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Abstract: The paper presents results of aluminium concentration determination in the samples of surface water
and bottom sediments of the Mata Welna River (West Poland). In the surface water the concentration of alu-
minium varies in the range from 4.14 to 25.9 pg/dm?. With use of the Mineql+ program the concentration of
the aluminium sulphate complexes in the water samples studied has been determined in a model way. In the
bottom sediments samples of the river aluminium has been determined in the granulometric fractions of the
grain sizes > 2.0; 2.0-1.0; 1.0-0.5; 0.5-0.25; 0.25-0.1; 0.1-0.063; < 0.063 mm, using the scquential extraction
scheme proposed by Tessier ef al. The lowest concentration of aluminium has been found in the granulometric
fraction 0.5-0.25 mm, while the highest in the fractions 0.1-0.063 and < 0.063 mm. An clevated concentration
of aluminium has been also noted in the fraction > 2.0 mm. Taking into regard the chemical fractions the lowest
concentration of aluminium has been found in the exchange fraction and the fraction bounded to carbonates
(fractions | and II), whereas the highest concentration of aluminium has been determined in the lithogenic
fraction (fraction V). The methods of sample preparation for analysis of aluminium in bottom sediments were
compared. It was observed that higher concentration of aluminium was present in grounded samples without its
influence on grain size fractions. The concentration of aluminium in surface water samples has been determined
by the GF-AAS, while in bottom sediments by F-AAS.

INTRODUCTION

The natural content of aluminium in the Earth’s crust (7.8% of the total mass of the
Earth) and susceptibility to external factors and numerous reactions occurring in natural
environment is reflected in its forms of occurrence which condition its degree of bioavail-
ability and mobility in aquatic ecosystems [7, 16, 21, 27]. The aluminium concentration
in surface waters most frequently is at the range from 60 to 300 pg/dm?’, while river waters
are characterized by the average aluminium concentration of 64 pg/dm’ [17]. However,
it should be emphasized that such low aluminium concentrations occur in the aquatic
ecosystems with stable conditions of temperature, pH reaction, redox potential or the
amount of inorganic and organic contaminants in waters. The variability of environmen-
tal conditions may affect the shift of balance in the sorption — desorption and water — sedi-
ment systems, increasing at the same time the occurrence possibility of dissolved, and
as a result available, forms of aluminium. The highest solubility of aluminium occurs in
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the waters of strongly acid environments (for example, in the areas of frequent volcanic
activity or the zones of sulfide deposits oxidation) or strongly alkaline environments (for
example, in the areas of alkaline lakes, the zones of low-pressure products dissolution or
the zones of thermal metamorphism of carbonate rocks). As a result, aluminium may oc-
cur at the levels exceeding the acceptable concentrations in drinking water, which is toxic
for living organisms. Aluminium in aqueous solutions is characterized by amphoteric
properties and may create both cation and anion complexes, organic and inorganic, with
the tendency towards polymerization [32]. The factors which determine the type of the
complex include pH reaction of water, temperature, concentration of ligands and ionic
strength of solution [22]. Depending on the form of complex compounds, the aluminium
complexes created are characterized by different toxic influence on living organisms [2,
3, 15, 23]. The inorganic monomeric aluminium with fluoride and sulphate ions com-
plexes is considered the toxic form of aluminium [9, 10, 14]. In the environment with
a high level of acidity, sulphate ions make the main anion which occurs together with
dissolved inorganic forms of aluminium and creates complex with them [21]. The pres-
ence of dominating aluminium-sulphate complex forms depends on the sulphate ions
concentration in the environment. The ions AISO,” occur with low concentrations, while
the ions AI(SO,), are characteristic for higher concentrations of SO,* [22]. The AI-SO,
complexes are dominant only with the high concentrations of sulphate ions and low pH <
4.5 and they are not as stable as the aluminium fluoride complexes [8, 33].

The aim of the research was (1) the determination of aluminium concentration in
surface waters, (2) the identification of aluminium forms in bottom sediments by means
of the sequential extraction procedure, (3) the assessment of the influence of a granu-
lometric fraction size on aluminium concentration, (4) the assessment of the influence
of sample preparation on aluminium concentration at particular stages of the sequential
extraction procedure, (5) modeling with the use of Mineql+ program and determination
of the concentration of aluminium-sulphate complex forms in the investigated water sam-
ples.

MATERIALS AND METHODS

Study area

The Mata Welna River catchment area lies in the centre of the Wielkopolsko-Kujawska
Lowland [18]. The river is 83.8 km long and its catchment area is 688 km®. Up to the
profile Kiszkowo at the end of the catchment fragment studied, the Mata Welna River
flows through eight lakes with a total water surface area of 392.8 ha and a complex of fish
ponds with a surface area of 235.1 ha (Fig. 1). The catchment area of the river is mostly
agricultural (arable land 82.7%), forests (8.0%), orchards (0.3%) and idle land (9.0%).
The area of the catchment fragment studied is 342 km?, and the length of the river in this
fragment is 45.3 km, with a slope of 0.58%o [17, 18].

Sample collection and preparation
Once a month from May to August 2006, the samples of water and bottom sediments
were collected at nine sites along the course of the Mata Wetna River (Fig. 1).

The water samples were collected with the Ton 2 sampler and placed into polyeth-
ylene (PE) bottles. The bottom sediment samples were collected with the Czapla-1 core-
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Fig. 1. Sampling points of water and bottom sediment (the Mata Welna River)

sampler (Mera-Blonie, Gdansk, Poland) and placed into PE containers. The sediment
sample was dry sieved into seven-grain size fractions > 2.0 mm, 2.0-1.0 mm, 1.0-0.5
mm, 0.5-0.25 mm, 0.25-0.1 mm, 0.1-0.063 mm, < 0.063 mm through a LAB-11-200/UP
mechanical shaker (Brzesko, Poland) with a series of stainless steel sieves. In order to
differentiate and conduct quantitative determination of aluminium forms in particular
granulometric fractions of bottom sediments samples, the modified sequential extraction
scheme suggested by Tessier et al. was used (Tab. 1).

Chemical analysis

The determination of total aluminium concentration in water samples was performed by
means of the graphite furnace atomic absorption spectrometry (GF-AAS). The atomic
absorption spectrometer SpectrAA 20 Plus (Varian, Australia) was used for the determi-
nations. The aluminium determinations in granulometric fractions of bottom sediments
were performed with use of the absorption spectrometry with flame atomization (F-AAS)
technique on the two-beam Perkin Elmer instrument, model AAnalyst 300 (Perkin Elmer,
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Table 1. Operating parameters for determination of aluminium by GF-AAS and F-AAS spectrometers

GF-AAS |  F-AAS
Wavelength [nm] 309.3
Slit [nm] 0.5
Lamp current [mA] 6 25
Flow of C,H, [dm?/min] - 6
Flow of N,O [dm*/min] - 8,5
Flame temperature [°C] - 3000
Argon flow [dm?/min] 3.0 -
Drying [°C] 120 -
Drying time (s] 40 B
Ashing [°C] 1000 —
Ashing time [s] 2 -
Atomization [°C] 2600 -
Atomization time [s] 2 -
Cleaning [°C) 2700 —
Cleaning time [s] 2 -
Delay time [s] - 2
Measurement time [s] - 3
Number of replications - 3

Norwalk, Connecticut, USA). The optimized conditions for aluminium determinations
have been presented in Table 2.

Concentration of SO, was determined by gravimetric method, pH reaction of the
surface water was determined by a multifunctional measuring device, Multi 197, manu-
factured by WTW (Weilheim, Germany).

Table 2. Optimized conditions of sequential extraction procedure proposed by Tessier ef al. [30] with

modifications by Sobczynski er al. [25]

1 g of sample of bottom sediment
Ex;z;tslon reagents time [h] | temperature [°C]
I 10cm’of 1| M CHSCOONHJ, pH =7.00 1 room
. 20 cm’ of 1 M CH,COONa acidify to pH = 5.00 with ) -
CH,COOH

I 20 cm® of 0.04 M NH,OHxHCl in 25% CH,COOH 5 95

5cm® of 0.02 M HNO, + 5 cm’ of 30% H,O,, pH = 2.00 2 85

v 5 em?® of 30% H,0,, pH =2.00 3 85
10 cm?® of 3.2 M CH,COONH, in 20% (v/v) HNO, 0.5 room

3 em, of HNO, +2 cm® of 30% H,O, 0.5
\% 3 em?® of HF +2 em’ 30% H,0, 0.5 95
3 em?® of HF + 3 cm® HNO, 1
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Reagents

All the reagents used were of analytical grade, and the water was deionized with a resis-
tance > 18 MQ in a Milli Q-RG apparatus (Millipore, France). The reference standard
solutions were made of commercial standards for AAS analysis by Merck (Merck, Darm-
stadt, Germany).

RESULTS AND DISCUSSION

The total aluminium concentration in the all samples of surface waters of the Mata Welna
River in the research period from May to August 2006 was in the range from 4.14 to 25.9
ug/dm?, for pH 7.1-7.5. Concentration of sulphates was in the range 0f91.8—197.1 mg/dm?®.
The lowest concentrations of aluminium were observed at site No. 6, whereas the high-
est — at the sampling site No. 7 (fish ponds) (Fig. 2). The similar aluminium concentra-
tions as at site No. 6 were observed at sampling sites No. 2 and 4 (Kleckie Lake and
Gorzuchowskie Lake) and in Zakrzewo (site No. 5). During the analysis of variability of
aluminium concentration in time, the lowest and highest concentrations were observed in
May, at site No. 2 (Kteckie Lake) and No. 7 (fish ponds) respectively. It should be stressed
that the increase of aluminium concentrations was observed in the Mata Welna River at
sites No. 3 and 7 to 9 in comparison with other research points.
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Sampling points
Fig. 2. Concentration of aluminium in water samples of the Mata Welna River

Based on the obtained results it was observed that, together with the increase of [H™]
concentration, the total concentration of aluminium decreased. On the other hand, the
decrease of the [H'] was accompanied by the increase of aluminium content, which has
been graphically presented in Figure 3.

The total aluminium level in the investigated water samples collected from the Mata
Welna River was low in comparison with, for example, the total aluminium content in the
Vienne Royere River (from 16.4 to 100.6 pg/dm?, pH 5.8-7.9), or in the Vienne Peyre-
levade River (from 22.4 to 130.5 pg/dm?, pH 5.7-6.8) [14]. Definitely higher concentra-
tions of total aluminium were observed in the Vezare River (from 45.2 to 146.4 ng/dm?,
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Fig. 3. Concentration of total aluminium in the function of water Ph for all analyzed samples

pH 5.6-6.8), the Grande Creuse (from 9.2 do 141.2 pg/dm?, pH 6.5-7.4), or the Gar-
tempe (from 8.7 do 274.8 pg/dm?, pH 6.2-7.0) [15]. The rivers were located in the areas
of high contamination level, similarly to the surface waters of Adirondack, Maine or
Florida, which contained 8.1-756; 8.1-810; 8.1-1350 ug/dm’ of total aluminium respec-
tively [15]. The increased concentrations of aluminium from 27 to 1080 pg/dm?® were
determined in the waters exposed to acid rain in the Czech Republic, and from 81 to
1194 pg/dm? in the waters exposed to air pollution in northern England [20]. In the case
of lack of exposure of the river waters to air pollution, the total aluminium concentration
amounted to < 1.0 pg/dm? in Birkenes, and in the case of acid deposition, the aluminium
concentration was much higher and it amounted to 110 ug/dm? [5]. In order to determine
the content of aluminium-sulphate complex froms occurring in the waters of the Mata
Wehna River, the Statisica 7.1 packet (StatSoft, Poland) and the Mineql+ program 4.5
(USA) were used. Using the Statisica 7.1 packet, the data standardization was done. The
data were obtained through calculations with use of the Mineql+ 4.5 program (Tab. 3).
The data after standardization are presented in Figure 4.

In the case of aluminium-sulphate complexes, it was observed that, together with the
increase of [H'] and sulphate ions, the concentration of AISO," and AI(SO,),” complexes
increases, with the simultaneous decrease of the total aluminium content. The dominating
complex form in the investigated samples was AISO," (Fig. 5). On the other hand, the
increased pH level was accompanied by the disintegration of sulphate complexes with the
simultaneous aluminium release. It resulted from the fact that complexes of aluminium
with sulphates are characterized by low values of stability constants, log K for AISO," and
AI(SO,),  amounts to 3.89 and 4.92 respectively (Figs 4 and 5).

It should be emphasized that, despite determining a low concentration of total alu-
minium in the investigated waters, only quantitative and qualitative defining of its specia-
tion forms, and especially the inorganic monomeric form which includes the toxic form,
will enable the assessment of its actual risk level for the river ecosystem. The forms
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Fig. 4. Co-occurrence of SO%, AISO ", Al(SO,),, total Al and amount of hydrogen ions after standardization
(sampling point No. 5)
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Fig. 5. Concentration of AISO," and Al(SO,), complexes in the function of water pH

which create monomeric aluminium are its complex with fluorides, phosphates and sul-
phates [4, 31]. Aluminium-sulphate complexes occur in the form of AISO,” and AI(SO,),"
ions and their presence in river ecosystems depends on sulphate ions concentration and on
the pH value. This dependence was used while studying the concentration of aluminium
complexes with sulphates based on the actual results of the total aluminium concentration
and the sulphates concentration by means of the Mineql+ program. The obtained results
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demonstrated that the dominating form in the waters under investigation was AISO," (Fig.
5), and its highest contents occurred in May (Tab. 3).

Table 3. Concentration of aluminium, sulphate and [H+] in surface water of the Mala Wetna River (sampling
point No. 5) and calculated concentrations of Al-SO, complexes from Mineql+ program

May June I July August

[mol/dm?]
SO 1.41E-03 1.56E-03 1.61E-03 1.54E-03
AISO, 6.75E-14 1.50E-13 6.15E-13 1.48E-13
Al(SO,), 1.02E-15 2.51E-15 1.06E-14 2.44E-15
[H] 3.16E-08 3.98E-08 6.31E-08 3.98E-08
Al 2.85E-07 2.81E-07 2.30E-07 3.03E-07

The AI(SO,),” form occurred at the lower concentration levels, due to the low con-
centration of sulphates in the investigated samples collected from the Mata Welna River
and the pH reaction of water (Fig. 5). Both isolated forms represent monomeric inorganic
aluminium, which has toxic influence on living organisms. Similar trend like for sample
No. 5 was observed for other analyzed sampling points (Tab. 4). Table 4 presents mean
values of aluminium and sulphates and calculated values of aluminium sulphate com-
plexes [mol/dm?].

Table 4. Concentration of aluminium, sulphate and [H'] in all samples of surface water of the Mala Welna
River and calculated concentrations of AI-SO, complexes from Mineql+ program (May — August)

Sampling . 5 5 , . 3 3
- Al [mol/dm*]| SO [mol/dm’] [H] AISO," [mol/dm’] | AI(SO,),” [mol/dm?]

1 4.61E-07 1.74E-03 2.24E-08 7.48E-14 1.39E-15

2 2.35E-07 1.60E-03 1.58E-08 8.86E-15 1.52E-16

3 7.26E-07 1.49E-03 2.24E-08 1.01E-13 1.61E-15

4 2.48E-07 1.56E-03 1.58E-08 9.11E-15 1.52E-16

S 2.68E-07 1.51E-03 4.47E-08 5.84E-13 9.46E-15

6 1.85E-07 1.53E-03 7.08E-08 2.50E-12 4.10E-14

7 7.78E-07 1.42E-03 5.62E-08 3.96E-12 6.02E-14

8 4.61E-07 1.18E-03 5.01E-08 1.24E-12 1.56E-14

9 5.15E-07 1.18E-03 5.01E-08 1.38E-12 1.75E-14

According to Kroglund and Finstad the sum of all forms of monomeric alumin-
ium with the concentration of 1.5 to 3.0x107 mol/dm? is toxic for the Atlantic salmon
[19]. However, the obtained concentrations for the AISO,” (max. 6.15x10""% mol/dm?)
and AI(SO,),” (max 2.51x10"° mol/dm*) forms do not pose any danger for the living
organisms studied in the Mata Weina River. Contrary to the toxic concentrations of alu-
minium in the Vienne Royere River (1.1x10* mol/dm?), or the Vienne Peyrelevade River
(6.0x107 mol/dm?®) [14], higher values were suggested by Kroglund and Finstad [19].
In comparison to Kroglund and Finstad higher concentrations of the toxic aluminium
form were also determined in the Vezer River (from 0.2x107 to 0.59x10* umol/dm?), the
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Grande Creuse (from 0.27x10% to 0.544x 10 pmol/dm?), the Gartempe (from 0.6x10~ to
0.112x107* pmol/dm?) [15, 19].

The water samples analysis enabled the determination of various forms of alumin-
ium but, in order to find out complete information of the potential cycle of this element
in the studied aquatic ecosystem, it was essential to determine its mobile forms in bottom
sediments. The obtained results of aluminium fractionation, in particular granulometric
fractions, for bottom sediments were presented on the example of the research site No. 5
(Fig. 6) and presented trend of occurring of particular fractionation form of aluminium
was observed for all samples from the study area. In the two first most toxic fractions,
that is the exchangeable one and the one associated with carbonates, the concentration
of aluminium in all the analyzed samples was low and it reached the maximum value of
up to 5.65 mg/kg d.m. (for granulometric fraction < 0.063 mm). Higher concentrations
of aluminium were determined in the chemical fraction associated with Fe-Mn oxides
(fraction III).

The highest concentrations of aluminium were determined in the grain size fraction
> 2.0 mm which amounted to 1720 mg/kg d.m., while for the fraction 0.25-0.1 mm the
aluminium concentration amounted to 356 mg/kg d.m. It is noteworthy that the alumin-
ium occurring in this fraction is less mobile than in the case of fractions I and 1I, hence
its penetration to the water depth is more difficult. In the fraction connected to organic
matter (fraction IV), the highest concentration of metal occurred in grain size fraction <
0.063 mm and it amounted to 1710 mg/kg d.m. Sobezynski et al. [25], on the example
of bottom sediments of the Oder River and lake sediments, also observed the increase of
aluminium concentration in this fraction. Sobczynski et al. related this fact to the increase
of organic matter concentration in bottom sediments [25, 26]. Sin ef al. while performing
mineralization with HCl i HNO, acids in the samples of river sediments of the Shing Mun
River, obtained the aluminium concentration at the levels from 0.249 to 114 mg/g d.m.
[24]. When these values are compared with the concentrations obtained for fraction IV in
the sediments of the Mata Welna River, one can observe that they are much lower. On the
other hand, Deheyn and Latz using the 45% HNO, obtained the aluminium concentration
at the level 0f 0.055 to 0.62 mg/g d.m. in the sediments of San Diego Bay, describing this
form of aluminium as connected with organic matter [6].

The highest concentration of aluminium in the bottom sediments of the Mata Wetna
River was determined in the lithogenic fraction (fraction V), in which aluminium is prac-
tically unavailable for living organisms. It results from the fact that aluminium is built in
mineral structures, hence, in order to release it, strongly reductive conditions would be
necessary. In the bottom sediments of the Mata Wetna River the content of aluminium
in fraction V was in the range from 550 to 2330 mg/kg d.m., and the highest concentra-
tions were observed for granulometric fraction < 0.063 mm (Fig. 6). These results are
considerably lower than the ones obtained by Baborowska et al. where the total alumin-
ium content in the bottom sediments was determined at the concentration level of 41-73
g/kg d.m. [1]. While analyzing the aluminium concentration in particular granulometric
fractions of the investigated bottom sediments samples, the highest concentrations of alu-
minium were observed in fraction < 0.063 mm for chemical fractions II, IV and V, and for
granulometric fraction > 2.0 mm in the case of chemical fraction 111 (Fig. 6). The similar
trend of aluminium was observed in granulometric fraction of tsunami deposit samples
determined by Ziota-Frankowska et al. [34].
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Fig. 6. Concentration of aluminium in bottom sediment of the Mata Weina River, in particular chemical
fraction and granulometric fractions (sampling point No. 5)

The results of the research by Sutherland ef a/. [28, 29] in granulometric fractions
< 0.063, 0.063-0.125, 0.125-0.25, 0.25-0.5, 0.5-1.0, 1.0-2.0 mm indicate that author
obtained a similar dependence of the tendency for one analyzed element (Pb) in com-
parison to the obtained results presented in this study. Sutherland determined the highest
concentration of Pb in bottom sediments in the granulometric fraction 0.500-1.0 mm [28,
29]. Frankowski et al. presented the results of the research on bottom sediments of the
QOder River, where the extraction with use of HNO, and H,O, acids in twelve granulom-
etric fractions of river sediments was applied [12]. The results of determination of metals
for particular granulometric fractions presented in the study look similar to the results
obtained in this study and in the study by Frankowski ef a/. [11, 13].

Within the scope of the conducted research, the assessment of the influence of the
method of bottom sediments sample preparation on the aluminium concentration, in par-
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Fig. 7. Concentration of aluminium in particular chemical fractions for selected grain size fractions in bottom
sediments of the Mata Welna River (sampling point No. 5)
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ticular chemical fractions subjected to the procedure of sequential extraction, was con-
ducted. Sample No. 5 with 1.0-0.5 mm, 0.5-0.25 mm, 0.25-0.1 mm grain size fractions
was subjected to the sequential extraction procedure for the samples grounded in the
agate mortar, and for the samples which were not grounded (Fig. 7).

The obtained results indicate a considerably higher concentration of aluminium in
chemical fractions I1I-V for the grounded samples, in comparison with the ones which
were not grounded.

CONCLUSIONS

Based on the obtained results of the aluminium research in the samples of surface waters
and bottom sediments of the Mata Wetna River in the period from May to August 2006,
the following conclusions may be formulated:

1.  Low concentrations of total aluminium (from 4.14 to 25.9 pg/dm?) determined
in the water of the Mata Wea River indicate only a small burden of the inves-
tigated waters with this element. A slight increase of the aluminium concentra-
tion was only observed at the sites located below towns, which may indicate
local contamination with this element.

It was also observed that, together with the increase of [H'] and sulphate ions

concentration, the concentration of AISO,” and Al(SO,), complexes increases,

with a simultaneous decrease of the total aluminium content. It was assumed
that the dominating complex form in the all investigated water samples was

AISO,".

For particular granulometric fractions of the all investigated samples of bottom

sediments the highest concentration of aluminium was determined in fraction <

0.063 mm for chemical fractions II, IV, V and for granulometric fraction > 2.0

mm in the case of chemical fraction III.

4. In the case of bottom sediments, the lowest concentration of aluminium was
determined in the exchangeable fraction and the fraction connected with car-
bonates (fraction I and II — the most mobile), while the highest concentrations
were determined in the lithogenic fraction (fraction V), where aluminium is
practically unavailable for living organisms.

5. The concentrations of aluminium speciation forms obtained in water (AISO,;
Al(SO,),) and in bottom sediments (especially for chemical fractions I and II)
do not pose any danger for living organisms in the Mata Wetna River.

6. It was found that higher concentration of aluminium in chemical fractions ITI—-
V was observed for the grounded samples in comparison with the ones which
were not grounded.
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OZNACZANIE | MODELOWANIE GLINU W POLACZENIACH Z SIARCZANAMI W WODACH
POWIERZCHNIOWYCH I FRAKCJIONOWANIE GLINU W OSADACH DENNYCH

W pracy przedstawiono wyniki oznaczen glinu w probach wod powierzchniowych i osadach dennych rzeki Mata
Welna. W wodach powierzchniowych stwierdzono stgzenie glinu w przedziale 4,14-25,9 pg/dm’. Przy wyko-
rzystaniu programu do modelowania Mineql+ wyliczono stgzenie form kompleksow glinowo-siarczanowych
w badanych probkach wody. Frakcjonowanie glinu w osadach dennych przeprowadzono we frakcjach granu-
lometrycznych o uziarnieniu: > 2,0; 2,0-1,0; 1,0-0,5; 0,5-0,25; 0,25-0,1; 0,1-0,063; < 0,063 mm, z wyko-
rzystaniem zmodyfikowanego schematu ekstrakcji sekwencyjnej zaproponowanego przez Tessiera i wspot-
pracownikdw. Najnizsze st¢zenia glinu wystepowaly we frakeji granulometrycznej od 0,25-0,5 mm, natomiast
najwyzsze stezenia we frakeji 0,1-0,063 mm i < 0,063 mm. Zaobserwowano réwniez wzrost st¢zenia glinu we
frakcji granulometrycznej > 2,0 mm. W przypadku frakcji chemicznych najnizsze stezenia glinu oznaczono we
frakcji wymienialnej i zwiazanej z weglanami (frakcja [ i 1), natomiast najwyzsze stgzenia glinu oznaczono we
frakcji litogennej (frakcja V). Porownano metody przygotowania probki do analizy glinu w osadach dennych.
Stwierdzono wyzsze stezenia glinu w probkach poddanych rozcieraniu bez wzgledu na wielkos¢ frakeji granu-
lometrycznej. Glin w wodach powierzchniowych oznaczono technika absorpcyjnej spektrometrii atomowej
z atomizacja w kuwecie grafitowej (GF-AAS), a w osadach dennych technika absorpeyjnej spektrometrii ato-
mowej z atomizacja w ptomieniu (F-AAS).



