s
correlated with Ni in 1994 as well as Fe in 1994. The variation pattern of Cr in 1994 is correlated
with that of Fe in 1994, as well as the co-correlated elements. The variation pattern of Mn in 1993

was repeated in 1994, and correlated with that of Co in 1993. Also, it can be seen that February and
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April are important months for Fe, Ag, Cd, Pb, Cu, Co, Ni, and As, and August for Mn, as well as
December for Ni and As.

It could be concluded from the above discussion that many of the elements which have the highest
contamination factors are correlated especially in the same year and/or in the itwo years as described
above. There are interesting months with mean concentrations in which the element concentrations
are higher than the average mean in two years, and this could be of help in a more detailed study of
these elements.

Derivation of ihe Novrth Sea coastal index

From information on the pollution load indices in Eckwarderhdme, Cuxhaven, and Syh-List, it is
shown clearly that Eckwarderhdme is by far the most polluted coliection site with regard to heavy

metals if one considers the pollution load index as defined by Fig. 4.47, but the pollution indices

cease.

E 6
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=
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Fig. 4.46 : Poliution indices derived from the coastal indices of Eckwarderh6rne, Cuxhaven, and Syli-List. R)=
Range (A} data based on #hallus part from Sylt-List, (B) data after removal the effect of Fe and Mn, and (C)

data based on iEpUﬁ‘.Eu baseline b oY Tomlinson et al I"21]
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In Cuxhaven the pollution indices show an increasing effect, whereas Sylt-List is the least polluted

site. The proposed estimation of PLI of the North Sea coastal water is given by :

PLI of North Sea coast = e\/ Eckwarderhdrne( PLI}* Cuxhaven(PLI) * Sylt{ PLI)

The ranges of the coastal indices from 1993 to 1995 are given in Fig. 4.47 based on both baselines
of thallus Sylt-List and Tomlinson et al. [31]. A value of zero indicates perfection, a value of one
means that only baseline of pollutants are present, and a value above one would indicate progressive
deterioration of coastal quality. Comparing these coastal indices with that of 2.2 [31], 3.8 [7], 7.4
[105], and 29.0 (polluted) and 3.3 (unpolluted) of Melhuus et al. [85] indicates the very important
need for baseline reference values, and provides some understanding of trends over time, as well as

a means for quantifying the quality of the North Sea coastal water in the simplest way.
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Conclusions

Environimental research and policy may not only be restricted to the reduction or registration
of the existing environmental pollution, but may also be based on the principle of preventive care.
Comprehensive knowledge is essential about the tendency and the rate of changes in the
ecosystems. Integration of ecological observations - which result from long-term monitoring
programs - is an important basis for enhancing this knowledge. The analysis of the environmental
bioindicator brown algae Fucus vesiculosus sampled under the aspects of the German
pplication of the bioindicator and examines
its representativeness.

Comprehensive data which were collected during part of the long-term observation program - in
particular during 1993 and 1994 - and have been evaluated based on the present status of the heavy
metal content at three different collection sites - Eckwarderhérne, Cuxhaven, and Syit-List on the
North Sea coast. The distribution of heavy metals with respect to space and time depends primarily
on their physicochemical properties. By an analytical characterization of each sample from each
collection site, and after an assessment of the data, differently recognizable ecological observations
were found. An important aspect of this ecological observation was that the bioindicator shows the
variational concentrations of heavy metals in the collection areas as in case of Mn, Se, Yb and Cs.
Fucus vesiculosus as a bioindicator was not effectively environmentally relevant for all determined
elements. Even if Fucus vesiculosus reflecis major differences in elements concentration levels
showing geographical differences, small time variations may not be efficiently reflected. e.g. for Cu,
Cd, and Pb. At the same time, the cross-relationship between the accumulated elements like Sc, V,
Cr, Fe, Pb, and Th, especially if we considered the three collection areas, demonstrates the possible

contamination of the samples by fine sediment and particulate matter. Unless care is taken in

inspecting the collected samples before grinding, higher values of Ca due to the existence of

-periwinkle. (Littorina littorea) can be expected. Based on thc entire ‘composition of Fucus
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vesiculosus, the analyzed samples were regionally representative, and there are comparable results
in Eckwarderhtrme and Sylt-List because of similarities of the biological communities, and in some
cases between Eckwarderhtme (partially estuarine) and Cuxhaven regarding the functional structure
of estuaries. The analysis defined an nregular seasonal variation of some element concentrations,
but not for all the three collection area. e.g. for Cr, Fe, Ag, Cs, Hf, and Th.

The information gained from the relative variation in element concentrations in different parts of
Fucus vesiculosus collected from Eckwarderhéme as individual groups and from Cuxhaven and
Syli-List as representative parts is suitable for defining the optimized part for the element of
interest, as well as the accessibility of the adequate sample size. A reliable comparison - between
the collection areas - was obtained due to the application of statistical tools, taking the time-scales
into account for the trend analysis which reveals the ecological significance of the indicator function
for observing the specific ecosystem.

The relevance of the fingerprinting analysis expands the choices of exclusion and/or selection of the
sample for special element investigations. The spatial and temporal dimensions of element
concentrations were realized using multi-element technigues [69].

The quality assurance of the data was adapted by intralaboratory comparisons, reproducibility
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=

control of the results with respect to each applied technique, accuracy control o
method by repeated measurement of CRMs, and comparison of the analysis of candidate reference
materials distributed by TAEA.

The presented monitoring results are discussed with respect to the position of Fucus vesiculosus as a
bioindicator reflecting spatial and temporal trends in metal levels of its environment. The
interspecific differences seen for each site highlight the effect of physical and biological factors on
the accumulation process. Measuring the whole plant may reflect the accumulation of trace metals
or even discharge of radionuclides from several months or years proceeding the sampling.
_'Iherefore, they can be used for long-term monitoring, whereas short-term variation can be better

observed by investigating new vegetative parts of the algae. Also it is important to sample at the
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same time of the vear, as uptake and accumulation differ due to variation in growth rate of the algae.
Fucus vesiculosus can be a representative bioindicator organism if the following precautions are
taken :
e Samples should be collected at equal intervals at approximately the same time from monitoring
sites, and sampling methodology should be developed to standardize as many factors as possible.
e Parts of Fucus vesiculosus of comparable age should be used when comparing different
localities.
¢ The samples should be washed with filtered sea water and freed from epiphytes as far as
e The contribution of the suspended particulate matter to the concentration of elements must be
taken into consideration and appropriate corrections made.
e Comparison should be made between collection areas subject to identical environmental
conditions.
e Baseline values should be made available from the same specimen.
The results of the present study are 1o be considered as the further step in research aimed at

quantifying and assessing the assimilaiive capacity of the bioindicator Fucus vesiculosus.
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SUMMARY

The brown alga Fucus vesiculosus of the North Sea coast 1s sensitive to changes in the
environment caused by anthropogenic or other disturbances. The presented study shows that the use
of Fucus vesiculosus as an indicator will give an integrated measure of environmental conditions at
the site over longer time periods.

The study of elemental content of the brown alga Fucus vesiculosus sampled from
Eckwarderhdme, Cuxhaven, and Sylt-List is based on the irradiation of the freeze-dried materials

-2

with a thermal neutron flux density of about 5 X 10”° N em Z s "\ In Instrumental Neutron

Activation Analysis (INAA), the measured gamma-ray energies are characteristic of specific
indicator radionuclides, and their intensities are proportional to the amounts of the various target
nuclides in the sample. Also, the samples were processed using Inductively Cbupled Plasma Mass
Spectrometry (ICP-MS) and Atomic Emission Spectrometry (ICP-AES) to confirm the obtained
results as well as the determination of some other elements of environmental interest. The precision
of the analytical methods was evaluated by analyzing certified reference material alongside the
samples.

The measurements were carried out for two years of sampling to provide an overview of heavy
metals content of the bioindicator Fucus vesiculosus. Numerous factors may influence the heavy
metal content of Fucus vesiculosus, and hence the credibility and usefulness of the bioindicator.
Such factors - temperature, salinity, nutrition, particulate matter, etc. - will frequently vary
seasonally, geographically, with the vegetation cycle, and as a function of other conditions that may
over-or underestimate the interpretation of the observations. Therefore, collection procedures were
adapted during the course of this study. The analysis of the samples proved that the data sets exhibit
considerable spatial and temporal variations. As a result of the extensive information gained from
the analysis, statistical analysis were applied to the data to determine which changes may have
occurrgd spatially or temporally. The General Linear Models Procedyre, was used to ¢xamine the
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elemental variations with respect to collection site, sampling month, sampling year, and the
combination effect adjusted for every other effect. Discrimination analysis using Stepwise Selection
was used to discriminate between the collection sites based on quantitative element concentrations.
Also, the multivariate technique, Principal Component Analysis, was applied to the investigation of
the seasonality of the element concentrations. Fingerprinting of the elemental content of Fucus
vesicilosus in each of the collection sites provided evidence of spatial variations. Correlations
between element concentrations of the same variational patterns were studied.

Some vegetative characters of Fucus vesiculosus were measured in August 1994 and February 1995.
The General Linear Models Procedure was used on the element concentrations of different parts
collected in two different seasons from Eckwarderhome to study the effect of the part, collection
time, and combination eftect of both on the level of element concentrations. A comparison of the
concentration in different parts between different collection sites at different seasons was studied.
The Principal Component Analysis of both collection seasons and element concentrations in
different parts of Fucus vesiculosus sampled from Eckwarderhéme indicate a lower variance in tips
while thallus and basal parts have the highest variance. Different parts representing the different

metabolic activities were analyzed to show the variability in trace element concentrations and to

samples were used together with Environmental Specimen Bank (ESB) data of 1995 and 1996 to
propose an estimate of the pollution index of the North Sea coast.

The present study concluded that the chemical analysis of Fucus vesiculosus validates the function
of the biocindicator and Fucus vesiculosus can be used as a bio-indicator organism for the

bioavailable forms of several metals if certain precautions are taken.

123

|ERCINE I




Acknowledgments

I wish to express my sincere appreciation and gratitude to Prof. Dr. Dr. Milan J. Schwuger for
supervising this work and for the attention he paid to me during my studies and for his

encouragement and kindness.

Gratitude is due to Prof. Dr. Dankward Schmid, Prof. of Solid State Spectroscopy, Institute of
Condensed Matter Physics, Heinrich Heine University Diisseldorf, for his sincere support,

assistance and encouragement throughout the period of this work.

Grateful acknowledgment and deepest thanks are due to Dr. Peter Ostapczuk for the excellent

supervision of the work, stimulating suggestions and fruitful discussion.

I would like to express my utmost appreciation to Dr. Johann D. Schladot, Dipl.-Ing Friedrich W.
Backhaus and their co-workers of the German Environmental Specimen Bank for their useful

discussion, valuable advice, and facilities.

My grateful thanks are due to Dipl.-Ing. Carole Mohl, Dipl.-Ing. Mechthild Burow, and Ms. Heike
Schiissler for the ICP-MS, HG-AAS, and ICP-AES measuremenis.

Sincere thanks are due to Dr. W. Meyer and DM. P. Jansen for their help and cooperation.
The author is most grateful to the International Bureau, Research Centre Jiilich for financial support

through the bilateral German - Egyptian agreement, also the financial help, facilities and continuous

No words are sufficient to thank my wonderful wife for her encouragement, support and most of ail
her patience and the care which I experienced during my study. Thank you my beautiful wife. My

deepest heart felt thanks to my family.

124

B T £ el




(1]

[3]

(4]

[5]

[

[7]

(8]

(10]

[11]

References

Phillips, D. H. J. and D. A. Segar. 1986.
Use of bio-indicators in monitoring conservative contaminants: Program design imperatives.

Mar. Polit. Buil. 17, 10-17.

Phillips, D. H. J. 1977,
The use of biological indicator organisms to monitor trace metal pollution in marine and
estuarine environments - a review. Environ. Pollt., 13, 281-317.

Bryan, G. W. 1969.
The adsorption of zinc and other metals by the brown seaweed Laminaria digitata. J. Mar.

Biol. Ass. U. K. 49, 256-243.

Van Weer, A. W. 1972.

Zinc and cobalt uptake by the brown seaweed Fucus spiralis (L.} In: Proc. Int. Symp.
Radicecology applied to the protection of man and his environment. Commission of the
European Communities. 1357-1367.

Pentreath, R. J. 1985.
General review of literature relevant to coastal water discharges. In: Behavior of

radionuclides released into coastal waters. Vienna, IAEA-TECDQC-329, 17-66.

Eide, L., S. Myklestad and S. Melsom. 1980.
Long-term uptake and release of heavy metals by Ascophyllum nodosum (L.) le Jol
(Phaeophycease) in situ. Environ. Pollt. 23, 19-28.

Fuge, R. and K. H. James. 1974.
Trace metal concentrations in Fucus from the Bristol Channel. Mar. Poll. Bull. 5, 9-12.

Bryan, G. W. and L. G. Hummerstone. 1973.
Brown seaweed as an indicator of heavy metals in estuaries in south-west England. J. Mar.
Biol. Ass. U. K. 53, 705-7206.

Bryan, G. W. 1983.
Brown seaweed, Fucus vesiculosus, and gastropod, Littorina littoralis, as indicators of trace-

metal availability in estuaries. Sci. Total Environ. 28, 91-104.

Pedersen, A. 1984.
Studies on phenol content and heavy metal uptake in fucoides. Hydrobiol., 116/117, 498-

504. :

Dahlgaard, H. 1984.
Transuranics, rare earth and cobalt, zinc and cesium in Fucus vesiculosus (seaweed):

~ Laboratory exercises and field realities. In: (A. Cigna and C. Myttenaere, eds.) Proc. of
~International Symposium on the behavior of long-lived radionuclides in ‘the marine =~
environment. Commission of the European Communities., 229-240. '

125

BN HRTA Y




[12]

[13]

- [14

[15]

f16]

[17}

[18]

[19]

(20]

[21]

[22]

(23]

[24] -

Munda, I. M. 1984.
Salinity dependent accumulation of Zn, Co, and Mn in Scytosiphon lomentaria (Lyngb.)
Link. and Enteromorpha intestinalis (L.} Link. from the Adriatic Sea. Bot. Mar. 27, 371-376.

Munda, 1. M. and V. Hudnik, 1988.
The effects of Zn, Mn, and Co accumulation on the growth and chemical composition of
Fucus vesiculosus L. under different temperature and salinity conditions. P. S. Z. N. It

Marine Ecology, 9, 213-225.

Forsberg, f‘x., S. Soderlund, A. Frank, L. R. Petersson, and M. Pedersén, 1988.
Studies on metal content in the brown seaweed, Fucus vesiculosus, from the Archipelago of
Stockhoelm. Environ. Pollut. 48, 245-243.

Coughtrey, P. J. and M. C. Thome. 1683.
Radionuclides distribution and transport in terrestrial and aquatic ecosystems. Rotterdam,

Netherlands, A. A. Balkema. 1, 2, 496-500.

Rai, L. C.,J.P. and H. D. Kumar. 198].
Phycology and heavy metal pollution. Biol. Rev., 56, 99-151.

Haug, A., S. Melsom and S. Omang. 1974.
Estimation of heavy metal pollution in two Norwegian fjord areas by analysis of the brown
algae Ascophyllum nodosum. Environ. Pollt. 7, 179-192.

Fuge, R. and K. H. James. 1973.
Trace metal concentrations in brown seaweed, Cardigan Bay, Wales. Mar. Chem. 1, 281-

293,

Klumpp, D. W. 1980 a.
Characteristics of arsenic accumulation by the seaweed Fucus spiralis and Ascophyllum

nodosum. Mar. Biol. 58, 257-2064.

Skipnes, D., T. Roland, and A. Haug, 1975.
Uptake of zinc and strontium by brown algae. Physiologia Plantarum 34, 313-320.

Manley, S. L. 1984,
Micronutrient uptake and translocation by Macrocystis pyrifera (Phaeophyta). J. Phycol. 20,

152-201.

Munda, I. M. and V. Hudnik, 1991,

Trace metal content in some seaweed from the Northern Adriatic. Botanica Marina 34, 241-
249,

Forstner, U. and Wittmann, G. T. W. 1281.

Metal Pollution in the Aquatic Environment. Springer-Verlag, Berlin.

~.Bryan, G. W. 1976.
“Heavy metal contamination in the sea. In: Johnston, R. (ed.): Marine Pollution. Academic

Press, London, 185-302.

126




[28]

[29]

[30]

(311

s
)
(%]

| W—

[33]

[34]

[35]

[36]

McCormac, B. M. (ed.) 1991.
Mercury in the Swedish Environment. - Special Issue, Water Air Soil Pollut. 55, 1-126.

Stolzenberg, H. C. and Draeger, S. 1988.

‘The macrophytic periphyion algae in severely metai-contaminated River Cker (eastern
Lower Saxony) Braunshw. - Namrkdl. Schr. 3, 243-254.

Lodenijus, M., 1991.
Mercury concentrations in an aquatic ecosystem during twenty years following abatement of
the pollution source.- Water Air Soil Pollut. 56: 323-332.

Carlson, L. and B. Erlandsson, 1991a.
Effects of salinity on the uptake of radionuclides by Fucus vesiculosus L. I. Environ.

Radioactivity 13, 309-322.

Carlson, L. and B. Erlandsson, 1991b. )
Seasonal variation of radionuclides in Fucus vesiculosus L. from the Oresund, Southern

Sweden. Environ. Pollut. 73, 53-70.

Merian, E. 1984.
Metalle in der Umwelt. Weinheim; Deerfield Beach, Florida; Basal: Verlag Chemie, ISBN

3-57-25817-5, 6.

Tomlinson, D. L., J. G. Wilson, C. R. Harris, and D. W. Jeffrey 1980.
Problems in the assessment of heavy metal levels in estuaries and formation of a pollution
index. Helgolander Meeresuntersuchungen, Helgolander Meeresunters. 33, 566-375.

Autio, H. and Kangas, P. 1986.
Macroalgae as indicators of heavy metal pollution. Publication of the Water Research
Institute, National Board of Waters, Finland, No. 68.

Preston, A., Jefferies, D. F., Dutton, J. W. R., Harvey, B. R. and Steele, A. K., 1972,
British Isles coastal waters: The concentration of selected heavy metals in sea water,
suspended matter, and biological indicators - a pilot survey. - Environ. Pollut. 3, 69-82.

Phillips, D. J. H., 1979.

Trace metals in the common mussel, Mytilus edulis (L.), and in the alga Fucus vesiculosus
(L..) from the region of the sound {Oresund). Environ. Pollut., 18, 31-41.

Johansen, P., M. M. Hansen , G. Asmund, and P. B. Nielsen, 1891.
Marine organisms as indicators of heavy metal pollution - experience from 16 years of
monitoring at a lead zinc mine in Greenland. Chemistry and Ecology, 5, 35-55.

Luoma, S. N., G. W. Bryan, W. J. Langston, 1982.
Scavenging of heavy metals from pariiculates by brown seaweed. Mar, Pollut. Bull. 13, 11,

394396,

127




(371

£38]

£39]

[40]

[41]

[43]

[44]

[43]

(461

[47]

[48]

Uotila, J. 1987.
The effects of fish farming on the sea bottom sediments in Kaukolanlahti, Merimasku, SW

Finland. Terra 99, 3, 180-186.

Lignell, 131.., G. M. Roomans, and M. Pedersén, 1982.
Localization of absorbed cadmium in Fucus vesiculosus 1.. by X-ray Microanalysis. Z.
Pflanzenphysiol. 105, 103-109.

Carlson, L. 1990.
Effects of biotic and abiotic factors on the accumulation of radionuclides in Fucus

vesiculosus L. Ph.D. thesis, Department of Ecology, Marine Ecology, Lund University,
Sweden.

Butterworth, J., P. Lester, and G. Nickless, 1972.
Distribution of heavy metals in the Severn Estuary. Marine Pollution Bulletin 3, 72-74.

Nickless, G., R. Stenner, and N. Terrille, 1972.
Distribution of cadmiwm , lead, and zinc in the Biistol Channel. Marine Pollution Bulletin.

3, 188-190.

Dams, R. 1986.
Environmental Samples In: Treatise on Analytical Chemistry. Vol. 14, Part I, 2nd Ed. (P. J.
Elving, V. Krivan, I. M. Kolthhoff, eds.), Wiley, New York, 419.

Braun, T. and S. Zsindely, 1990,
Trends int Anal. Chem. 9, 144.

Byme, A. R. 1993.
Review of neutron activation analysis in the standardization and study of reference materials,
including its application to radionuclide reference materials. Fresenius J. Anal. Chem. 345,

144-151.

Ehmann, W, D., J. D. Robertson, and S. W. Yates, 1894.
Nuclear and Radiochemical Analysis. Anal. Chem. 66, 229R-251R.

Erdtmann, G. and H. Petri, 1986.

Nuclear Activation Analysis: Fundamentals and Techniques In: Treatise on Analytical
Chemistry, 14, I, 2nd Ed. (P. J. Elving, V. Krivan, L. M. Kolthhoff, eds.), Wiley, New York,
419.

Bode, P. 1996.
Instrumental and organizational aspects of a neutron activation analysis laboratory. Ph.D.

- thesis, Delft : Interfacultair Reactor Institute, Delft University of Technology, ISBN 90 -

73861- 42-X.
Hegdahl, O. T. 1962.

Neutron absorption in pile neutron activation analysis. Michigan Memorial Phoenix Project,
Univ. of Michigan, Ann Arbor, USA, Report MMPP-226-1.

128




[49]

[50]

[51]

{52]

{53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

Girardi, F., G. Guzzi, and J. Pauly, 1965.
Reactor Neutron Activation Analysis by the Single Comparator Method. Anal. Chem. 37,

1085-1092.

De Bruin, M. and P. J. M. Korthoven 1872.
Computer oriented system for non-destructive Neutron Activation Analysis. Anal.Chem. 44,

2382-2385.

Simonits, A., F. de Corte, and J. Hoste 1975.
Single Comparator Methods in Reactor Neutron Activation Analysis. J. Radioanal. Chem.

24, 31-46.

Bode, P., M. Blaaow, I. Obrusnik, 1992.
Variation of neutron flux and related parameters in an irradiation container, in use with ko-

based neutron activation analysis. 157, 301-312.

Rouchaud, J. C., L. Debove, M. Fedoroff, L. M. Mosulishvili, V. Y. Dundua, N. E.
Kharabadze, N. L. Shonia, E. Y. Efremova, and N. V. Chikhladze, 1987.

A comparison of synthetic irradiation muitielement standards for activation analysts, J.
Radioanal. Nucl. Chem., 113, 205.

Rossbach, M., and M. Stoeppler, 1987.
Use of CRM’s as mutual calibrating materials and control of synthetic multielement

standards as used in INAA, J. Radioanal. Nucl. Chem., 113, 1, 217-23.

Vandecasteele, Carlo 1991,
Activation Analysis: Present status in relation to other analytical techniques. Mikrochim.
Acta [Vienna] I, 379-389.

Fardy, J. J. and I. M. Warner 1992.

A comparison of neutron activation analysis and inductively coupled plasma mass
spectrometry for trace element analysis of environmental materials. J. Radioanal. Nucl.
Chem. 157, 239-244,

Schladot, J. D., F. Backhaus, M. Burow, M. Froning, C. Mohl, P. Ostapczuk, and M.
Rossbach, 1893 b. '

Collection, preparation and characterization of fresh, marine candidate reference materials of
the German Environmental Specimen Bank. Fresenius I. Anal. Chem. 345, 137-139.

Erdtmann, G. and W. Soyka, 1974.
Die v-Linien der Radionuklide. Berichte der Kernforschungsanlage Jiilich - No. 1003.

Xiaolin, H., C. Chifang, L. Chunsheng, and Q. Qinfang, 1997.

Determination of 24 elements in four algae reference materials. Institute of High Energy
physics, Academia Sinica, Beijing 100080, P. R. China. [Personal communication].

~Juracic, M., L. M. Vitturi, S. Rabitt, and G. Rampazzo, 1987.

The role of suspended maiter in the biogeochemical cycles in the Adige River estuary
(Northern Adriatic Sea). Estuarine, Coastal and Shelf Science 24, 349-362.

129

CWEEE




[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[70]

[71]

[72})

Aston, S. R. and R. Chester, 1976.
Esmarine sedimentary processes. In: Estuarine Chemistry (Burton, J. D. and Liss, P. S. eds.)

Academic Press, 37-52.

Eisma, D., 1981.
Suspended matter as a carrier for pollutants in estuaries and the sea. In: Mar. Environ. Pollut.
2. Mining and Dumping (Geyer, R. A. ed.), Elsevier, Amsterdam, 281-295.

Langston, W. J., 1984,
Availability of arsenic to estuarine and marine organisms: a field and laboratory evaluation.

Mar. Biol. 80, 143-154.

Rénnberg, O., K. ;&djers, C. Ruokolahti, and M. Bondestam, 1990.
Fucus vesiculosus as an indicator of heavy metal availability in a fish farm recipient in the
Northern Baltic Sea. Mar, Pollut. Bull. 21, 8, 388-392.

Rénnberg, O., K. zgxdjers C. Ruokolahti and M. Bondestam. 1992 b.
mrects of fish farming on growth, ep1phytes and nutrient content of Fucus vesiculosus L. in
the Aland archipelago, northern Baltic Sea. Aquatic Botany, 42, 109-120.

Walsh, R. S. and K. A. Hunter. 1992.
Influence of phosphorus storage on the uptake of cadmium by the marine alga Macrocystis

pyrifera. Limnol. Oceanogr., 37, 7, 1361-1360.

Miramand, P. and D. Bentely. 1992.
Heavy metal concenfration in two biological indicators (Patella vulgata and Fucus serratus)
collected near the French nuclear fuel reprocessing plani of La Hague. Sci. Tot. Environ. ,

111, 135-149.

Riget, F., P. Johansen and G. Asmund. 1995.
Natural seasonal variation of cadmium, copper, lead, and zinc in brown seaweed (Fucus

vesicuiosus). Mar, Pollat. Bull., 30, 6, 409-413.

Ainer, H., H. Emons, and P. Ostapczuk. 1997.
Apphcatlon of multielement techniques for the fingerprinting of elemental contents in
Fucus vesiculosus from the North Sea. Chemosphere, 34, 2123-2131.

Martin, M. H., G. Nickless and R. ID. Stenner. 1997.
Concentration of cadmium, lead, nickel and zinc in the alga Fucus serratus in the. Severn

estuary from 1971 to 1995. Chemosphere, 34, 2, 325-3334.

Lunde, G., 1970.

 Analysis of trace elements in seaweed. J. Sci. Food Agric., 2: 416-418.

Frazier, J. M., 1975.
The dynamics of metals in the American Oyster Crassostrea V1rg1n1ca I Seasonal Effects.

.Chesapeake Science, 16, 3, 162-171.

130




(73]

[74]

[75]

[76]

[77]

(78]

[79]

[80]

[81]

[82]

[83]

(84]

[85]

Langston, W. J., 1983,
The behavior of arsenic in selected United Kingdom estuaries. Can. J. Fish. Aquat. Sciences

40 (Suppl 2), 143-150.

Langston, W. J., 1980.
Arsenic in U.K. estuarine sediments and its availability to benthic organisms. J. Mar. Biol.

Ass. U K. 60, 869-881.

Munda, I. M., 1986.
Difference in heavy metal accumulation between vegetative parts of the thalli and

receptacles in Fucus spiralis L. Bot. Mar, 29, 341-9.

Wallentinus, 1., 1984,
Partitioning of nutrient uptake between annual and perennial seaweed in a Baltic archipelago

arca. Hydrobiologia, 116/117, 363-370.

Walsh, R. S., 1991.
Cadmium in seaweed’s. Ph.D. thesis, Univ. Otago. 158p.

Carlson, L., 1991.
Seasonal variation in growth, reproduction and nitrogen content of Fucus vesiculosus L. in

the Oresund Southern Sweden. Botanica Marina, 34, 447-453.

Morris, A. W, and A. I. Bale, 1875.
The Accumulation of Cadmium, Copper, Manganese, and Zinc by Fucus vesiculosus in the
Bristol Channel. Estuarine and Coastal Marine. Science 3, 153-163.

Branica, M., 1978.
Distribution of ionic Cu, Pb, Cd, and Zn in the Adriatic water. Thalasia Jugosl. 14, 151-155.

Bowen, H. J. M., 1966.
Trace elements in biochemistry. Academic Press, London, 241.

Foster, P., 1676.
Concentrations and concentration factors of heavy metals in brown algae. Environ. Pollut.

10, 45-53.

Murray, C. N. and S. Meinke. 1974.
Influence of soluble sewage material on adsorption and desorption behavior of Ag, Cd, Co,
and Zn in sediment-sea-water system. J. Qceanogr. Soc, Japan 30, 216-221.

Bryan, G. W. and P. E. Gibbs. 1983.

Heavy metals in the Fal estuary, Cornwall: A study of long term contamination by mining
waste and its effects on estarine organisms. Mar. Biol. Ass. U.K., Occasional publication 2,
March 1983, 111.

_Melhuus A., K. L. Seip, H. M. Seip, and A. Myklestad. 1978.

A preliminary study of the nse of benthic algae as biologic 1nd1cators of heavy metal

_pollution in Sgrfjorden, Norway. Environ. Pollut. 15, 101 107.

131

T




[86]

[87]

[88]

[89]

[90]

[91]

[92]

(93]

[94]

Price, N. M., and F. M. M. Morel. 1990.
Cadmium and cobalt substitution for zinc in a marine diatom. Nature 344, 658-660.

Higgins, H. W. and D. J. Mackey. 1978 a.
Role of Eklonia radiata (C.Ag.) J. Agardh in determining trace metal availability in coastal
waters. I. Total trace metals. Aust. J. Mar. Freshw. Res. 38, 307-315.

Rice, D. L. and B, E. Laponite. 1981.
Experimental and outdoor studies with Ulva fasciata Delile. I. Trace metal chemistry. L.

Exp. Mar. Biol. Ecol. 54, 1-11.

Sédertund, S., A. Forsberg, and M. Pedersen. 1988.
Concentrations of cadmium and other metals in Fucus vesiculosus L. and Fontinalis
daleearlica Br. Eur. from the Northern Baltic Sea and Southern Bothnian Sea. Environ.

Pollut. 51, 197-212.

Barreiro, R., C. Real and A. Carballeira. 1993,
Heavy metal accumulation by Fucus ceranoides in a small estuary in north-west Spain. Mar.

Environ. Res. 36, 39-61.

Bryan, G. W., W. J. Langston, L. G. Hummerstone, G. R. Burt, and Y. B. Ho, 1983.
An assessment of the gastropod, Littorina littorea, as an indicator of heavy metal
contamination in United Kingdom estuaries. J. Mar. Biol. Ass. U.K. 63, 327-345.

Ostapezuk, P., M. Burow, K. May, C. Mohl, M. Froning, B. Siifenbach, E.Waidmann, and

H. Emons. 1897.
Mussels and algae as bioindicators for long-term tendencies of element pollution in marine

ecosystems. Chemosphere, 34, 2049-2058.

Ferreira, J. G., 1991.
Factors govermning mercury accumulation in three species of marine macroalgae. Aquatic

Botany, 39, 335-343.

McKenzie, R. M. and R. M. Taylor. 1968.
The association of cobalt with manganese oxide minerals in soils. Trans. 9" Int. Congr. Soil

Sci., 2, 577-584.

Mart, L. and H. W. Niimberg. 1986.
Cd, Pb, Cu, Ni, and Co distribution in the German Bight. Mar. Chem. 18, 197- 213.

Luoma, S. N,, 1983.
Bioavailability of trace metals to aguatic organisms - a review. Sci. Tot. Environ., 28, 1-22,

- Romeril, M., 1977.
- Heavy metal accumulation in vicinity of a desalination plant. Mar. Pollut. Bull. 8, 84-87.

~ Zolotukhina, Y. Y., Y. Y. Gavrilenko, and K. S. Burdin. 1991.
- Interaction among metal ions during uptake by marine macroalgae. Scripta Technica,

INC.UDC/574.64, 582.23/26(26).

132

SRR VN




[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

Bryan, G. W., 1971.
The effect of heavy metals (other than mercury) on marine and estuarine organisms.
Proceedings of the Royal Society of London, Series B, 177, 389-410.

Mathieson, A. C., J. W. Shipman, J. R. O’Shea, and R. C. Hasevlat. 1976.
Seasonal growth and reproductive of estuarine Fucoid algae in New England. J. Exp. Mar.
Biol. Ecol., 25, 273-284,

Bohn, A., 1979.
Trace metals in Fucoid algae and purple sea urchins near a high arctic Lead - Zinc ore

deposit. Mar. Polut. Bull. 10, 325-327.

Rénnberg, O., T. Ostman, and K. f&djers. 1992 a. .
Effects of ferry traffic on the metal content of Fucus vesiculosus in the Aland archipelago,
northern Baltic Sea. Acta Phytogeogr. Suec. 78, Uppsala. ISBN 91-7210-078-8.

Barnett, B., S. Forbes, and C. Ashcroft. 1989.
Heavy metals on the South Bank of the Humber Estuary. Mar. Pollut. Bull. 20, 17-21.

Lendent, G., M. A. Mateo, M. Warnau, A. Temara, J. Romero, and Ph. Dubois. 1995.
Element losses following distilled water rinsing of leaves of seagrass Posidonia oceanica (L..)
Delile. Aquatic Botany 52, 229-235.

Bryan, G. W. and L. G. Hummerstone. 1977.
Indicators of heavy metal contamination in the Looe Estuary (Cornwall) with particular
regard to silver and lead. J. Mar. Biol. Ass. U. K. 57, 75-92.

Schladot, J. B., M. Stoppler, and M. J. Schwuger. 1993 a.
The Jilich Environmental Specimen Bank. Sci. Total Environ. 139/140, 27-36.

133













	page 1
	page 2
	page 3
	page 4
	page 5
	page 6
	page 7
	page 8
	page 9
	page 10
	page 11
	page 12
	page 13
	page 14
	page 15
	page 16
	page 17
	page 18
	page 19
	page 20
	page 21
	page 22
	page 23
	page 24
	page 25
	page 26
	page 27
	page 28
	page 29
	page 30
	page 31
	page 32
	page 33
	page 34
	page 35
	page 36
	page 37
	page 38
	page 39
	page 40
	page 41
	page 42
	page 43
	page 44
	page 45
	page 46
	page 47
	page 48
	page 49
	page 50
	page 51
	page 52
	page 53
	page 54
	page 55
	page 56
	page 57
	page 58
	page 59
	page 60
	page 61
	page 62
	page 63
	page 64
	page 65
	page 66
	page 67
	page 68
	page 69
	page 70
	page 71
	page 72
	page 73
	page 74
	page 75
	page 76
	page 77
	page 78
	page 79
	page 80
	page 81
	page 82
	page 83
	page 84
	page 85
	page 86
	page 87
	page 88
	page 89
	page 90
	page 91
	page 92
	page 93
	page 94
	page 95
	page 96
	page 97
	page 98
	page 99
	page 100
	page 101
	page 102
	page 103
	page 104
	page 105
	page 106
	page 107
	page 108
	page 109
	page 110
	page 111
	page 112
	page 113
	page 114
	page 115
	page 116
	page 117
	page 118
	page 119
	page 120
	page 121
	page 122
	page 123
	page 124
	page 125
	page 126
	page 127
	page 128
	page 129
	page 130
	page 131
	page 132
	page 133
	page 134
	page 135
	page 136
	page 137
	page 138
	page 139
	page 140
	page 141
	page 142
	page 143
	page 144
	page 145
	page 146

