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Abstract. The results of sorption efficiency of filter material which was
obtained on the base of river sand and modified by aluminium
oxyhydroxide with the sol-gel process are presented. All components were
tested as sorbents, and their properties were compared. New filter material
was found effective in the process of water treatment from bacterial
contamination.

1 Introduction

Microbiological contaminant is a special challenge among the various pollutants that are
in the hydrosphere. Different microorganisms can cause a lot of negative consequences
both in industrial and home use, and it take a lot of effort to treat consequences of that
including health loss, necessity of antibacterial drugs development, etc [1-4]. Obviously, it
is an important task to eliminate bacteria from water. Various water treatment methods,
including chemical treatment (chlorination, ozonation), membrane cleaning, UV
sterilization, modified filter materials are used to prevent the negative effects associated
with the use of contaminated water [5]. In recent years, a lot of attention is paid to
development and spread of modified sorptive filter materials in combination with silver and
aluminum nanoparticles, which have several advantages over other methods of treatment
[6-10]. Therefore, the creation of new modified materials with improved sorption, filtration
properties, and low cost, has relevance.

The aim of this work is to study some physical and chemical properties of the samples
of the combined filter material and its components (in the form of aluminum oxyhydroxide
and sand), as well as to determine the extraction degree of the bacteria Escherichia Coli
(E.coli) from the model contaminated solution by the test samples of the modified
materials.

2 Materials and methods
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The objects of the present study were the sand from the Ob river (Kireevsk, Tomsk region)
with the particle size of 0.1-0.7 mm, aluminum oxyhydroxide (AIO(OH)) synthesized from
aluminum food grade AK?7 (the particle size is less than 0.1 mm) and the modified filter
material from the specially treated river sand and aluminum oxyhydroxide.

Surface morphology of all the samples of aluminum oxyhydroxide and river sand was
studied with the transmission electron microscopy (the transmission electron microscope
JEM-2100F (JEOL, Japan) with the system of sample preparation EM-09100IS “Ion
Slicer”.

The specific surface area (Sy,) and pore volume (Py,) in all the studied samples were
determined using the analyzer "SORBTOMETR M" with the method of thermal desorption
of nitrogen (BET).

The bacteria Escherichia Coli (strain Escherichia coli ATCC25922) were used as the
contaminating microbial agent for the experiment. The bacteria E.coli were filtered under
dynamic conditions using the peristaltic pump for water suspension. A suspension of
bacteria passed through a tube filled with the test sample of the material. The following
samples were prepared for the filtration test: the river sand, aluminum oxyhydroxide, and
three samples of the combined sorbent with different contents of the active ingredient, were
obtained by mixing. All the test materials were placed in the glass tubes (length - 150 mm,
internal diameter - 8 mm) to determine the filtration capacity. The weight and composition
of the materials in the tubes were: sand - 10.3 g; aluminum oxyhydroxide - 7 g; sorbent # 1
(sand 90%/10% aluminum oxo-hydroxide - 9.94 g); sorbent # 2 (sand 80%/20% aluminum
oxo-hydroxide - 9.64 g); sorbent # 3 (sand 70%/30% aluminum oxo-hydroxide - 9.3 g). The
test bacterial suspension was prepared in tap water, it was settling for 1 day. Then, the
water was added to the 24-hour culture of Escherichia Coli in the meat-peptone broth. The
final concentration of the bacterial suspension was 2.3x10” CFU/cm’. The total number of
microorganisms (TMC) in the sample bacterial suspension was determined according to the
Methodological Instructive Regulations MUK 4.2.1018-01. After filtering, the samples of
the suspension were placed in the petri dishes. The results were analyzed in 24 hours by
counting the number of colonies expressed in the colony forming units (CFU) per 1 cm® of
the sample.

3 Results

Figure 1 shows the agglomeration of the aluminum oxyhydroxide nanoparticles (19000x).
The size of the separate nanoparticle is about 50-200 nm in length and 2 nm in diameter.
Figure 2 shows the particle of the river sand with a magnification of 5000 times.

Fig. 1. Agglomeration of the aluminum oxyhydroxide nanoparticles (19000x%).
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Fig. 2. River sand particle with the transmission electron microscopy (5000x).

As shown, the sand particle surface is very smooth opposite to the aluminum nanoparticles
with the clearly visible needles on the surface. According to this image, the low specific
surface value and possible absent or very low porosity of the sand material and,
consequently, low adsorbent properties were predicted. It was completely proved by the
method of thermal desorption of nitrogen (Table 1). Presumably, sand could be used as
very cheap and available mineral base for modified adsorbent production. Table 1
summarizes the specific surface area and pore volume of all the tested material samples.

Table 1. The specific surface area and pore volume of the initial and combined materials

Sample Seps m*/g P, cm’/g
River sand 0.444 0
Aluminum 192.5 0.083

oxyhydroxide
Sorbent # 1 20.37 0.009
Sorbent # 2 40.41 0.017
Sorbent # 3 62.8 0.025

The results revealed the smallest value of the specific surface and absence of pores in
the river sand samples. Aluminum oxyhydroxide has the highest values of all the studied
parameters. The values of the specific surface and porosity of the modified sorbents
increase with a rise in the active component of the sample.

Figure 3 shows the sorption properties of the material samples for extraction of the
Escherichia Coli culture from the model solution under dynamic conditions.
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Figure 3. The degree of bacteria elimination vs. different filtration volumes.

The data showed (Figure 3) that the river sand does not remove notable number of
microorganisms from the aqueous suspension but has a low flow resistance, therefore, the
process has high performance (250 cm®/h). The lowest effectiveness revealed in this test
makes the non-modified sand inappropriate for microbiological filtration.

Opposite to the sand, aluminum oxyhydroxide completely removed bacteria Escherichia
Coli via the filtration process. However, a very high flow resistance of the material was
determined, so the filtration performance was 5 cm’/h.

Among the combined sorbents, the best filtering properties showed the sorbent #3, the
worst one was the sorbent #1. Filtration performance of the sorbents was as follows: the
sorbent #1 - 223 cm3/h; the sorbent #2 - 197 cm3/h; the sorbent #3 - 152 cm’/h. So, the flow
resistance of the material decreased with fall in aluminum in the sorbent.

4 Conclusion

The surface morphology of the river sand and aluminum oxyhydroxide nanofibers was
investigated, the sizes of aluminum oxyhydroxide nanofibers were determined - length of
50-200 nm; width of 2 nm. It was found that the bicomponent composite sorbents exhibit
good extraction rate of the bacteria Escherichia Coli from the test suspension at a high flow
rate. Increased quantities of the active component in the samples of the combined sorbent
lead to the improved filtration properties of the material. The river sand was shown as an
ineffective agent for microbiological water treatment. In turn, the aluminum oxyhydroxide
completely removes the bacteria from the contaminated water but has very low
hydrodynamic properties.

Thus, a prospective way of production and effective use of the combined sorbent based
on the river sand mixed with aluminum oxyhydroxide to extract the microbiological
contaminants from aqueous media was shown.
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