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Abstract

This paper presents the results of speciation analysis of aluminium in the River Silnica. The concentra-
tion of individual aluminium forms has been correlated with the select physical and chemical parameters of

water.
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Introduction

Aluminium is a very common component of the litho-
sphere, and part of aluminosilicates, and is insoluble in
water under normal conditions. Its solubility considerably
increases as a result of acidifying caused by acid rain; an
increase in solubility is especially significant when weakly
buffered soils are involved [1, 2].

There are two ways that aluminium gets into surface
waters:

1) alongside waste water (from plants producing alu
minium and its salts or making use of it in their produc
tion);

2) by leaching from minerals containing this element
in the form of different aluminosilicates. Low pH value
(<4.2) favour the process of hydrolytic aluminium
weathering from minerals in the form of [A1(H,O)s]*" ion
[3, 4]. Processes of water conditioning where aluminium
compounds act as coagulants are another source of alu
minium; as such the following are used: initially hy-
drolized aluminium chlorides under the trademarks
PAC, PAX as well as ALF (a mixture of aluminium salt
and iron) [5-7].

The value of pH affecting the hydrolysis of aluminium
ions is the most crucial factor that accounts for the form
of aluminium occurrence [8, 9]. In acid waters where pH
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is less than five (pH <5) aluminium occurs as a simple
[A1(H,0)s]’" ion. With an increase in pH of water caused
by, for example, anthropogenic factors, hydrocomplex
ions [A1(H,0)s(OH)]*, [A1(H,0)4(OH),]" appear. Within
the pH range of 4.5 - 5.5 [A1(H,0),]*" ions form numerous
complex combinations with ligands present in water -
organic and inorganic impurities, for example, with
humus acids and fluorides [10-12]. Both combinations
can be subject to polymerization and multimolecu-lar
structures. Within pH ~ 6.0 a slightly soluble A1(OH);
begins to occur, and from pH = 6.2 on there are much
more soluble ionic forms of the type: [A1(H,O),(OH)4T,
[A1(H,0)(OH)s]*. A change in solubility accompanying
changes of chemical forms results in very differentiated
concentrations of aluminium taking on values ranging be-
tween 0.001 and 1.0 mg/dm’® in waters of neutral and
slightly alkaline reactions, and in acid waters even up to
100 mg/dm® [13, 14]. The best conditions of absorbing
aluminium are observed at pH ~4.0 where the
[A1(H,O)¢]*" ion is found. This ion and hydrolytic forms
[A1(OH)]*", [A1(OH),]" are considered toxic [15, 16].
The influence of aluminium upon plants depends on its
concentration in the soil solution and on the efficiency of
the biochemical immunity mechanism of a plant. The
phytotoxic effect of aluminium manifests itself in disturb-
ances of root growth, in the disappearance of capillaries,
in brown growing points of roots, in reduced dry sub-
stance of green tops, in shedding of leaves and in wither-
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Table 1. The present quality standards of waters.

1. | Recommendations for potable water:

— Indices of pollution of inland surface

— Order of Ministry of Health, 2000 0.20 mg/dm?
— value recommended by the EU 0.05 mg/dm*
- maximum value by the EU 0.20 mg/dm®
- standard in Germany, France, Finland 0.20 mg/dm?
- standard in Sweden 0.10 mg/dm?
- WHO 0.20 mg/dm?
2. | Permissible concentration in industrial waste waters entering municipal sewage systems
— Order of the Cabinet, Government Regulations and Laws Gazette, May 19, 1999, Item 501 3.0 mg/dm*

non-standardized

Gazette, 1991; amendments, 1995

3. | Quality classification of plain underground waters for monitoring Government Regulations and Laws

Water class:

Ia 0.10 mg/dm?
Ib 0.20 mg/dm?
II 0.20 mg/dm’
111 0.25 mg/dm?

ing [16, 17, 18]. A degenerated root system is incapable
of sufficient amounts of water and mineral components.

Aluminium often substitutes iron and magnesium in
mammals (people), and its excess results in disturbances
of metabolic processes. This metal also takes the place of
calcium in bones [19]. Besides, aluminium is likely to be
responsible for Alzheimer's disease, disseminated scler-
osis, parkinsonism, epilepsy, some neoplasms, and
Down's syndrome [20-24].

Aluminium in itsionic form is toxic to most organisms
living in water such as seaweeds, crawfish, and fish. At
high concentrations of aluminium gills get clogged with
colloidal forms of hydroxoaluminium comlexes, whereas
at lower concentrations the permeability of epithelium in
fish-gills increases, which results in the loss of osmo-
regulation equilibrium of an organism [25]. More com-
plex forms, polimeric, are not practically absorbend by
living organisms. Therefore, while analysing the abun-
dance of aluminium in surface waters it is very useful to
make a speciation anaysis which makes it possible to
determine simple and polimeric forms, and the content
of toxic forms in particular. Unfortunately, the exsisting
quality standards of waters determine the total value of
aluminium only, but not in all cases (Table 1).

Materials and Methods

The present investigations aimed at making a speci-
ation analysis of aluminium in the water of the River
Silnica with special reference to toxic forms.

The River Silnica is 17 kms long. It begins in the
southeastern part of the Wilkow valley and flows through
the woodland and the town. In view of the fact that there
is neither a separate sewage system of rain water nor
arain water treatment plant, the Silnica is a receiver of
the waters flowing down from the areas of compact
settlement, from streets, market places and different in-
dustrial establishments. All polluted waters are directed
into the river via interceptors and drains. There are 15
interceptors and about 80 drains throughout the river,

including 52 drains within the town. According to the
studies made by the Institute of Geography in the Peda-
gogical University of Kielce, Poland, pollutant loads of
impurities entering the river in this way are considerable
[26] (Table 2).

Table 2. Loads of pollutants in raw rain sawage from the Sinica
besin[26].

Type of pollutants Quantity of impurities

Suspended matter 3 728 284.0 kgfyear

ChZTe, 1 373 722.0 kg Oy/dm*
BZT; 361 364.0 kg Oy/dm?

Considering the strong anthropopression affecting the
waters of the Silnica, it seemed advisable to analyse the
effect of changeable physical and chemical parameters of
its waters on the forms of aluminium occurrence in the
context of their changeable toxicity. Samples of water
under analysis were taken throughout the year at 6 sites
(see map Fig. 1).

Experimental

Samples of water under analysis were taken into poly-
ethylene containers washed with nitric acid (V) and rin-
sed with doubly distilled water. In the samples pH was
determined according to polish standard PN-
74/C-04540/01, suspended matter according to PN-78/C-
04559/02, phosphates (V) to PN-91/C-04537/06, nitrates
(V) to PN-82/C-04576/08. To determine aluminium, the
spectrophotometric method described in PN-92/C-
04605/02 was used; it consisted of the reaction of
aluminium ions and eriochromocyanine R at pH = 6.1
+0.1 with the formation of pink and red complex com-
pound with the maximum of absorption at 535 nm.
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The investigations of aluminium speciation made use
of DriscolPs method [27], whose version without sample
acid pulping promotes direct measurement of two frac-
tions:

- of total monomeric aluminium Alyy,

- of non-labile monomeric aluminium Al,i being de
termined upon a sample passing through a column with
Amberlit.

The difference between Aly, - Aly = Al makes it
possible to measure indirectly the content of monomeric
inorganic aluminium, i.e. the toxic fraction containing
aduminium as an AI*" ion, of simple hydrolytic forms
[AL(OH)]*, [AL(OH),]*, of fluorides, sulphates, etc. [27,
28].

To avoid releasing aluminium from organic com-
pounds during ion exchange, which results in overstating
the results of the fractions, the "monomeric inorganic
aluminium" resin was initialy conditioned with the sol-
ution of NaCl. According to Berggren [29] the condition-
ing of local samples whose changeable content of organic
compounds is expressed by the content of total organic
carbonisjustifiable.

Besides, the selection of Driscoll's method was justifi-
able as it makes analyzing of aluminium easy. The forms
of aluminium separated by this method quickly react with
eriochromocyanine R [27] and can be determined by the
simple spectrophotometric method.

According to Driscoll's [27, 30] procedure and its
modification by Backes and Tipping [31], Amberlite
IR-120 was used as cation exchange resin. The length of
the ion exchange column was 15 cm, bed volume was 10
ml, the flow rate was 4 ml/min. Before ion exchange the
resin was conditioned by NaCl. The volume of 60 ml
1 x 10 m NaCl was used for conditioning purposes.

Reagents of recognized analytical quality and doubly
distilled water were used in the investigations. Standard
solutions of aluminium were prepared with the use of the
standard by MERCK.

Results and Discussion

Table 3 shows exemplary results of analyses made
from samples taken throughout the profile of the river
within asingle day.

Considering the results of the analysis of aluminium
obtained within an annual cycle, it is possibble to say that
the concentration of total monomeric forms (Aly,) as

Table 3. Results of analysisfrom a day's work throughout the
profile of the River Sinica11.01.99 (n=3).

mg/dm’®
Place of sampling (Fig. 1) pH Difference
Allm All'll of Alnm
Dabrowa 6.25 0.12 0.08 0.04
Obwodnica 410 | 040 0.04 0.36
Piaski 7.72 0.04 0.04 0.0
Zalew 7.36 0.08 0.04 0.04
Pakosz 7.79 0.08 0.00 0.08
Uljscie 7.71 0.04 0.04 0.00

well as that of inorganic ones (Aly, - Al,) repeatedly
exceed the admissible values of the summary content of
aluminium for potable water marked as 0.2 mg/dm? in
Poland [32].

The changeability of Al concentrations was observed
down the river (Table 3). There were usually recorded
two maxima related to changes pf pH affecting the con-
centration of soluble forms of aluminium. One of then
was recorded at the point called "Obwodnica" and is con-
nected with the high solubility of aluminium compounds
in acid medium [8, 11]. The other maximum was re-
corded in the final part of the course of the river (the
measuring points "Pakosz", "Ujscie") where the values of
pH within the range of 8.0-9.4 favour the formation of
hydroxycomplexes [8, 9]. The highest values of alumin-
ium concentrations were obtained at the measuring point
"Obwodnica'. Table 4 shows the values of Al;,, Al, and
Al - Al for this point.

Table 4. The highest values of duminium concentrations at the
messuring point "Obwodnica’ in mg/dm?”.

Al Aly Difference
pH (x + SD) (x + SD) of Al
5.02 0.52 + 0.04 0.08 + 0.01 0.44
4.62 0.24 + 0.015 0.0+ 0.01 0.24
3.85 0.28 £ 0.015 0.0 £ 0.01 0.28
5.58 0.08 + 0.01 nd 0.08
4.80 0.40 + 0.05 0.08 + 0.01 0.32
4.10 0.40 £+ 0.05 0.04 + 0.01 0.36
4.64 0.44 + 0.05 0.04 + 0.01 0.40
5.12 048 + 0.04 0.04 + 0.01 0.44
4.55 0.36 + 0.05 0.08 + 0.01 0.28

3.62 (march) 0.60 + 0.03 0.08 + 0.01 0.52
4.85 0.40 £ 0.05 0.04 £ 0.01 0.36
412 0.48 + 0.04 0.12 + 0.01 0.36
4.20 0.32 £ 0.05 0.08 + 0.01 0.24
5.59 0.24 + 0.015 nd 0.24
5.38 0.08 + 0.01 0.04 + 0.01 0.04
6.20 0.12 £ 0.015 0.08 + 0.01 0.04

nd = non detected

It is to be stressed that in most analyses the concentra-
tion value of 0,135 mg/dm3 of the duminium fraction Al -
Al considered toxic for fish [25] was exceeded here.

The data given in Table 4 show that the changeability
of concentrations of individual fractions depends on the
season. The above-mentioned dependence was observed
by Driscoll's[27].

The results of analyses (22 analyses at 6 measuring
points) obtained within a year show the high changeabil-
ity of physical and chemical parameters of the Silnica
observable according to both seasons and water level
(fluctuations of the water level accompanying heavy rain-
falls). pH values of river water samples under analysis are
basically within the wide value range of 4.0-8.5.

The extreme cases were the lower of pH, namely 3.62
(springtime at "Obwodnica"), and the higher ones,
namely 9.4 (June at "Pakosz"). Such annual changeability
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Fig. 1. Map of the River Silnica.
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Fig. 2. Dependences of variables (pH, suspended matter,
¢ cAly/0 cAly/A cAly, on the time) at the measuring point
"Obwodnica" down from the River Silnica.

of pH was observed by Wrobel [3] for measuring points
in the Swietokrzyskie Mountains.

For all the points low values of pH were recorded
after an early spring thaw. These low values of pH are
correlated with an increase in concentrations of "mono-
meric aluminium" (Table 4).

According to Mitrovic's [10] and Martin's [23] investi-
gations, the contribution of the fraction containing sol-
uble inorganic complexes of aluminium which are part of
the "monomeric inorganic aluminium" fraction then in-
creases. The dependence recorded between the "mono-
meric inorganic aluminium" fraction and pH proves
a considerable to Tipping [33], the influence of pH
should change the concentration of the Al fraction [34]
when waters of the high share of inorganic impurities are
involved. These results caused us to investigate the con-
tent of ligands - such inorganic impurities as phosphates
(V) and nitrates (V) (Fig. 3). The annual changeability of
these impurities closely related to the course of the river
as well as to a chosen measuring point shows the an-
thropogenity of the processes taking place in the River
Silnica. This is confirmed by an increase in concentration
of phosphates in summer when in the presence of micro-
organisms the concentration should decrease [31, 33]. An
increase in concentration of the Al,, fraction can be ac-
counted for by an increase in concentration of the ion
PO, NO5

Considerable changes in pH were also observed down
the river. At the first measuring point "Dabrowa" slightly
alkaline values of pH were found, which undoubtedly re-
sulted from woodland run-offs. The area under investiga-
tion (Tables 3 and 4, Fig. 1), which resulted from the
local intense anthropogenic factors (traffic density at in-
tersections of by-pass roads, and industrial waste from
machine-shops). When the river flows through urbanized
areas such as the quarter called "Pakosz" (with its leaky
septic tanks and illicit sewage disposal), the reaction of
water alkalizes even above 9.0. A similar annual changea-
bility was observed in suspended matter. The highest
contents of suspension treated as a measure of the con-
tent of the insoluble fraction of humus acids are shown in
Figure 2.
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Fig. 3. Dependence of phosphates on the season at measuring
point "Pakosz" down the River Silnica.
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Summary

The present dependences between chemical forms of
aluminium and physical and chemical parameters of
water show a high variety of forms of aluminium occur-
rence. The concentration of the Al fraction considered
toxic was found to depend on pH, concentration of sus-
pensions, phosphates and nitrates, which confirms the
necessity of making a speciation analysis of aluminium in
surface waters.
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