“

JOURNAL OF ENVIRONMENTAL ENGINEERING
AND LANDSCAPE MANAGEMENT

2008
16(1), 38—44

REMOVAL OF NITRATES AND AMMONIUM IONS FROM WATER
USING NATURAL SORBENT ZEOLITE (CLINOPTILOLITE)

Ausra Mazeikiené', Marina Valentukevi¢iené, Mindaugas Rimeika,
Algirdas Bronislovas Matuzevi¢ius, Regimantas Dauknys

Dept of Water Management, Vilnius Gediminas Technical University,
Saulétekio al. 11, LT-10223 Vilnius, Lithuania
E-mail: 'Ausra. Mazeikiene@ap.vgtu.It

Submitted 12 Jan. 2007; accepted 29 March 2007

Abstract. Experimental investigation of nitrogen compound (nitrates and ammonium ions) removal from water using
natural zeolite was carried out in the laboratory of Water Management Department in VGTU. Shallow-well water samples
were taken from a few place situated in Vilnius city and Vilnius district, nitrate concentration was enhanced adding
Na NO; into the samples. Nitrate removal from water solutions was carried out under static conditions: solutions with ni-
trate concentration of 74-288 mg/l were mixed during one hour with 5 g of 0.315 mm particle-sized zeolite in an auto-
matic mixer when mixing intensity was 100 min.”™'; after 30 min. sedimentation nitrate concentration was measured in all
the samples. Ammonium ion removal from water solutions (made of shallow-well and tap water with NH,4CI) was carried
out under static and dynamic conditions (water solutions with 1015 mg/l of ammonium ion concentration were filtered
through 0.315-0.63 mm particle-sized filter medium).

Experimental results show that shallow-well water (with nitrate concentration of 74-288 mg/l), after one-hour mixing
with 5 g of 0.315 mm particle-sized zeolite and after 30 min. sedimentation, nitrate concentration stayed the same without
any reduction. The same shallow-well water (with 1-10 mg/l ammonium ion concentration) mixed with 5 g of 0.315—
0.63 mm particle-sized zeolite showed ammonium ion removal efficiency of 72-86 %. For ammonium ion removal from
tap water and NH,4Cl solution (primary concentration was 15 mg/l) under dynamic conditions, filtering through 400 mm
high, 0.315-0.63 mm particle-sized zeolite filter medium, when filtration rate was 5 mg/l, NH," removal efficiency was
95-99.9 %. Ammonium ion removal from shallow-well water and NH,Cl solution (primary concentration was 10 mg/l)
under dynamic conditions, filtered through 95 mm high, 0.315-0.63 mm particle-sized zeolite filter medium, when filtra-
tion rate was 3 mg/l, NH," removal in filtered water samples decreased with exponential dependency. The obtained results
show that zeolite particles are not suitable for nitrate sorption from water solutions, but 0.315-0.63 mm particle-sized zeo-
lite can be a very useful sorbent for NH," removal from water because of the above mentioned reasons, therefore, further

investigations are needed in this area.
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1. Introduction

Nowadays approximately one third of Lithuania’s popu-
lation (usually in rural areas) uses water sources from
shallow wells where the water quality has become a cru-
cial issue. Shallow excavated well water form shallow
groundwater horizons and are less protected from surface
pollution. This work shows the pollution of shallow-well
water according to nitrates and organic matter, and to a
lesser degree other substances (Rutkoviené et al. 2001,
ASkinis, Strusevi¢ius 1997; Klimas 2005; Juodkazis,
Kucingis 1999). The Public Health Center data show that
during 1986—1989 more than 40 % of analysed shallow
wells were polluted by nitrates and microorganisms. Dur-
ing 1991-1996 LR Health Protection Ministry Survey
provided research data show that near 50 % of samples
are inadequate to requirements. Following existing data
approximately half million of people in Lithuania use
water with inadequate hygiene norm requirement quality

(HN 24:2003). In some regions of Lithuania this is espe-
cially in moraine loam areas — flat middle of Lithuania,
north west (Akmené—Mazeikiai section) and Suvalkija
(Sakiai-Vilkaviskis-Marijampolé—Kalvarija  section) —
where nearly all of them have polluted shallow well wa-
ter. The biggest part of polluted shallow wells is in the
Eastern—Eastern/Southern part of Lithuania (Giedraitiené,
Juodkazis 1999; Miciudiené et al. 1995).

Nitrates and similar substances assimilating into or-
ganism can be provocative to methaemoglobinaemia,
interrupt thyroid activities and cause cancer risk (ni-
trosamines). Nitrates are extremely dangerous to pregnant
females, newborn babies and in the first months of babies
(Gandolli et al. 1994; Jakucionyté et al. 2001).

Provided research results data (Rutkoviené et al.
2003) show that during warm seasons (spring, summer) a
positive temperature of shallow wells results in condi-
tions for ammonium nitrogen transformation into nitrates
with nitrate concentration increase. When nitrite concen-
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tration is higher than the limits (50 mg/l), other quality
indicators, like ammonium concentration, increase simul-
taneously. Maximum pollution load of nitrates in shallow
water wells occurs during spring, and the quantity of
organic substances and ammonium increases during
summer (Rutkoviené et al. 2003). Water treatment was
not related to ammonium removal because of till 2003 the
hygiene norm requirements of the biggest permissible
level for ammonium concentration was four times higher
(2 mg/l) compared with today’s requirements (HN
24:2003). When requirements for drinking water quality
became stricter, ammonium removal during water treat-
ment became an up-to-date issue. One of possible meth-
ods to remove nitrogen compounds from water is sorp-
tion, i.e. by using natural cost-effective sorbents (zeolite,
opoka, clinoptilolite).

Zeolites are crystalline hydrated aluminum silicates
with a framework structure containing pores that are oc-
cupied by water and by alkali and alkaline earth cations.
Due to their high cation-exchange ability as well as mo-
lecular sieve properties, natural zeolites (cheap materials,
easily available in large quantities in many parts of the
world) show special importance in water and gas purifi-
cation, adsorption and catalysis (Inglezakis 2005). Zeo-
lites have also an advantage over filter materials with
significant permeability and are widely used for water
purification by filtration (Sakalauskas, Valentukeviciené
2003; Brannvall et al. 2006). Clinoptilolite, a natural
zeolite with the representative unit-cell formula
[AISi501,]»(K5,Na,,Ca)(H,0)s seems to be the most at-
tractive material for ammonium removal from drinking
water and wastewater — due to its ammonium—ion selec-
tivity and good performance in ammonium sorption un-
der low temperatures (Inglezakis 2005; Sheta ef al. 2003).

The ammonium cation—exchange capacity varies de-
pending on the presence of other cations in the aqueous
phase and initial ammonium concentrations (Sheta et al.
2003; Inglezakis et al. 2003). Amounts of NH," adsorbed
by clinoptilolite increase with increasing initial concen-
tration in an aqueous solution, and NH," adsorption and
desorption by zeolite are particle—diffusion—controlled
processes (Lebedynets et al. 2004). The pH level of an
aqueous solution must be at or below 7 (Inglezakis 2005;
Sprinskyy et al. 2005). Cation— exchange capacity of
clinoptilolite tends to increase with the increasing relative
content of alkaline metal cations and it is independent on
alkaline earth cation content. The exchange efficiency is
influenced significantly by chemical and physical pre-
treatment techniques and loading or regeneration of zeo-
lite. Sodium chloride solution treatment seems to be the
best method of clinoptilolite preparation and regeneration
(Sheta ef al. 2003; Inglezakis et al. 2003; Sprinskyy et al.
2005) even though the efficiency of ammonium removal
increases with decreased zeolite particle size (Inglezakis
2005; Sprinskyy et al. 2005).

The aim of the present work is to investigate the fea-
tures of nitrates and ammonium-ion sorption from shal-
low-well water and synthetic aqueous solutions by using
natural zeolite Transcarpathian clinoptilolite under static
and dynamic conditions.

2. Materials and methods

Clinoptilolite rock from the Sokyrnytsya deposit (the
Transcarpathian region, the Ukraine) containing 70-75 %
of clinoptilolite was used in this study. The zeolite (cli-
noptilolite) samples were ground in a metal mortar and
divided into fractions (in mm) 0-0.315, 0.315-0.63 by
mechanical sieves. Each fraction was washed with pure
water to remove turbidity and was dried at a temperature
of 105°C. First fraction of zeolite (mesh size of
0.315 mm) was used for nitrate (NO5 ") adsorption from a
water solution under static conditions. During the ex-
perimental procedure natural shallow-well water was
artificially polluted with known nitrate concentration
water. Shallow-well water quality was evaluated and
analyzsed from February 2006 till May 2006. The total
number of analysed samples was 12 when nitrate concen-
trations, water conductivity (SEL) and pH were analysed.
An artificially-polluted with NaNO; solution, shallow
wells water was enriched by nitrate concentration. Stan-
dard solution dosing was selected for nitrate concentra-
tions in the water: 50 mg/l, 100 mg/l, 150 mg/l and
200 mg/l. When natural shallow-well water was used, the
obtained primary nitrate concentration was bigger in the
samples. After the measurement of nitrate concentration,
SEL and pH, 5 g of zeolite (0.315 mm mesh size) were
added to each sample. Samples with the solution and
zeolite were mixed by an automatic mixer for 1 h,
100 min.”'. After mixing by an automatic mixer and
30 min. sorbent sedimentation of mixed solutions, the rest
was filtered through Whatman No. 5 filter. Measurements
were carried out with the following analyses: solution
nitrate concentration, pH and SEL. Nitrate concentration
was measured by using a spectrophotometer, completed
by a MERCK nitrate test. Electric conductivity (SEL) was
measured with a portable conductive meter Cond 315i.
During the investigation pH data were measured by a
WTW pH 323 pH-meter.

Then a prepared zeolite fraction (0.315-0.63 mm)
was used for ammonium (NH,") adsorption from water
solutions. Natural shallow-well water was used from
Vilnius, Salininkai summer house site. Artificially-
polluted water (NH,4Cl was added to natural water), with
primary ammonium pollution: 1, 2, 5, 10 mg/l. Adsorp-
tion analyses were carried out from May 2006 to October
2006 under static and dynamic conditions. First case
study solutions (volume 500 ml) with 5 g zeolite were
mixed with a laboratory mixer for 1h, 100 min~'. When
mixing was finished, a 30 min sedimentation procedure
was provided. After filtration through a paper filter
Whathman No 5, ammonium concentration was meas-
ured. Ammonium (NH;") concentration in water was
measured by a spectrophotometer, using the MERCK
ammonium test.

When ammonium was removed from the water solu-
tions under dynamic conditions, a laboratory pilot-scaled
filter model was used, including a water reservoir (501
volume); a filter column (height 500 mm, diameter
34 mm), with 0.315-0.63 mm mesh-size zeolite filter
medium. Preliminary investigation was carried out during
May—June 2006 when filter medium height was 400 mm
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of zeolite. The weight of dried-zeolite-filter medium was
410 g, ammonium concentration in the water solution
was approximately 15 mg/l; then the filtration rate was
estimated as being approximately equal to 5 m/h. Further
investigation was carried out (August—October) by using
a 100 mm heigh zeolite-filter medium. The weight of this
filter medium was 100 g, primary ammonium concentra-
tion was approximately 10 mg/l, and the filtration rate
estimated was 3 m/h. Ammonium concentration, pH data
of solution into reservoir and filtrated water was meas-
ured by applying the following methods by using the
above equipment.

3. Experimental results

The water quality data of shallow water wells situated in
Nemenciné settlement of Vilnius district is provided in
Table 1.

Table 1. Water quality data of investigated wells

Sampling day NOs, Al tti?:epera SEL, pH
mg/l ¢ OC’ puS/cm
6 Feb.2006 84.40 -17.22 1324 7.44
13 Feb. 2006 84.66 -11.33 1328 7.42
20 Feb. 2006 87.56 —-0.78 1359 7.41
27 Feb. 2006 88.10 -9.67 1365 7.45
6 Mar. 2006 88.91 —6.44 1366 7.42
20 Mar. 2006 93.40 -3.76 1375 7.53
27 Mar. 2006 89.00 +0.33 1366 7.14
3 Apr. 2006 8.03 +4.67 1276 7.20
10 Apr. 2006 76.23 +6.22 1207 7.03
24 Apr. 2006 49.59 +9.11 916 6.61
2 May 2006 55.80 +11.67 917 7.03
9 May 2006 44.73 +12.11 877 7.48

Nitrate concentration, electric conductivity and pH
of all the water samples were measured five times, and
the statistically estimated data are provided in the investi-
gation results. Nitrate concentration in water from the
investigated wells ranged between 44.73 and 93.40 mg/I,
and 10 from 12 samples were found to exceed the legal
limit of 50 mg/l. Some systematic changes of the water
quality were obtained: nitrate concentration in well water
was raised from 6 February 2006 because of organic
compounds that had accumulated and decayed during
summer. During the beginning of April 2006, when the
temperature became positive, nitrate concentration de-
creased. This phenomenon can be explained because the
plants used for vegetation nitrogen had been activated for
vegetation purposes. It is also possible that a large
amount of snow melted water (penetrated into this well)
that was not polluted with nitrates has impact on concen-
tration decreasing.

Electric conductivity (SEL) of the investigated water
well changed in a way very similar to that of nitrate con-
centrations. Maximum SEL — 1375 uS/cm (200 Mar.
2006) is at the same maximum with nitrate concentra-
tion — 93.4 mg/l (20 Mar. 2006), and in the same way the
minimum ranges were: SEL — 877 uS/cm (9 May 2006)
and nitrate concentrations — 44.73 mg/l (9 May 2006).

The strong dependency of R*=0.984 between nitrate
concentration and electric conductivity following the
equationy =11.629x, + 328.14 is provided in Fig. 1.

1500
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y =11.629x + 328.14
R2 =0.984

700 T T T T T
40 50 60 70 80 90 100

Nitrate concentration, mg/I

Fig. 1. Dependency of SEL on nitrate concentration

Our investigation results show that SEL data can be
helpful in evaluating possible nitrate concentration in
well water under the same conditions.

The analysed water pH data were similar to those
from usual natural water sources, and slightly alkali pH >
7. Some changes between 6.61 to 7.53 were not depend-
ent on the analysed water nitrate concentrations and SEL.

The aim of the next part of our investigation was to
study possibilities of nitrate concentration reduction by
using powdered zeolite. The investigated well water solu-
tion with artificially added NaNOs statistically evaluated
data (before mixing and after mixing with added pow-
dered zeolite) are shown in Table 2.

Table 2. Adsorption measurement data

NO73, mg/l SEL, uS/cm pH
on o0
& o &
5 £8 =)
o ® = o
< = 0 <
g o Eg e °
| 8= 5 o S = 5 S o)
=S S S =5 &8 = o
Z| &8 <% B8 | < g | <
1 74.31 70.23 980 998 7.2 7.6
2 128.61 129.16 1073 1086 7.2 7.7
3 177.79 187.26 1161 1185 7.3 7.7
4 | 228.02 216.19 1253 1272 73 7.7
5 | 287.46 280.36 1346 1361 7.3 7.6

After mixing of water with zeolite and sedimenta-
tion, raised pH and SEL of solutions can be explained,
that zeolite contains a large amount of calcium and mag-
nesium carbonates (CaCO;, MgCO;) with hydrolyze
possibilities into water.

Nitrate concentration range, when using powdered
zeolite, is shown in Fig. 2.

The investigation results show a low (approximately
of 5 %) nitrate reduction from the first, fourth and fifth
samples, but nitrate concentration rose in two samples.
Repeated experiments show that the used zeolite fraction
cannot be used for nitrate removal.
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Fig. 2. Variation range of nitrate concentrations

The next step in the investigation was aimed at am-
monium removal from water. Ammonium concentration
is limited in drinking water to 0.5 mg/l [HN]. Primary
NH", solutions were prepared from supplied tap water
and artificially polluted by NH,4Cl. Primary solutions
were prepared, when ammonium concentrations were
approximately 5, 10 and 15 mg/l, and mixed with 0.315—
0.63 mm mesh-size zeolite fraction. From 16 Oct. 2006
till 19 Oct. 2006 the investigation was continued by using
natural shallow-well water. Well water had ammonium
concentration of 0.1 mg/l, SEL — 668 uS/cm, pH — 7.25,
t— 15.2 °C. When the solution of well water and NH,CI
was prepared with 10, 5, 2, 1 mg/l of ammonium concen-
tration (each with a volume of 500 ml), 5 g of zeolite
were added (0.35-0.6 mm particle size) and a 1 h mixing
procedure was applied in the laboratory mixer 120 min ™.
When each mixing and sedimentation procedure was
0.5 h, SEL and pH and measurements of NH," concentra-
tion were carried out. The same measurements were re-
peated after two hours. The results are shown in Table 3.

Statistically estimated measurement data are shown
in the table above. Our investigation results show a de-
crease of concentration in all the samples. Zeolite parti-
cles were adsorbed by NH'; with the best efficiency from
a sample that had the minimum primary ammonium con-
centration of 5.1 mg/l.

Ammonium concentration was decreased by ap-
proximately 4.15 mg/l in the first sample, when the re-
moval efficiency was approximately 81 %. Two samples
had a lower NH", removal efficiency because the primary
concentrations were higher. The zeolite (mesh size of
0.315-0.63 mm) quantity of 1 g removes approximately
0.4-0.6 mg of ammonia, and the zeolite sorption capacity
for ammonium in this study was approximately equal to
0.5 mg/g. The pH was not influenced during the experi-
ment because of a small rate of increase in all the samples
(approximately 7.1-7.2 before mixing with zeolite, and
7.4-7.6 after mixing). Solution pH increases after mixing
with zeolite because calcium and magnesium carbonate
compounds hydrolyze.

Table 3. Results of NH', removals from water under static

conditions
+ Removal
Samples ang/l ? pH HSSF;(I;’H efﬁcj/ency,
0

Tap water and NH,CI solutions
Before mixing

1 14.93 7.2 — —

2 10.04 7.1 - -

3 5.10 7.2 - -
After mixing and 0.5 h sedimentation

1 9.13 7.7 - 38.84

2 3.89 7.6 - 61.25

3 0.95 7.7 - 81.37
Well water and NH,4Cl solution
Before mixing

1 10.23 7.2 733 —

2 4.92 7.2 701 -

3 1.88 7.2 682 -

4 0.90 7.3 676 -
After mixing and 0.5 h sedimentation

1 3.20 7.7 706 64.81

2 1.23 7.8 683 75.00

3 0.53 7.7 665 71.80

4 0.11 7.9 653 77.78
After 2 h sedimentation

1 341 7.7 707 -

2 1.28 7.7 682 -

3 0.54 7.8 663 —

4 0.12 7.9 654 -

Well water and artificially NH4Cl polluted solution
pH increase after adding zeolite in the same manner as in
the previous experiments. SEL data decrease because
ammonium concentration decreases. Ammonium removal
efficiency in the samples was 65-78 %. Measured data
after 30 min. and 2 h mixing was slightly different, but
ammonium adsorption was still the same. Following the
investigation results, it was found that 5 g of zeolite could
remove ammonium to a required limit of 0.5 mg/l in a
water volume of 0.5 1, when primary concentration was
1.0-2.0 mg/l.

The next stage of experiments was carried out under
dynamic conditions. Tap water and NH4Cl were used for
preparing 30 | of solution (primary ammonium concentra-
tion was approximately 15 mg/l), after filtration through a
filtration column (the zeolite-filter medium height was
400 mm) with a filtration rate of 5 m/h. The results of
ammonium removal from solutions, that were statistically
estimated, are shown in Table 4.

According to the results in Table 4, all the 13 sam-
ples (taken every half of an hour) had primary ammonium
concentrations from 15.00 to 15.16 mg/l. This deviation
resulted from the influence of external factors. The preci-
sion of measurements with a spectrophotometer
GENESYS is 0.5%. Ammonium concentration of
0.53 mg/1 after the first filtration was inadequate hygiene
norm requirements for drinking water (HN 24:2003).
After stabilization of 1 h filtration process, NH", concen-
tration of filtered water was from 0.11 to 0.17 mg/l, i.e.
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less than the required 0.5 mg/l concentration. The effi-
ciency of NH', removal from water was 96.5-99.2 %.

Table 4. Results of NH," removal from water under dynamic

conditions
. NH,", mg/l | NH,", mg/l Removal
ngl;hﬁg into resegr- ﬁltratedg efficiency,

’ voir water %
930 15.00 - -
10% 15.11 0.53 96.5
10%° 15.13 0.13 99.1
11% 15.05 0.15 99.0
11%° 15.12 0.17 98.9
12% 15.04 0.11 99.2
1230 15.00 0.16 98.9
13% 15.11 0.12 99.2
13% 15.16 0.13 99.1
1430 15.14 0.14 99.1
15% 15.05 0.15 99.0
15%° 15.13 0.14 99.1
16% 15.00 0.13 99.1

The next stage of the investigation was carried out
by using shallow-well water, when primary ammonium
concentration was 0.1 mg/l, SEL — 668 uS/cm, pH — 7.25,
t— 15.2 °C. Ammonium concentration was increased in
the laboratory to 10 mg/l with added NH4Cl. Solution
data were measured: ammonium concentration —
10.05 mg/l, SEL — 737 uS/cm, pH — 7.7, t — 16.0 °C. The
prepared solution was filtered through a filtration column
(the zeolite-filter medium height of 95 mm) for 10 hours.
Four times less amount of zeolite-filter medium (100 g
instead of 410 g of the first experiment under dynamic
conditions) was used to get an increased concentration of
NH", in filtered water. Filtration rate was 3 m/h. The
statistically estimated results of ammonium removal from
solution are shown in Fig. 3.

Ammonium concentration of water before filtration
and that of water filtered through a zeolite-filter medium
were measured 11 times, and each sample was analysed
three times.

- 2
120 - y =—0.6451x" + 3.4331x + 90.449

R?=0.9456
100
Fl ;g
B
80 4 \: —
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= Ny
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05 1 15 2 25 3 35 4 45 5 55

Filtration process duration, h

Fig. 3. Decrease of ammonium removal efficiency
depending on filtration process

Following the results, the primary ammonium con-
centration remained the same, and NH", concentration of
filtered water met the hygiene norm requirements only in
the first two filtration hours. Ammonium removal effi-
ciency was decreasing following polynomial dependency
y=-0.6451x>+3.4331x + 90.449, when R =0.9456.
After the 30 1 of the prepared solution ended, ammonium
concentration of the last filtrated-water sample filtered
was 5.35 mg/l, when the efficiency was 47.5 %.

Comparison of experimental investigation results of
two methods of NH", removal from water under dynamic
conditions shows that zeolite-filter medium (0.315-
0.63 mm mesh size) removes ammonium from water and
can be used for drinking-water treatment. The optimum
height needs to be found, depending on the primary NH",
concentration.

However, such processes still need to be proved by
more extensive studies, but the obtained investigation
results could be applied as a basic scenario.

4. Conclusions

1. The investigated shallow wells (in Vilnius city
and Vilnius district, Nemenciné town) show that its water
quality, following nitrate concentration, is over the limits
of the hygiene norm of 50 mg/l in 10 from 12 samples.

2. Seasonal increase/decrease data were obtained
for nitrogen compounds in well water. Nitrate concentra-
tion was increasing during autumn and winter seasons
because of occurring organic matter decomposition proc-
esses.

3. The experiments show that the used zeolite frac-
tion cannot be used for nitrate removal.

4. After one hour of mixing tap water and NH,CI,
(when ammonium concentration was from 5 to 15 mg/l)
by adding 5 g of 0.315-0.63 mm mesh-sized zeolite frac-
tion, and after 30 min. of solution sedimentation, ammo-
nium concentration was decreased from 81 to 39 %.

5. After one hour of mixing shallow-well water and
NH4CI1 (when ammonium concentration was from 1 to
10 mg/l), by adding 5 g of 0.315-0.63 mm mesh-sized
zeolite fraction, and after 30 min. of solution sedimenta-
tion, the ammonium removal efficiency was 65-78 %.

6. Ammonium removal from solutions of supplied
tap water and NH4Cl (when primary concentration was
15 mg/l) under dynamic conditions, filtered through
400 mm heigh, 0.315-0.63 mm mesh-sized zeolite-filter
medium, when filtration rate was 5 m/h, NH', removal
efficiency reached 95-99 %. Ammonium removal from
solutions of shallow-well water and NH,4Cl (when pri-
mary concentration was 10 mg/l) filtered through 95 mm
height at filtration rate of 3 m/h, NH', removal efficiency
reached approximately 96 %.

7. The obtained results show that 0.315-0.63 mm
mesh-sized zeolite fraction can be useful as an adequate
sorbent for NH4 removal from water.
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NATURALIOJO SORBENTO CEOLITO (KLINOPTILOLITO) NAUDOJIMAS NITRATAMS IR AMONIO

JONAMS SALINTI IS VANDENS

A. Mazeikiené, M. Valentukevi¢iené, M. Rimeika, A. B. Matuzevicius, R. Dauknys

Santrauka

VGTU Vandentvarkos katedros laboratorijoje vykdyti eksperimentiniai azoto junginiy (nitraty bei amonio jony) Salinimo
i§ vandens, naudojant gamtinius ceolitus, tyrimai. I$ keliy Vilniaus mieste ir rajone esan¢iy $achtiniy Suliniy paimti van-
dens méginiai. Nitraty koncentracijos juose padidéjo pridéjus NaNQO;. Nitratai Salinti i§ vandeniniy tirpaly statiniu budu,
tirpalus (kuriuose nitraty koncentracijos sieké 74-288 mg/l) 1 h maisant su 5 g 0,315 mm stambumo ceolito griudeliy frak-
cija automatinéje maisykléje 100 aps./min intensyvumu ir po 30 min nusodinimo i$matuojant juose nitraty koncentracija.
Amonio jony $alinimas i§ vandeniniy tirpaly (kurie buvo pasigaminti i§ $achtinio Sulinio ir vandentiekio vandens prid-
edant NH4Cl) atliktas statiniu ir dinaminiu biidu (filtruojant vandens tirpalus, kuriuose amonio jony koncentracijos sieké
10-15 mg/l, per 0,315-0,63 mm ceolito gradeliy uzpildo sluoksni).

Eksperimenty rezultatai parodé, kad, maiSant Sachtinio Sulinio vandeni (kuriame nitraty koncentracijos buvo 74-288 mg/I)
vieng valanda su 5 g 0,315 mm griideliy stambumo ceolito frakcija, po 30 min tirpalams nusistovéjus, nustatyta, kad ni-
traty koncentracija juose nesumazéjo. Tokiu pat biidu maiSant Sachtinio Sulinio vandenj (kuriame amonio jony koncen-
tracijos buvo 1-10 mg/l) su 5 g 0,315-0,63 mm grudeliy stambumo ceolito frakcija, nustatyta, kad amonio jony Salinimo
efektyvumas méginiuose sieké 72-86 %. Salinant amonio jonus i§ vandentiekio vandens ir NH,CI tirpalo (pradiné kon-
centracija 15 mg/l) dinaminiu btdu, filtruojant per 400 mm auks¢io 0,315-0,63 mm stambumo ceolito griideliy uzpilda
5 m/h grei¢iu, NH," Salinimo efektyvumas sieké 95-99,9 %. Salinant amonio jonus i§ achtinio $ulinio vandens ir NH,CI
tirpalo (pradiné koncentracija 10 mg/l) dinaminiu btdu, filtruojant per 95 mm auksc¢io 0,315-0,63 mm stambumo ceolito
griideliy uzpilda 3 m/h grei¢iu, NH", koncentracija filtrato méginiuose maZéjo pagal eksponentine priklausomybe. Gauti
rezultatai parodé, kad ceolito grudeliai netinka nitraty sorbcijai i§ vandeniniy tirpaly, bet 0,315-0,63 mm stambumo ceo-
lito griideliy frakcija galéty biiti ypa¢ tinkamas sorbentas NH', Salinti i§ vandens, todél bity tikslinga atlikti daugiau

tyrimy Sioje srityje.

ReikS§miniai ZodZiai: ceolitas, klinoptilolitas, nitratai, amonis, sorbcija, filtravimas.
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INPUMEHEHUE HATYPAJIBHOI'O COPBEHTA HEOJIMTA (KJIMHONTUJIOJUTA) AJSA OYUCTKHU
BOJbI OT HUTPATOB U AMMOHUA

A. Ma:keiikene, M. BanenryksaBuuene, M. Pumeiika, A. b. Mary3saBuuioc, P. JlaykHuc
Pesome

DKCIepUMEeHTaIbHbIE HCCIEIOBAaHUSI OYMCTKH BOJABI OT a30TOCOJAEP)KAIIUX COSIAMHEHHWH (HUTPaTOB M aMMOHHMS) C
NPUMEHEHHEM IIPUPOAHOrO LieosiuTa ObUIM NpOBeAeHbl B JabopaTopuu Kadenpsl BoJocHaOxeHHS BuibHrocckoro
TEXHUYECKOro yHHMBepcuTeTa MM. ['equmubaca. [l 3Toi 1ea1M HCMONB30Banach BOJA M3 HECKOIBKHMX IIAXTHBIX KO-
JIOJIIEeB, HAXOIAIIUXcsA B T. BuibHIOCE W ero paiioHe, KOHLEHTpaLUs HUTPATOB Oblia yBenwdeHa, Ao3upys NaNOs.
OuncTka BOJHBIX PACTBOPOB OT HUTPATOB IPOU3BOAMIACE CTATUYECKUM METOJIOM, PACTBOPHI (KOHIEHTPAIHS HUTPATOB
cocraBnsia 74-288 Mr/m) B TedeHWe daca cMmemmBaid ¢ 5 T neonuta (ppakmms— mo 0,315 mM) aBTOMaTHYECKOH
Memankoil npu uHTeHCHBHOCTH 100 06/MmH. ITocte 30 MuH OTCTaMBaHHMS ONpeAENsUIach KOHIEHTPAIMsS HUTPATOB.
Ouncrka OT aMMOHHS BOJHBIX PAacTBOPOB, IOJNYYEHHBIX M3 BOJBI IIAXTHBIX KOJOMIEB W BOAONPOBOXHOM BOIBI C
nob6asirennem NH,Cl, mpoumsBomunack craTHYecKMM ¥ JIMHAMHYECKUM METOAaMH (BOJHBIE pPacTBOPHL, B KOTOPBIX
KOHILIEHTpals aMMOHus jpocturana 10-15 mr/m, ¢uibTpupoBanuch 4epe3 3arpy304Hblil MaTepual W3 LEoJuTa C
¢pakuueii 0,315-0,63 mm).

Pe3ynbraTel JKCTIepUMEHTa MOKa3aiM, YTO KOHLEHTPAIMs HUTPATOB B PACTBOpaxX HE YMEHBIIHMIACh, KOTJAa BOAY M3
[IAXTHBIX KOJIOALEB, B KOTOPBHIX KOHIIEHTpAIMs HHUTPATOB AOCTUTalda 74-288 MI/a, cMemmBaiM B TEYEHHE Haca C
5 r neonuTa, ¢pakuus koroporo coctaBisiia 0,315 MM, u orcranBanu B TeueHune 30 muH. [Ipy cMemmBaHWK BOJBI U3
IIaXTHOTO KOJOJIA, B KOTOPOM KOHIEHTpanust aMMOHUs gocturaga 10-15 mr/m, ¢ 5 r meonura, Gpaxmust KOTOPOTo
cocrapnsuia 0,315-0,63 MM, 3 (HEeKTHBHOCTh OYHCTKH OT aMMOHHs gocturana 72—86 %. [Ipu oducTke BOIONPOBOTHOM
Boasl ¢ pactBopoM NH,Cl or aMMOHMS, KOHIIEHTpAIys KOTOPOTO COCTaBisUIa 15 MI/i, B AWHAMHYECKUX YCIIOBUSIX,
GunbpTpys 4epe3 3arpy3ouHblii Marepuai BbicoToid B 400 MM u ¢pakumerr 0,315-0,63 MM co ckopocThiO 5 M/d,
addexTuBHOCTb O4MCTKH pocturana 95-99,9 %. Ilpu ouucTke BOXBI M3 LIaXTHBIX KosoaueB ¢ pactBopoM NH,Cl or
aMMOHHA (KOHIEHTpauus cocTasisiia 10 Mr/m) B AMHAMHYECKUX YCIOBHUSX, (QHUIBTPYS uYepe3 3arpy30uHbId MaTephai
BBICOTOH B 95 MM CO CKOpOCTBIO 3 M/u, KommeHTpamusa NH, B (umbTpaTe yMeHbIIANach ¢ 3aKOHOMEPHOCTHIO DKC-
noHeHTHOH (yHKIH. [lomydeHHBIe pe3yIbTaThl MTOKa3alIH, YTO 3arpy3Ka IEOJHTa He CIIOCOOCTBYET COpPOLMH HHUTPATOB
13 BOJHBEIX PacTBOPOB, B TO BpeMst Kak neonut ¢ (pakmnueit B 0,315-0,63 MM MoXeT OBITh IPHEMIIEMBIM COPOESHTOM IS
ouncTky Bojibl 0T NH,', mosToMy 11esiecoo6pasHo MpoBeeHHe A0MOTHHTENLHBIX HCCIIeIOBAHUH.

Kuarwuesble ciioBa: LCOJIHUT, KIIMHOIITHUIIOJINT, HATPATHI, aMMOHPIﬁ, COp6HI/I$I, (1)I/IHBTpI/Ip0BaHI/Ie.
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