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Abstract. A variety of spectroscopic methods (ETAAS, FAAS, ICP–MS, ICP–OES) were 
comparatively characterized with respect to analysis of brown alga Fucus vesiculosus and Baltic 
seawater samples (with a specific low salinity). Attention was focused on the determination of Pb, 
Cd, Cu, Zn, Mn, Cr, and As in algae samples. Methods of atomic absorption spectrometry (AAS) 
and inductively coupled plasma (ICP) are well suited for the determination of Mn, Zn, As, and Cu, 
to a lesser extent for that of Pb and Cd. The brackish Baltic seawater has its peculiarities relative to 
the effectiveness of analysis methods. The contents of arsenic (2.12 ± 0.03 µg L–1) and cadmium 
(0.061 ± 0.003 µg L–1) were determined directly from seawater by AAS using a palladium modifier. 
The enrichment factors for microelement content in seaweeds (characterizing the increase of 
element concentration from seawater to algae) have no constant value for different algae samples 
and therefore algae cannot be used as quantitative bioindicators for analytical characterization of 
seawater. 
 
Key words: atomic absorption spectrometry, brown algae, inductively coupled plasma, micro-
elements, seawater analysis. 

 
 

INTRODUCTION 
 
The use of various spectrometric techniques such as atomic absorption 

spectroscopic (AAS) and inductively coupled plasma (ICP) methods for analysis 
of seawater, marine organisms, and sediments has attracted much attention in 
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recent years. However, this important field of environmental analysis has some 
specific difficulties, due mainly to the very low concentrations of several 
elements in highly chloride conditions [1]. Besides, there are some accompany-
ing minor problems such as reproducibility and precision resulting also from the 
multielement composition of seawater as well as marine organisms. 

AAS and ICP have been thoroughly compared with other instrumental 
methods. To choose a suitable method for the investigation of biological objects 
it is especially important to compare such sensitive multielemental methods as 
inductively coupled plasma–mass spectrometry (ICP–MS) and instrumental 
neutron activation analysis (INAA) [2]. It is also of importance to collate AAS 
and ICP because both have a potential for analysis of marine objects. 

A number of preconcentration methods were proposed already years ago [3] 
to overcome the above problems. Several techniques, including solvent extrac-
tion, use of chelating resins, solid-phase extraction, ion exchange, and copre-
cipitation, have been slightly modified later and are used today as very effective 
concentrating methods for microelemental analysis. For example, in coprecipita-
tion concentration factors can reach 5000–40 000, and a number of metal 
hydroxides have been widely used and applied to the preconcentration of trace 
metal ions from different media [1, 4–8]. In addition, some specific sorbents and 
carriers such as iminodiacetate resins [9], colloidal palladium modifier [10], 
commercial C18 cartridges [11], and C60 fullerene [12] are used for the precon-
centration of inorganic ions from natural waters. 

For the analysis of Baltic seawater samples collected from different regions it 
is possible to make use of the natural concentrating ability of the brown marine 
alga Fucus vesiculosus (bladder wrack). This seaweed is of wide distribution in 
the Baltic Sea and has been used as an indicator species for monitoring the 
concentration of heavy metals and arsenic in different Baltic Sea regions [13–16]. 
Taking into consideration the average content of microelements of seawater [17] 
and Fucus vesiculosus biomass [18] (both from the Atlantic), the following high 
order values of the enrichment factor for the selected elements can be calculated: 
104 for As, Cr, Cu, and Pb; 105 for Cd; 106 for Mn and Zn. These elements are of 
highest interest from the viewpoint of environmental research and monitoring. 
They will be treated in the present study as well. However, it is not clear how 
constant the enrichment factors are for these (and other) elements of algae 
samples from different habitats and from the same sampling site. 

During the last decade one of the most promising possibilities for the 
determination of microelements by electrothermal atomic absorption spectro-
metry (ETAAS) in the environment, including seawater, was the use of a 
colloidal palladium modifier [10, 19]. In this work, the possibility of using this 
modifier for the analysis of some microelements in a brackish Baltic seawater 
sample was also investigated. 

Although ICP and AAS have been widely used for the analysis of seawater and 
marine algae, especially in the last decades, no comparative multielemental research 
of these methods has been carried out. Hence, this study aimed at assessing the 
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feasibility of the methods for analysis of marine objects and the stability of the 
results obtained. Of special interest was the determination of such frequent 
pollutants present in seawater as As and Cd by ETAAS. Another aim was to test 
the stability of enrichment factors (from seawater to algae) in the environment of a 
Baltic Sea city, as well as possibilities of using these factors for seawater monitoring. 

 
 

EXPERIMENTAL 

Instrumentation 
 

Spectra AA 220F and 220Z atomic absorption spectrometers (Varian, 
Mulgrave, Australia) equipped with a side-heated GTA-110Z graphite atomizer, 
a Zeeman-effect background correction, and an integrated autosampler were used. 
Graphite tubes with coating and platforms made of pyrolytic graphite were used 
throughout the work. Argon of 99.998% purity (AGA, Helsinki, Finland) was 
used as the purge gas. Acetylene of 99.998% purity (AGA, Helsinki, Finland) 
was used as the fuel gas in flame atomic absorption spectroscopy (FAAS). 

An Anton Paar Multiwave 3000 (Graz, Austria) microwave oven with teflon 
bombs was used for the microwave-assisted acid digestion. 

For ICP–MS investigations an Agilent ICP–MS 7500a (Agilent Technologies 
Inc., USA) instrument with Agilent ICP–MS ChemStation software and for ICP–
optical emission spectroscopy (OES) investigations an ICP–OES Vista MPX 
(Varian, Mulgrave, Australia) instrument were used. 

 
Reagents  and  samples 

 
Nitric acid (65%), “suprapure” grade (Merck, Darmstadt, Germany), hydro-

chloric acid (36–38%) “for trace metal analysis” (Baker, Phillipsburg, USA), and 
hydrogen peroxide (35%), “puriss.” (Riedel-de Haën, Seelze, Germany) were 
used. Polyvinyl pyrrolidone (PVP) K-90 (Mr ≈ 360 000) “for molecular biology” 
and palladium(II) chloride anhydrous (“purum”, 60% Pd) were purchased from 
Fluka (Buchs, Switzerland). Ethanol (96.8% v/v) was from Moe Joogid (Tallinn, 
Estonia). Water was purified to 18.2 MΩ cm–1 resistivity using a Milli-Q water 
purification system (Millipore, Bedford, USA). 

The stock atomic spectroscopy standard solutions (1000 mg L–1) of Pb, Cd, 
Cu, Zn, Mn, Cr, and As (Fluka) and Multielement Quality Control Standard 26 
(High-purity standards, Charleston, USA) were gradually diluted with 4% HNO3 
before use. 

In the case of ICP–MS, various multielement standard and quality control 
solutions, containing 10 mg L–1 of each element (AccuStandard, USA), were 
used. For ICP–MS single element standard solutions, containing 1000 mg L–1 of 
each element, were purchased from Merck. 

The samples of the brown alga Fucus vesiculosus were collected from coastal 
regions of Tallinn, Estonia, in summer 2005. Seaweeds were collected from five 
habitats to characterize the varying concentration of these significant micro-
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elements in seaweeds and seawater near Tallinn. The fresh samples were washed 
with MilliQ water and dried first at room temperature and then in a microwave 
oven at 105 °C till constant weight. After drying the samples of algae were homo-
genized using an agate mortar and treated as described in Analytical procedures. 

Seawater samples were collected from seven characteristic places in the 
coastal waters around Tallinn into pre-cleaned high-density polyethylene bottles. 
After collection, the seawater samples were acidified to pH lower than 2.0 by 
adding concentrated nitric acid in order to avoid metal adsorption onto the inner 
bottle walls. The acidified seawater samples were then filtered through a 0.45 µm 
polycarbonate membrane Nucleopore filter (Millipore). 

 
Analytical  procedures 

 
Instrumental parameters and temperature programs for atomic absorption 

measurements used are given in Tables 1 and 2, respectively. The total volume of 
the solution pipetted into the atomizer was always 20 µL (10 µL of the sample 
solution plus 10 µL of the modifier solution). At least two replicates were 
measured for each solution. As a rule, the reproducibility of the measurements 
was better than ± 10%. 

 
Table 1. Instrumental parameters used for the determination of Cd, Pb, As, and Cr by ETAAS and 
Zn, Cu, and Mn by FAAS (peak area quantitation) 

 

ETAAS FAAS  

Pb Cd As Cr Zn Cu Mn 

Wavelength, nm 283.3 228.8 193.7 357.9 213.9 324.8 279.5 
Bandwidth, nm     0.5     0.5     0.2     0.2     1.0     0.2     0.2 

 
Table 2. Temperature programs used for the determination of Cd, Pb, As, and Cr* by ETAAS [20] 

 

Step Temperature, 
°C 

Time, 
s 

Ar flow rate, 
L min–1 

1. Drying 85 (Cr); 110 (Cd, Pb, As)   5.0 3.0 
2. Drying 95 (Cr) 40.0 3.0 
 110 (Cd, Pb, As) 20.0  
3. Drying 120 (Cr); 130 (Cd, Pb, As) 10.0 3.0 
4. Pyrolysis 700 (Cd, Pb); 1300 (As) 10.0 3.0 
 1000 (Cr)   5.0  
5. Pyrolysis 700 (Cd, Pb); 1300 (As) 25.0 3.0 
 1000 (Cr)   1.0  
6. Pyrolysis 700 (Cd, Pb); 1300 (As)   6.2 0    
 1000 (Cr)   2.0  
7. Atomization 1800 (Cd); 2000 (Pb); 2600 (As)   0.7 0    
 2600 (Cr)   0.8  
8. Atomization 1800 (Cd); 2000 (Pb); 2600 (As, Cr)   2.0 0    
9. Cleaning 2200 (Cd); 2300 (Pb); 2600 (As, Cr)   2.0 3.0 

         ———————— 
        * Cr was determined using a pyrolytical coated cuvette without a modifier. 
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Table 3. Comparative analysis of certified reference material* (n = 3) 
 

Found, µg/g Element 

By ETAAS By ICP–OES 

Certified, 
µg/g 

As 26.4 ± 2.1   22.3 ± 2.0   24.0 ± 3.2 
Cd   2.63 ± 0.25     2.53 ± 0.21     2.7 ± 0.3 
Cr 94.0 ± 6.4   90.0 ± 5.2   84.0 ± 9.4 
Cu     79.1 ± 3.3**   80.2 ± 3.0   83.6 ± 4.1 
Mn   1230.3 ± 21.0** 1228 ± 25 1240 ± 60 

Pb 73.0 ± 3.8   70 ± 4   77.2 ± 1.7 
Zn     439 ± 13**   430 ± 12   439 ± 26 

                    ———————— 
                     * Certified Reference Material LG6187 (River Sediments). 
                   ** Analysed by FAAS. 
 
 

The algae samples (0.1–0.2 g) were mineralized with 3 mL of concentrated 
HNO3 and 1 mL of concentrated H2O2 in teflon bombs in a microwave oven at 
temperatures up to 180 °C for 30 min. After cooling down the bombs the solutions 
were transferred to volumetric flasks and diluted (to 25 mL) with MilliQ water. At 
least two weights and two blanks were performed per each sample. 

The colloidal Pd modifier was synthesized according to the procedure 
described in [19]. To 4 mL of the PdCl2 solution containing 50 mg of Pd in 
1 mol L–1 HCl, 1 mL of water, 20 mL of an aqueous solution of 2.5 mg mL–1 
PVP, and 25 mL of ethanol were added. The solution was refluxed for 30–60 min 
(on an electric hotplate) in a flow of argon. 

For direct determination of As and Cd in the Baltic seawater sample by 
ETAAS using a colloidal palladium modifier the seaweed samples were diluted 
with Milli-Q water (1 : 5) and the same processing program (Tables 1 and 2) was 
used as for the analysis of seaweeds. 

The accuracy of the methods used was validated by the analysis of standard 
certified reference material (CRM) (Table 3). For ICP–OES and ICP–MS 
analyses also CRM TM-28.2 (low level fortified standard for trace elements – 
lake water) and QCS 26 were used. 

 
 

RESULTS  AND  DISCUSSION 

Analysis  of  Baltic  seawater 
 
The results of the analysis of seawater samples from seven geographic points 

around Tallinn are presented in Table 4. There are only a few effective methods 
for direct multielemental analysis of seawater samples: mainly INAA and ICP–
MS. Quite poor analytical data are available about Baltic seawater of different 
regions, particularly the Gulf of Finland. 

When comparing ICP and INAA it may be pointed out that the results of the 
present study are in  accordance with  earlier  conclusions [2] and with our earlier  
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Table 4. Analysis of seawater by ICP–MS* 
 

Concentration of elements around Tallinn** Element Unit Detection 
limit 1 2 3 4 5 6 7 

B µg L–1 < 1 880 850 890 810 780 850 765 
Be µg L–1 < 0.01 0.08 0.38 0.12 0.05 < 0.05 0.08 < 0.05 
Na mg L–1 < 0.01 1620 1580 1620 1520 1460 1600 1599 
Mg mg L–1 < 0.001 220 220 220 200 190 220 203 
Al µg L–1 < 0.2 46 27 110 45 45 63 7.5 
K mg L–1 < 0.1 66 65 69 61 58 65 65.5 
Ca mg L–1 < 0.03 85 85 90 81 75 81 83.5 
V µg L–1 < 0.02 0.28 0.24 0.43 0.35 0.22 0.25 0.5 
Cr µg L–1 < 0.1 1.4 2.7 0.71 1.5 2.1 < 0.5 < 0.05 
Fe µg L–1 < 10 280 180 230 200 150 110 54.5 
Mn µg L–1 < 0.02 27 11 39 14 9.4 8.8 1.1 
Co µg L–1 < 0.01 0.26 0.26 0.36 0.19 0.19 0.23 0.1 
Ni µg L–1 < 0.1 2.5 2.5 2.6 2.1 2.6 2 1 
Cu µg L–1 < 0.1 13 49 16 5.7 5.7 3.6 1.6 
Zn µg L–1 < 0.2 8.9 40 14 5 5 4.2 3.8 
As µg L–1 < 0.1 1.5 0.93 1.8 1.1 1.1 0.82 1.75 
Se µg L–1 < 0.4 < 2 < 2 < 2 < 2 < 2 < 2 < 2 
Sr µg L–1 < 0.02 1360 1330 1430 1270 1220 1350 1360 
Mo µg L–1 < 0.01 1.2 1.2 1.6 1.2 1.1 1.1 1.45 
Cd µg L–1 < 0.01 0.05 0.05 0.05 < 0.05 < 0.05 0.25 – 
Sb µg L–1 < 0.01 0.24 0.25 0.96 0.24 0.14 0.21 0.45 
Ba µg L–1 < 0.03 25 21 31 22 22 22 23 
Tl µg L–1 < 0.01 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 – 
Pb µg L–1 < 0.02 0.53 1.3 2.2 0.59 0.13 0.38 0.15 
Th µg L–1 < 0.02 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 0.15 
U µg L–1 < 0.01 0.62 0.63 0.61 0.61 0.54 0.58 0.5 
———————— 
  * Results of 1 : 5 diluted natural water analysis (n = 3). Sodium was determined by diluting 1 : 10. 
** In characteristic sites from Suurupi to Tsitre. 
 
 
results of analysis of seawater samples from the same Baltic region [21]. It was 
found that ICP–MS is preferable for the analysis of light metals (Na, Mg, Ca, K) and 
microelements (Cu, Pb, Ni, Sr, and Ba). The determination of some lanthanides (Sm, 
Eu, Tb, Yb, Lu), Th, and Au is much more accurate and sensitive by INAA. For the 
quantification of Sb, U, Zn, and As, the potentials of both the methods are well 
comparable. Direct determination of Hg in a normal (without any preconcentration) 
seawater sample is impossible by either method due to its very low concentration 
(≈ 0.03 µg L–1) but it is possible in brown algae samples by INAA [21]. 

In this work, the determination of As and Cd in the Baltic seawater sample by 
ETAAS using a colloidal palladium modifier was carried out. The content of arsenic 
in the Baltic seawater sample (Kakumäe region) was 2.12 ± 0.03 µg L–1 and that of 
cadmium 0.061 ± 0.003 µg L–1. Direct analysis of these elements in the Baltic 
seawater sample by AAS has not been performed before. A favourable condition for 
the analysis is the low salinity of the Baltic seawater; but, for example, in the case of 
Mediterranean seawater the determination of arsenic is complicated [10]. 
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Analysis  of  algae  by  AAS  and  ICP–OES 
 

The content of six microelements (Pb, Cu, Zn, Cr, Mn, As) in the brown alga 
Fucus vesiculosus is presented in Fig. 1. The results of analysis of the elements con-
tent by AAS and ICP–OES are given as parallel measurements for the same algae 
sample. 
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Fig. 1. Comparative determination of microelements by AAS ( ) and ICP ( ) in Fucus vesiculosus 
(from 12 sampling sites around Tallinn, extent 50 km of coastal line from Suurupi to Tsitre). RSD 
of neither method exceeded 1.5%. 
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The microelemental composition of seaweed samples varies greatly by habitat 
and average age of the algal tissues analysed. Regardless of the great variation of 
concentrations, the elements may be determined equally well by AAS and ICP–
OES (Fig. 1). In general, the variation of the composition of seaweeds by habitat, 
season, and age is well known [18, 21–23]. Our results confirm the instability of 
inorganic ions content in algal biomass. This is why the powerful concentrating 
ability of seaweeds may be only very poorly used for monitoring seawater 
composition. 

 
Comparison  of  ETAAS  (or  FAAS),  ICP–OES,  and  ICP–MS 

 
The methods were used for comparative analysis of the concentration of seven 

important microelements from solutions of algal samples (Table 5). In some  
 
Table 5. Comparison of different methods for the determination of microelements in Fucus 
vesiculosus from solutions of algae samples (n = 4) 

 

Element concentrations in solutions from different sampling sites  Detection 

limit 1 2 3 4 5 

Pb, µg L–1       
ETAAS 1.2 4.46 ± 0.12   1.06 ± 0.04 3.21 ± 0.09     5.62 ± 0.08     2.81 ± 0.11 
ICP–OES 10 5.22 ± 0.12   1.33 ± 0.51 2.34 ± 0.67     2.28 ± 0.64     0.43 ± 0.21 
ICP–MS 0.02 6.91 ± 0.13   1.83 ± 0.04 4.91 ± 0.04     7.61 ± 0.06     3.22 ± 0.09 

Cd, µg L–1       
ETAAS 0.021 3.82 ± 0.02   3.93 ± 0.03 3.01 ± 0.04     6.91 ± 0.03     4.60 ± 0.04 
ICP–OES 10 BDL BDL BDL BDL BDL 
ICP–MS 0.01 4.52 ± 0.02   2.52 ± 0.02 3.61 ± 0.02     8.80 ± 0.01     5.23 ± 0.02 

Cu, mg L–1       
FAAS 0.005 0.434 ± 0.021   0.177 ± 0.022 0.057 ± 0.012     0.074 ± 0.012    0.047 ± 0.028 
ICP–OES 0.005 0.396 ± 0.031   0.185 ± 0.028 0.049 ± 0.015     0.071 ± 0.016    0.048 ± 0.033 
ICP–MS 0.1 × 10–3 0.462 ± 0.004   0.224 ± 0.007 0.059 ± 0.010     0.088 ± 0.007    0.049 ± 0.009 

Zn, mg L–1       
FAAS 0.003 0.525 ± 0.013   0.188 ± 0.019 0.264 ± 0.019     0.531 ± 0.016    0.447 ± 0.016 
ICP–OES 0.010 0.480 ± 0.015   0.161 ± 0.018 0.229 ± 0.017     0.500 ± 0.017    0.377 ± 0.019 
ICP–MS 0.2 × 10–3 0.587 ± 0.005   0.192 ± 0.006 0.269 ± 0.006     0.530 ± 0.005    0.449 ± 0.004 

Mn, mg L–1       
FAAS 0.003 4.44 ± 0.02   5.21 ± 0.01 7.33 ± 0.01     3.85 ± 0.04     6.01 ± 0.04 
ICP–OES 0.010 4.23 ± 0.04   4.99 ± 0.04 6.83 ± 0.05     3.50 ± 0.04     5.73 ± 0.04 
ICP–MS 0.02 × 10–3 4.54 ± 0.01   5.47 ± 0.01 7.50 ± 0.01     3.95 ± 0.02     6.08 ± 0.04 

Cr, µg L–1       
ETAAS 0.5 15.92 ± 0.09   10.19 ± 0.11 7.51 ± 0.08   11.22 ± 0.02     8.97 ± 0.02 
ICP–OES 10   8.42 ± 0.24     3.84 ± 0.19 2.42 ± 0.08     4.06 ± 0.14     4.64 ± 0.09 
ICP–MS 0.1 14.21 ± 0.02     8.92 ± 0.08 7.00 ± 0.04     9.62 ± 0.11 n.d. 

As, µg L–1       
ETAAS 0.62 70.7 ± 0.1   79.3 ± 0.1 64.4 ± 0.1 106.7 ± 0.1   97.7 ± 0.1 
ICP–OES 20 64.40 ± 0.13   74.1 ± 0.1 70.7 ± 0.1 104.4 ± 0.1   97.7 ± 0.1 
ICP–MS 0.1 94.1 ± 0.1 105.0 ± 0.1 93.6 ± 0.1 143.0 ± 0.1 101.0 ± 0.2 

———————— 
BDL – below detection limit. 
n.d. – not determined. 
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cases, the methods were unsuitable for analysis, especially ICP–OES for the 
analysis of Cd, Cr, and Pb (which were below the detection level). Evidently, the 
determination of Pb is complicated in all the cases studied. The results of As 
content determination by ICP–MS differ from other results and need further 
investigation. In general, however, the results are acceptable and the methods 
investigated can be used for such kind of analyses. 
 

Validation  of  data 
 
It can be seen that the data obtained (Table 3) correspond well to the reference 

data for all four CRMs and for all analytes studied. The accuracy of the analytical 
results for the algae samples was checked using recovery of spikes. For this 
purpose, spikes of the analytes were added to the digests of biological materials 
before the measurements. Recoveries for the spikes for all analytes studied were 
in the range 91–113% (Table 6). Detection and quantitation limits and 
uncertainties for the method developed are given in Tables 7 and 8. 
 

Table 6. Recoveries of the spikes for two algae samples (P = 0.95; n = 4) 
 

Analyte Found in 
original sample, 

µg L–1 

Spike 
added, 
µg L–1 

Total concentration 
found, 
µg L–1 

Spike 
found, 
µg L–1 

Recovery, 
% 

Furcellaria lumbricalis, Viimsi 2003 
Cd   4.48 ± 0.04   5   9.44 ± 0.09     4.96   99 
Pb   9.12 ± 0.33 10 19.02 ± 0.08     9.90   99 
As 21.16 ± 0.10 10 31.64 ± 0.71 10.5 105 
Se   3.01 ± 0.10 20 22.87 ± 0.21 22.7 113 
 

Furcellaria lumbricalis, Viimsi 2005 
Cd   1.03 ± 0.03   5   5.57 ± 0.06     4.54   91 
Pb   3.79 ± 0.04 10 13.18 ± 0.49     9.39   94 
As 21.71 ± 0.34 10 31.4 ± 1.1     9.69   97 
Se   2.25 ± 0.09 20 23.9 ± 1.4   21.65 108 

 

Table 7. Metrological parameters for the ETAAS method developed 
 

Analyte Parameter 

Pb Cd As Se 

Detection limit (3SD), µg L–1     1.2         0.021       0.62     1.1 
Quantitation limit (10SD), µg L–1     2.8         0.057       1.15     2.6 
Measurement expanded, µg L–1       4.1*       1.3*       5.8*       3.6* 

Uncertainty, % (k = 2)   8 11 15 12 
Measurement expanded, µg g–1         3.0**         1.0**       20.0**         2.0** 

Uncertainty, % (k = 2) 11   9   8 15 
     ———————— 
     Note: Measurement expanded uncertainties were calculated from CRM* – TM-28.2 (low level 
     fortified standard for trace elements – lake water) and spiked algae sample**. 
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Table 8. Metrological parameters for the FAAS method developed 
 

Analyte Parameter 

Cu Zn Mn Cr 

Detection limit (3SD), mg L–1 0.005   0.003 0.003   0.06 
Quantitation limit (10SD), mg L–1 0.011   0.007 0.010   0.14 
Measurement expanded, mg L–1 0.1   0.1 0.1   2.0 

Uncertainty, % (k = 2) 6.1   8.1 6.8   7.6 
Measurement expanded, µg g–1 5.0 20.0 5.0 25 

Uncertainty, % (k = 2) 6   8 8 10 
      ———————— 
     Note: Detection and quantitation limits were calculated from blanks and an R-chart. 

 
 

CONCLUSIONS 
 
In general, the data obtained proved the high potential of modern AAS and 

ICP methods for fast and accurate determination of some toxic elements in the 
brown alga Fucus vesiculosus and Baltic seawater. However, of the seven 
important (polluting) microelements (Pb, Cd, Cu, Zn, Mn, Cr, As) some 
complications may occur in the case of Pb and Cd (for ICP–OES) due to their too 
low concentration levels in brown algae samples. On the other hand, some 
elements (As, Cd) may be determined directly from Baltic seawater by AAS 
using a colloidal palladium modifier, thanks to the low natural salinity of this 
brackish sea. ICP–MS is one of the best and most universal methods for the 
quantification of microelements and light metals in seawater and brown algae. 

The microelement composition of algae varies strongly by samples. Although 
the enrichment factors of elements (from seawater to algae) are high, they have 
no constant value for the algae of different habitats and ages. The poor 
correlation between the content of microelements in seawater and algal biomass 
does not allow trustworthy characterization of the marine environment by using 
enrichment factors. 
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Balti  mere  vetikate  ja  merevee  mikroelementide   
võrdlev  analüüs  AAS-  ning  ICP-meetodite  abil 

 
Kalle Truus, Anu Viitak, Merike Vaher, Urmas Muinasmaa,  

Keddy Paasrand, Rando Tuvikene ja Tuuli Levandi 
 
On iseloomustatud võrdlevalt erinevaid spektroskoopilisi meetodeid (elektro-

termiline aatomiabsorptsioonspektroskoopia (ETAAS), leek-aatomiabsorptsioon-
spektroskoopia (FAAS), induktiivsidestunud plasma-massispektromeetria  
(ICP–MS), induktiivsidestunud plasma-optiline emissioonspektroskoopia  
(ICP–OES)) pruunvetikate Fucus vesiculosus ja Läänemere veeproovide analüüsi 
aspektist. Enam on tähelepanu pööratud selliste aktuaalsete saasteelementide 
nagu Pb, Cd, Cu, Zn, Mn, Cr ja As määramisele vetikaproovides. On näidatud,  
et AAS- ja ICP-meetodid sobivad hästi Mn, Zn, As ja Cu, kuid vähemal määral 
Pb ja Cd määramiseks. Riimveelise Läänemere veeproovidel on analüüsi efek-
tiivsuse seisukohast teatud eelised, võimaldades määrata pallaadiummodifi-
kaatorit, kasutades ülimadalaid arseeni (2,12 ± 0,03 µg L–1) ja kaadmiumi 
(0,061 ± 0,003 µg L–1) kontsentratsioone otse mereveest. Mikroelemendi rikastus-
faktor uuritud pruunvetikates, mis iseloomustab vetikate kontsentreerimisvõimet 
(arv, mis näitab, mitu korda on elemendi sisaldus vetikate biomassis kõrgem kui 
ümbritsevas merevees), pole erinevate vetikaproovide jaoks konstantse 
väärtusega, mistõttu pole see faktor kvantitatiivse bioindikaatorina merevee 
analüütiliseks iseloomustamiseks kasutatav. 

 
 
 
 


