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Hocnioxncerno npouecu copouii pocpamis na
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Hccaedosanvt npoueccot copouuu ocga-
moe Ha CAAGOOCHOBHOM U CUNLHOOCHOBHOM
anuonumax. Ycmawosneno enusHue Qopmot
anuonuma AB-17-8 na ezo emxocmv no ¢oc-
damam 6 modenvrvix pacmeopax u 6 60donpo-
60010l 600e. H3yueno enusnue cyrvgpamos
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1. Introduction

Phosphorus belongs to the biogenic elements and is
essential for the growth of organisms. This is a nutrient
resource that determines the productivity of autotrophs of
various environmental systems and primary productivity of
water reservoirs. It is known that compounds of carbon, ox-
ygen, or nitrogen can penetrate soils or water from the atmo-
sphere. In contrast, the phosphorus compounds are regularly
taken away from soil and water areas into the oceans and
are returned to the land ecosystems in very limited volumes
along with organic matter or detritus.

Despite the fact that phosphorus compounds play a deci-
sive role in the processes of photosynthesis and life of living
organisms, their excess in the aquatic environment under
certain temperatures leads to eutrophication. Eutrophica-
tion is a complex process in fresh and marine waters where
rapid development of certain types of microalgae upsets the
balance of aquatic ecosystems. The primary cause of eutro-
phication is the excessive concentration of nutrients in water,
among which the phosphates occupy an important place.

The inflow of biogenic elements occurs through indus-
trial enterprises, wastewater from agricultural land, animal
farms, household wastewater and natural factors. The main
sources of inflow of phosphorus to the water areas of the
European Union are fertilizers — 16 %, industry — 7 %, back-
ground sources — 9 %, human and domestic waste — 24 %,
detergents — 10 %, wastewater — 34 % [1-3].
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Given the above, it can be concluded that the main source
of contamination of water reservoirs with the compounds of
phosphorus is agricultural and domestic wastewater. That is
why it is a relevant issue to purify the wastewater from phos-
phates, as well as solving the problem on selecting the best
method of purification. This method should provide effective
and low-waste removal of phosphate-ions from water.

2. Literature review and problem statement

Technologies of water purification from biogenic ele-
ments most commonly employ a biological method [1, 4]. The
shortcoming of this method is the complexity and duration
of obtaining the required biomass in order to decompose the
phosphorus compounds. In addition, in some cases it is inap-
propriate to apply this method of purification because of low
effectiveness of water dephosphating.

Reagent methods are most commonly used in order to
additionally clean water from phosphates [5]. The advantage
of the method is the removal of phosphates in the form of
low-soluble compounds of iron, aluminum and other salts,
which makes it possible to avoid the formation of signifi-
cant amounts of liquid waste. However, the separation of
the given sediments complicates, in turn, the technology of
post-purification of water, thus increasing its cost.

A number of articles have been recently published about
the removal of phosphates using the inverse osmotic filters [6].




Paper [7] noted that the low-pressure inverse osmotic filters
are effective when the starting concentrations of phosphates
do not exceed 350 mg/dm® The main shortcoming of this
method is the use of expensive semipermeable membranes. It
is demonstrated in article [8] that insufficiently effective me-
chanical cleaning of water prior to the baromembrane processes
reduces the performance of membranes and negatively affects
their selectivity. This requires highly-efficient pre-treatment
of water in order to prevent the formation of sediments on the
membranes. In addition, another drawback of the inverse osmo-
sis is the formation of concentrates, which are quite difficult to
recycle. Paper [9] proposed removing the phosphate-ions from
concentrates in the form of insoluble sludge. However, there re-
mains the solution containing ammonium, chlorides and other
ions, complicating its treatment before discharge into sewers.

The most promising is to explore removing the phosphates
by the method of ion exchange, which will make it possible to
remove the required ions from water. In the future, it is possible
to obtain liquid fertilizers or other useful products from the
regeneration solutions [10]. This will allow the reuse of cleaned
eluates, which will make the purification process more efficient
and will reduce costs.

3. The aim and tasks of research

The aim of present work was to determine the effective-
ness of anionites when removing phosphates from water and
to devise waste-free processes for their regeneration with
the removal of phosphates in the form of mineral fertilizer at
repeated use of the regeneration solutions.

To accomplish the set aim, the following tasks were to
be solved:

— to examine the processes of phosphate sorption from
their model solutions and solutions in tap water on strong-
base and weak-base anionites in the salt and the basic form;

— to explore the processes of anionite regeneration by the
salt solutions of sodium chloride and ammonium chloride;

—to determine conditions for the removal of phosphates
from the regeneration solutions, in order to enable their reuse.

4. Materials and methods for examining the removal of
phosphates from water by the method of ion exchange

4. 1. Materials and equipment used in the experiment

In present work, we used the strong-base anionite
AV-17-8 and the weak-base anionite Dowex Marathon WBA
(Fig. 1) as the ion-exchanging materials. We employed the
distilled water and tap water in the city of Kyiv, Ukraine.
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Fig. 1. Anionites used in the present work: a — weak-base
Dowex Marathon WBA; b — strong-base AV-17-8
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Experimental research into removal of phosphates was
carried out using the ionic exchange and the reagent method.

4. 2. Technique of conducting the experiment on the
removal of phosphates from water on different anionites

We carried out the processes of phosphate sorption on
the ion-exchanging materials under dynamic conditions.
The ionite of volume 20 cm? was put in a column of diameter
19 mm. The solution was filtered through the ionite at the
flow rate of 10—15 ¢cm®/min., separating the samples of vol-
ume 0.1-1.0 dm?®. The samples were analyzed for the content
of phosphates, chlorides, sulfates; we determined their pH
and residual alkalinity by known methods [11].

The concentration of phosphates was defined by a spec-
trophotometric method using tin chloride. The method is
based on the hydrolysis of polyphosphates that transfer into
orthophosphates, with the formation of a phosphorus-mo-
lybdenum complex. The complex of blue color is analyzed at
wavelength 690—720 nm.

The sulphates were determined by the method of titra-
tion with the barium chloride solution. We added ethyl alco-
hol to the sample, 2 drops of the 0.2 % nitchromazo solution,
and then titrated it with the 0.02 H barium chloride solution
until changing the color of the solution from purple to blue.

pH index was defined by the method of potentiometry.
The method is based on measuring the difference in poten-
tials, which arise between the surface of the pH-selective
membrane of a glass electrode, by a standard solution of acid
inside the electrode and by the examined solution.

In order to determine the alkalinity, we added 3—4 drops
of methyl orange to the sample and titrated with the 0.1 M
solution of HCI until the coloration changed from yellow to
orange (pH=4).

Determining the hardness was performed by the titra-
tion method. For this purpose, we added 5 cm?® of buffered
solution to the sample, 5-7 drops of the indicator erio-
chrome black, and titrated with the 0.05 H trilon B solution
until a change in the coloration from violet to blue in the
equivalent point.

The regeneration of anionites was carried out by the
solutions of ammonium chloride and sodium chloride of
concentration 10 and 15 %. The anionite AB-17-8 was trans-
ferred to the basic form by the 4 % solution of alkali. At the
regeneration of anionite, the volume of samples was 20 cm?,
the flow rate reached 1-3 ¢cm®/min. Regeneration solutions
were analyzed for the content of phosphates, chlorides and
sulphates. The degree of regeneration was calculated as the
ratio of total mass of desorbed phosphates or sulphates to the
sorbed mass of the corresponding anion.

In order to remove phosphates from the used regenera-
tion solutions based on ammonium chloride, they were treat-
ed with the calculated amount of magnesium chloride. The
sediment of phosphate ammonium magnesium was removed
on the filter “blue ribbon”. The filtrate was analyzed for the
content of phosphates and magnesium ions.

5. Results of research into removal of
phosphates on anionites

Results of the sorption of phosphate anions are shown in
Fig. 2. The figure demonstrates that the strong-base anion-
ite AB-17-8 quite effectively sorbs phosphate anions when
used both in the salt and in the basic form. In this case, we
observed a certain growth in the full dynamic exchange ca-
pacity (FDEC) of anionite by phosphates when used in the
basic form, compared with the CI'-form.
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Fig. 2. Dependence of the starting concentration of

phosphates (1; 2), chlorides (3), pH-medium (4; 5) on

the volume of passed solution of sodium phosphate

(C(PO})=92 mg/dm? (1; 3; 4), 97 mg/dm? (2; 5);
Alky=1.5 mg-equiv/dm?; pH=8,00) through the anionite

AV-17-8 (V=20 cm®) in the CI (1; 3; 4) and OH- (2; 5) form.
(DEC,,,,=290 mg-equiv/dm?’, FDEC,=1888 mg-equiv/dm?;
DEC,_..=995 mg-equiv/dm?, FDEC,=1950 mg-equiv/dm°)
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Especially significant here is the growth of dynamic
exchange capacity of anionite by phosphates until the
breakthrough. For the anionite in the Cl-form from
290 mg-equiv/dm?® to 995 mg-equiv/dm?® for the ionite in
the OH-form. This is due to the alkalization of medium
when applying the ionite in the OH -form. This leads to the
increase in pH of the medium to 9.38—10.63 (Fig. 2, curve 5),
which in turn provides a more complete dissociation of
phosphates in water. In addition, during the desorption of
chlorides from anionite in the Cl-form, the concentration of
chlorides reaches 70100 mg/dm?, which is why they may
create a certain competition to the phosphate-ions. Selectiv-
ity of the anionite AV-17-8 by hydroxide-anions is lower than
that by chlorides, which also contributes to increasing the
capacity of anionite in the OH -form by phosphates.

Less effective proved to be the use of the weak-base
anionite Dowex Marathon WBA while purifying water
from phosphates. Fig. 3 shows that we observed the break-
through of phosphates already in the first samples of the
separated solution. The full dynamic exchange capacity
of anionite amounted to 641.5 mg-equiv/dm? only. This
is due primarily to a decrease in the sorption properties
of ionite in a weakly alkaline environment to a decrease
in the degree of dissociation of phosphates in the neutral
and weakly acid medium. When using this anionite in
the basic form, its capacity by phosphates was even low-
er. Therefore, further research was carried out using the
strong-base anionite AV-17-8.

The data shown in Fig. 2 refer to the solution of phos-
phates in distilled water, where there are no competing ions.
Chlorides and sulphates are as a rule always present in nat-
ural and wastewaters. That is why we determined the effi-
ciency of sorption of phosphates on the strong-base anionite
AV-17-8 in the CI'- and OH -form.

Fig. 4 shows that the capacity of anionite by phosphates
in this case is significantly lower compared with the distilled
water. For the anionite in the chloride form, the full dynamic
exchange capacity (FDEC) amounted to 1480 mg-equiv/dm?,
while the dynamic exchange capacity before the breakthrough
(DEC,,,) reached 689 mg-equiv/dm® only.

Such a decrease is due primarily to the presence of sul-
phates in the solution. This anionite obviously has a higher
selectivity by sulphate-anions, which are the anions of a
strong acid. Phosphoric acid is the acid of medium strength,
which is why the charge of phosphate-anions depends on the

pH of the medium. At pH exceeding 7.2, a phosphate group
is mostly in the basic state of a two-charge cation, of the
HO-P(0)(0O), type. However, the degree of dissociation of
the given anions is lower compared to sulphates, which is
why the selectivity of ionite by sulphates is larger.

Fig. 4 shows that sulphate-ions are completely removed
from water regardless of the form of ionite and regardless of
the volume of the passed water. In this case, dynamic exchange
capacity by sulphates reached 646 and 713 mg-equiv/dm?. This
is caused by the low concentration of sulphates in water. At
higher concentrations of sulphates in water, FDEC of anionite
by sulphates amounts to 1590 mg-equiv/dm?, while DEC,, =
=1330 mg-equiv/dm? [11].
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Fig. 3. Dependence of the starting concentration of
phosphates (1), chlorides (2) and pH of the medium (3) on
the volume of the solution of sodium phosphate
(C (PO}")=90 mg-equiv/dm?) passed through
the weak-base anionite Dowex Marathon WBA in
the chloride form (V=20 cm?®). (FDEC,=641.5 mg-equiv/dm?)
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Fig. 4. Dependence of the concentration of phosphates (1; 2),
sulphates (3; 4), chlorides (5; 6), pH of the medium (7; 8)
on the volume of tap water (Hardness=3.1 mg-equiv/dm?,
Alky=4.9 mg-equiv/dm? C(PO?"), mg/dm?* 105 (1; 3; 5; 7),
83 (2; 4; 6; 8); C(CI), mg/dm3 12.07 (1; 3; 5; 7),

28.4 (2; 4; 6; 8); C(SO27), mg/dm* 36.7 (1; 3; 5; 7),

57 (2; 4; 6; 8)) passed through the anionite AV-17-8 in
the CI (1; 3; 5; 7) and OH- (2; 4; 6; 8) form (V=20 cm?)
(FDEC,=1480 mg-equiv/dm*; DEC, =689 mg-equiv/dm?;
FDEC,=930 mg-equiv/dm’ DEC, =262 mg-equiv/dm?
DEC =713 mg-equiv/dm?®)
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In this case, reducing the capacity by phosphates on
anionite in the basic form is predetermined not by the form
of ionite but the higher concentration of sulphates in water.
Increasing the pH to 9.5-10.0 when using anionite in the
basic form is not sufficient for complete dissociation of phos-
phate-anion with the formation of a three-charge anionite of
the (O)P(O"),. This anion is formed at pH >11.9. Thus, the
capacity of anionite by phosphates was defined mostly by the
concentration of competing sulphate-anions.

Fig. 5 shows that the degree of removal of phosphates on
anionite in the OH -form from the distilled water was at the
level of 99-100 % when purifying 8 dm® of water on 20 cm?
of ionite; while the degree of removal from the tap water con-



taining sulphates at concentration 570 mg/dm?® amounted to
98 % when cleaning only 2 dm? of water.
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Fig. 5. Dependence of the degree of removal of
phosphates on the anionite AV-17-8 (V=20 cm;) in
the OH" (1; 2) and CI (3 and 4) form from the model
solutions (C(PO;7), mg/dm?® 97 (1), 92 (3)) and tap
water (C(PO;}7), mg/dm® 83 (2), 105 (4)) on the volume of
the filtered solution

The same results were obtained when using the anionite
in the chloride form. In this case, the degree of removal of
phosphates amounted to 99-100 % when purifying 6 dm?
of the phosphate solution in distilled water. When cleaning
4 dm?® of the phosphate solution in tap water, the degree of
removal reached 99 %. The content of sulphates in tap water
amounted to 36.7 mg/dm?®. In another case, results of clean-
ing the tap water from phosphates are higher than the previ-
ous ones mainly due to the lower concentration of sulphates.

In general, no results of the ion-exchange water purifica-
tion can be considered positive without solving the problems
on the regeneration of anionites and recycling of the used
regeneration solutions.

Fig. 6 shows that the desorption of phosphates from the
anionite AV-17-8 occurs quite effectively when using the
solutions of sodium chloride and ammonium chloride at
concentration 10 and 15 %. It is worth noting that the given
solution provides as well effective regeneration of anionite in
a mixed sulphate-phosphate form (Fig. 7). The full desorp-
tion of phosphates was achieved at q,=6 cm?®/cm?, and the
degree of desorption of sulphates at the same consumption
of the solution amounted to 82 %. The degree of desorption
of 95 % was achieved at specific consumption of the regener-
ation solution of 10 cm?®/cm?,
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Fig. 6. Dependence of the starting concentration of
phosphates (1; 2; 3) and the degree of their desorption
(4; 5; 6) on the volume of the passed solution of sodium

chloride at concentration 10 % (1; 4) and 15 % (2; 5), and
the ammonium chloride solution at 10 % concentration (3; 6)
through the anionite AV-17-8 in the PO} -form (V=20 cm®)

Application of ammonium chloride for the regeneration
of anionite, which is in the phosphate form, has a significant
advantage. The regeneration solution that was formed has to

be brought to pH=9. Subsequent addition to this solution of
magnesium chloride in stoichiometric amount (Table 1) may
contribute to achieving almost complete removal of phos-
phate from the solution.

600 r 120
— 1 1 3
5 : 100
SE 500 q
%, - 80
FE 400 N
578 300 A 4 60 70
g, & 200 2 r 40
100 1 k20
0 ey 0
0 20 40 60 80 100 120 140 160 180 200

V, cm?

Fig. 7. Dependence of the starting concentration of
phosphates (1) and sulphates (2), the degree of
desorption of phosphates (3) and sulphates (4) on
the volume of the 10 % ammonium chloride solution,
passed through the anionite AV-17-8 in the PO}~ and
SO?% form (V=20 cm®) (M, (POZ")=31.09 mg-equiv/dm?,
M (SO¥)=12.92 mg-equiv/dm°)

Table 1

Dependence of the residual concentration of phosphates,
magnesium and pH of the medium on the consumption of
magnesium chloride when treating the ammonium phosphate
solution (C(PO3")=0.1053 mol /dm®) that contains 80 g/dm?
of ammonium chloride at initial pH 8.0(l) and 9.0 (II)

5., | Consumption 3 Mg*, mg-
No. [POZA]’ of Mg?* C(PO; 2’ equiv/dm? pH
of | [Mg*], S| mg/dm 3
mg-equiv/dm cm
entry | mol/mol 5
cm’ 1 11 1 11 I |1
1 1:1.00 210.6 3550(0.92|74.21 | 0.15 |5.10|8.69
2 1:1.05 221.3 3520(0.77| 83.45 | 1.45 |5.09|8.66
3 1:1.07 225.3 3300 [{0.56 | 83.95 | 8.36 |5.09|8.67
4 1:1.10 231.66 3200 (0.47| 87.81 | 15.45|5.08|8.65
5 1:1.15 242.2 3180 [0.57 | 96.52 [24.32]5.05|8.66
6 1:1.20 252.7 353310.54|110.72|31.44|5.05|8.65

In this case, phosphates are removed from the regenera-
tion solution in the form of phosphate magnesium ammoni-
um (struvite) (MgNH,PO,), insoluble in water. The solution
cleared of phosphates may subsequently be reused in the
process of anionite regeneration.

6. Discussion of results of the ion-exchange purification
of water from phosphates

The results presented indicate that at low concentrations
of sulphates in water the strong-base anionite is fully appli-
cable for the removal of phosphates from water. It should
be emphasized that in the wastewater at the Bortnitska
aeration station in 2015 the average concentration of sul-
phates reached 53.4 mg/dm?, which is quite acceptable for
their ion-exchange removal from water. Thus, Fig. 3 shows
that at concentration of sulphates 57 mg/dm? FDEC by
phosphates in the tap water amounted to 930 mg-equiv/dm?
while DEC,,, — 261 mg-equiv/dm?® On the other hand, if one
takes into account that TLV of phosphates to be discharged
to the river Dnipro, after water purification at the Bortnits-
ka aeration station is 7.5 mg/dm?, and in drinking water is



3 mg/dm?, then the dynamic exchange capacity at the break-
through limit of 7.5 mg/dm? will reach 871 mg-equiv/dm?,
and at 3 mg/dm? —only 600 mg-equiv/dm?.

At low concentrations of sulphates in water, it is a simple
task to create a low-waste technology of removing the phos-
phates from water. In the given case, when using the strong-
base anionite in the chloride form, it is possible to effectively
purify water from phosphates at lowering their concentra-
tions to 0.1-3.0 or 0.1-7.5 mg/dm?®. This will make it possible
to easily remove from water a large amount of valuable com-
ponent. Thus, at concentration of phosphates ~60 mg/dm?
(60 g/m?), while discharging the wastewater at the Bort-
nitska aeration station with flow rate ~800000 m®/per day,
it will be possible to remove ~42 tonnes of phosphates on a
daily basis. This is an important indicator under conditions
of scarcity and high prices for the phosphate fertilizers. An-
ionite in the phosphate form is rather easily regenerated by
the ammonium chloride solution, from which phosphates are
deposited almost quantitatively when adding magnesium
chloride in the form of struvite (MgNH,PO,) (reaction 1)

(NH,),PO, +MgCl, - MgNH, PO, | +2NH,CL. )

In this case, in order to bring pH to 9, we used a solution
of ammonia (Table 1). The deposition of struvite took place
at molar ratio (NH,),PO,and MgCl, 1:1 almost completely
without a significant amount of magnesium left in the solu-
tion. That is why such solution is expedient to use for repeat-
ed regeneration of anionite in the phosphate form.

It should be emphasized that the ion exchange in this
case has a number of benefits compared to the reverse os-
mosis when cleaning the water from phosphates. It does
not require high quality of water pre-treatment, less ener-
gy-intensive, while the ion exchange units are significantly
cheaper than those employing the reverse osmosis and there
are no problems in recycling the concentrates.

The problem is complicated in the case when sulphates
exist in water. At high concentrations of sulphates, water
purification from phosphates is advisable only in the context
of complete demineralization of water. At relatively low
concentrations — 15-50 mg/dm?, for example, in the rivers
Dnipro or Desna, the application of the ion exchange method
is fully acceptable. However, the regeneration of anionite
is expedient to perform by the solution of sodium chloride,
which, as shown in Fig. 5, also provides effective desorption
of phosphates. When treating the sodium chloride solution

that contains phosphates with ammonium chloride and
magnesium chloride, when bringing the pH with alkali to 9,
it is possible to easily remove struvite out of it (reaction 2).

Na,PO, + NH,Cl+MgCl, - MgNH,PO, | +3NaCl. (2)

However, this solution, in addition to phosphates, will
contain sulphates, which are also well desorbed from the
anionite AV-17-8 [11].

According to data of the same authors, the restoration of
regeneration solution containing sulphates occurred during
its treatment with calcium chloride with the sedimentation
of gypsum, applicable for processing to be used as building
materials. It is better to remove the residue of calcium at
treating the solution with soda with the sedimentation of
calcium carbonate. Upon clarification by settling and filter-
ing, the solution is suitable for reuse in the regeneration of
the anionite AV-17-8 in the sulphate-phosphate form.

7. Conclusions

1. We examined the processes of sorption of phosphates
on the weak-base and strong-base anionites. It is shown that
the exchange capacity of the anionite Dowex Marathon
WBA on phosphates is low and its use for the removal of
phosphates is not advisable. The strong-base anionite in
the chloride and the basic form provided effective removal
of phosphates from the model solutions. The full dynamic
exchange capacity of anionite by phosphates grew from
1888 mg-equiv/dm?® to 1950 mg-equiv/dm? in the transition
from the salt to the basic form. It was found that in the tap
water, capacity of the anionite AV-17-8 by phosphates practi-
cally does not depend on the form of ionite and significantly
depends on the concentration of sulphates.

2. We studied the processes of regeneration of the anion-
ite AV-17-8 in the phosphate and phosphate-sulphate form.
It is demonstrated that the full desorption of phosphates
at high degrees of desorption of sulphates can be achieved
when using the solutions of sodium chloride or ammonium
chloride at concentration 10—15 %.

3.1t is shown that phosphates are effectively removed
from the solution of ammonium chloride when treating it at
pH>9 with a stoichiometric amount of magnesium chloride.
The regeneration solution, restored in this way, is applicable
for reuse.
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u 0

Pozenanymo numanns ouinxu gaxmopis,
WO 6nAUBAIOMb HA 3A0PYOHEHHS NOBEPXHEBUX
i IPYHMOBUX 600 NPOMUCTOBUX MEPUMOPTIL.
IIpoananizosano nezamuenuili 6niue Haxonu-
uYeaui6 NPOMUCTIOBUX CMIMHUX 600 i WAAMIG
Ha cman 600Hoz0 Gaceiiny. Busnaueno 06'exmu
ma cyo'ekmu enaugy, Hasedeni MexHonN02iuHi
CcxXeMU OMUWeHHs. CMOKI6 i oxapaxmepuzoea-
Hi 6UOU WKOOU HABKOJIUWHLOMY NPUPOOHOMY
cepedosuuty 3 60KY HAKONUUYBAYIE NPOMUCTO-
8ux cmiunux 600

Kntouoei cnosa: 3axucm 6o0nozo baceiiny,
OUUWEHHS CIMIMHUX 600, 8AJCKI Memanu, Yymu-
JU3auiss waamie

= yu

Paccmompenvt 6onpocot ouenxu paxmo-
P08, 8UAIOUWUX HA 3AePAIHEHUE NOGEPXHOCM -
HbIX U 2DYHMOBLIX 600 NPOMBIULIIEHHBIX MEPPU-
mopuii. IIpoananusupogarno ompuyamenvroe
6030eticmeue naxonumeeu NPoOMoIUIEHHLIX
CMOUHBIX 800 U WAAMOB HA COCMOAHUE 800HO-
20 Oaccetina. Onpedenenvt oboexmot u Cyoo-
exmol GAUAHUS, NPUBEIeHbl MeXHOT0ZUMECKUEe
CXeMbl OMUCMKU CMOKO8 U 0XAPAKMEPU306a-
HbL 6udbl yuepba oxpyxicarouel. npupooHou
cpede co cmoponst Haxonumenel NPOMbLULIEH -
HbIX CMOUHBLX 600

Kmouesvie crosa: 3auguma 00nozo bacceii-
Ha, 0uUCMKA CMOUHBIX 600, MAJCETble MEMATl-
Jibl, YMUTUSAUUS WTAMOG

u] =,

1. Introduction

The level of water pollution of such rivers as the Rhine,
Danube, Elbe, gave the reason, in the twentieth century, to
call them “gutters of Europe”. On 17 March, 1992, under
the aegis of the United Nations Economic Commission
for Europe, in Helsinki (Finland), the “Convention on the
Protection and Use of Transboundary Watercourses and
International Lakes” (“Water Convention”) was adopted.

This Convention serves as a mechanism for strengthen-
ing national measures and international cooperation aimed
at achieving environmentally sound management and pro-
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tection of transboundary surface and ground waters. It
includes legislative norms for punishing and encouraging
enterprises, which discharge industrial waste water (IW W)
and sludge into rivers.

Industrialists have been interested in the fulfillment of
the commission’s instructions. For this purpose, new tech-
nologies were developed to reduce volumes of industrial
waste water, flows of toxic filtrates from ponds of industrial
waste water and sludge into the water basin.

A sufficiently effective way to prevent infiltration of in-
dustrial waste water is to arrange protective anti-filtration
screens from polymer films (Fig. 1).




