146

ISSN 1648-6897
JOURNAL OF ENVIRONMENTAL ENGINEERING
AND LANDSCAPE MANAGEMENT

http:/www.vtu.lt/english/editions

2004, Vol XII, No 4, 146152

CHANGE DYNAMICS OF BIOGENIC MATTER IN RIVER WATERS OF
SOUTHEAST LITHUANIA DURING PERIODS OF DIFFERENT WATERINESS

Lina Bagdzitinaité-Litvinaitiené

Dept of Hydraulics, Vilnius Gediminas Technical University,
Saulétekio al. 11, LT-10223 Vilnius, Lithuania. E-mail: hk@ap.vtu.lt

Received 13 Oct 2003; accepted 22 Sept 2004

Abstract. Water protection is one of the most all-round regulated areas of the EU environmental control. In order to
prognose the state of water ecosystem it is necessary to evaluate its long-term changes. The paper analyses water quality
of three southeast Lithuanian rivers (the Stréva, the Merkys, the Sventoji) during the last three decades. The dependence
of river water abundance and biogenic matter (mineral nitrogen and phosphorus) concentrations and amount changes
was analysed. By investigating the annual data of biogenic matter concentrations and discharges during the period of 30
years, it is established that there is no dependence. After an additional sampling (3 times a month) of surface waters it
is established that the dependence is strong, the coefficient of correlation fluctuates from 0,5 to 0,99.
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1. Introduction

In order to forecast on water ecosystem condition,
it is important to consider key factors that influence the
concentrations of biogenic matter. It is also necessary
to evaluate long-term changes of climatic, economical
and social conditions. In natural geosystems the con-
centrations and inflow of the most important biogenic
elements (mineral nitrogen and mineral phosphorus) are
determined by physical and chemical qualities of the soil,
climate, and anthropogenic activities. The greatest in-
fluence comes from cities and industrial activities which
account for the pollution of rivers and lakes together
with changes in physical and chemical composition of
water. Agricultural and forestry activities determine dis-
persive pollution which has a significant influence on
eutrophication of water reservoirs. Large energy- and
transport-associated objects and run-off regulating ponds
also change significantly the parameters of water eco-
systems.

Over the last 30 years Lithuanian agrarian landscape
has changed to a considerable extent. While pursuing
an intensive melioration programme, the hydrological
regime of rivers has been altered. The structure of wa-
ter balance of the river basin was changing together with
an expansion of the area which was drained and used
for agriculture. This resulted in an increase in the evapo-
ration and accumulative potency of the soil, while the

volume of water run-off decreased only a little. Even a
small alteration of water regime causes inevitable
changes in hydrochemical regime.

For Lithuania entering the European Union, a very
important and relevant task is to reduce the quantity of
nitrates in both surface and ground waters. In order to
put The Directive on Nitrates (91/676/EEC) into prac-
tice, first it is necessary to evaluate the present situa-
tion. That is why papers analysing the hydrochemical
state of Lithuanian rivers appear in scientific literature
more frequently. Many scientists pay a great regard to
studies of agricultural activities that influence the qual-
ity of surface waters. Analysis of nitrate concentration
change dynamics in Lithuanian rivers in the period 1981—
1994, made by A. S. Sileika [1], shows that since 1990
nitrate concentration was considerably elevated in the
waters of river basins which are larger than 100 km?,
despite that the use of mineral fertilizers in agriculture
was decreased five times since 1989. Among the fac-
tors, which may potentially increase water pollution, are
inappropriate management of manure, accumulation and
decomposition of organic substances in abandoned fields
(e g unharvested crops), insufficient farming control caus-
ing poor environmental protection, and insufficient edu-
cation of new farmers. After examining changes in wa-
ter quality in Lithuanian rivers and grouping them ac-
cording to change dynamics of nitrate nitrogen concen-
trations, it is found that a sharp increase in nitrate
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concentration since 1990 was caused by certain anthropo-
genic activities [2]. However, there are also other opin-
ions. For example, R. Tumas has proposed that water
characteristics in different Lithuanian regions might be
determined by local natural conditions which influence
the run-off of rivers [3]. Therefore, it is important to
determine how the quality of water is formed before
getting into rivers and how it is affected by different
meteorological conditions. Analysis of water quality for-
mation in small rivers of Lithuania show that the chemi-
cal regime of a river is formed relatively to its physical-
geographical location. In Middle Lithuania Plain, where
the river run-off is mostly formed with surface waters,
rivers are mainly polluted by biogenic matter, in con-
trast to Zemaiciai Heights and East Lithuania, where the
wash-out of chemical substances is less intensive. These
consistent patterns are determined by different amounts
of participation and differences in the process of the river
run-off formation.

The quality of river water is determined not only by
natural causes, but also by farming activities. However,
due to the decline in anthropogenic load on agriculture in
recent years, the influence of farming factors is not very
significant. R. Tumas [4] established connection between
the abundance of water hydrobionts and dispersed pollu-
tion in the rivers of Lithuania which are running through
agricultural areas. Studies on run-off formation conditions
in 17 rivers allowed to determine that the levels of pol-
lutants of a nitrogenous and phosphorus origin in rivers
are mainly influenced by climatic, topographic and geo-
logical factors. For instance, the levels of mineral nitro-

gen (NHZN +NO;N+ NOgN) in two rivers of East Lith-

uania, the Sirvinta and Zeimena, which differ in their run-
off formation conditions, were 0,4—1,3 mg/l and 0,6—
2,1 mg/l, respectively. In contrast, two rivers in Middle
Lithuania, the Nevézis and Lévuo, contained much higher
levels of mineral nitrogen compared to that in the Sirvinta
and Zeimena, although differences in phosphorus concen-
trations in these rivers were inconsiderable.

R. Pauliukevicius [5] performed an analysis on land
utilities and average annual concentrations of nitrogen
and phosphorus in 46 river basins in the period 1992-
1994 and established a direct correlation between a
farmed area and the concentration of both mineral nitro-
gen and phosphorus. The process of wash-out of these
minerals is decreased relatively to the expansion of for-
ests and swamps in river basins. After the draining of
swamps, which cover around 5 % of a river basin terri-
tory, the average annual concentration of total nitrogen
increased by 50-60 %, whereas the effect of forest ex-
pansion was as twice as less efficient.

Foreign scientists analyse changes of water quality
by taking into account both anthropogenic and environ-
mental conditions. A. Grimvall and others [6] explored
water quality changes in rivers in different East Euro-
pean countries (Estonia, Latvia, Hungary, Slovakia, and
Poland) with relation to changes in intensity of anthro-

pogenic activity in these areas. The obtained results show
that, due to a decline in inensity of anthropogenic activ-
ity, an abrupt decrease of phosphate concentrations was
observed in river waters, whereas no significant changes
in concentrations of mineral nitrogen were detected. The
authors also emphasize that it is very important to have
data from long-term examinations. P. Stalnacke and oth-
ers [7] examined changes in pollution of 6 major rivers
inflowing into the Baltic Sea the (the Neva, Narva,
Daugava, Nemunas, etc) during the period 1980-1993.
It is estimated that every year river waters enrich the
Baltic Sea with 825 000 tons of mineral nitrogen and
41 000 tons of phosphates. The authors note that the
Baltic Sea is also additionally contaminated with nitro-
gen which originates in cities as well as from athmosferic
precipitations from these areas.

2. The purpose of investigation

The main purpose of this study was to examine the
quality of river water within three last decades (1974—
2002) with expectation to find a relation between changes
in the concentration as well as the total amount of bio-
genic matter and water abundance in rivers. These data
would provide with a possibility to predict physical-geo-
graphical and climatic conditions of river basins in the
South-East of Lithuania and future tendencies of alter-
ations in water hydrochemical state.

3. The object of investigation

Three rivers in the South-East of Lithuania were
chosen for the investigation: the Stréva, Sventoji, and
Merkys. The main characteristics of their basins are sum-
marized in Table 1 where the data from a monograph
by B. Gailiusis and coauthors [8] were used.

4. Methods

For analytical purposes, we used the data of river
water quality (NHy, NO;, NO3, PO‘?() provided by
the Joint Research Center under the Ministry of Envi-
ronment of the Republic of Lithuania [9] and the water
discharge data presented in hydrological annals [8] of
the Lithuanian Hydrometeorological Service.

Experimental analysis, during which water sampling
was carried out with an increased frequency up to 3 times
a month, was performed throughout the summer period
of 2002 (June — September). The purpose of this experi-
ment was to determine how the frequency of water sam-
pling influences the assessment of average concentra-
tions of biogenic matter throughout the examined pe-
riod. Samples of water were taken from locations that
are indicated in the Lithuanian National Monitoring
Programme. Following the requirements of the
Lithuanian standard LST EN 25667-1, samples were
taken from littorals (1-1,5 m from the bank) as well as
from middle river reaches and, while kept at 8-10 °C,
were delivered to the laboratory in 24 hours.
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Table 1. Characteristics of analysed river watersheds

Characteristics of river watershed Rivers
The Stréva The Sventoji The Merkys
Total area of river watershed, km? 759 6888,8 4416
Area of river watershed up to the place of water sampling, km? 234 540 4300
Place of water sampling Semeliskes Ukmerge Puvociai
heavy - 2 0,5
Area of different soils, % medium 63 73 32,5
light 27 25 67
soil 83,5 82,7 76
Area of agricultural landed garden 18 25 24
property, %
meadow 14,7 14,8 21,6
Lakiness, % 5,5 3 0,9
Marshiness, % 13 16 10
Woodedness, % 14 10 46
Annual run-off module, ﬁ 72 7,7 75
annual 678 588 625
Long-term rainfall, mm spring 295 270 279
summer 140 123 140

Concentrations of ammonium nitrogen were deter-
mined spectrometrically (LAND 38-2000), concentra-
tions of nitrites — by molecular absorption spectrometry
(LAND 39-2000), concentrations of nitrates — by using
phenoldisulphate, and concentrations of phosphates —
spectrometrically, with the use of ammonium molybdate
(LAND 58-2000).

Amounts of washed out substances within the pe-
riod of investigation were calculated using the follow-
ing formula:

cQt

C=—A,105' (1)

where C denotes the amount of washed out substance
(kg/ha/per period of investigation), ¢ is the concentra-
tion of biogenic matter (mg/l), O indicates the yield (m3/

s), t is the duration of investigation period (s), A de-
notes the area of river basin (km?). Thus, using known
water discharge values, we can calculate the run-off
volume during given periods of time.

To examine the change dynamics of biogenic mat-
ter during spring and summer seasons, we chose April
and September. This choice was motivated by the fact
that April is a month with the largest water abundance

[8], whereas there is a low water abundance during the
summer time. Since there are very scarce data available
on water quality in July and August, September was
chosen in this study. The data presented in Table 2 show
monthly distribution of river run-off in Southeast
Lithuania (years with different water abundance are com-
pared).

We also used the data accumulated in the period of
1974-2002, during seasons of both plentiful (spring time,
March-May) and low (summer time, June-September)
water abundance. Using the method of regressive analy-
sis [10] relationship among biogenic matter concentra-
tions was established.

5. Results

Hydrological examination of the three selected riv-
ers has revealed that the year 1994 was the most water-
abundant for all the three basins. Water abundance prob-
abilities calculated for the Stréva, Sventoji and Merkys
were 2,33 %, 9,85 %, and 2,38 %, respectively.

Water discharge in these basins in 1994 was 1,47,
1,46, and 1,31 times larger than average water discharge
values obtained during a long-term period 1974-2002
(1,65 m’/s, 40,8 m’/s, and 32,3 m?/s, respectively). The

Table 2. Monthly distribution of river run-off in Southeast Lithuania during the periods of different wateriness

Annual wateriness Months
expectation, % 111 v \Y% VI VII VI X X XI XII 1 1I
25 11,3 16,8 9,6 6,6 52 55 5,4 7,0 8,5 8,1 8,0 8,0
50 12,9 18,2 9,3 6,2 51 5,0 55 6,3 7.9 8,6 7,5 7,5
75 12,6 21,6 8,8 6,0 51 47 55 6,2 7,3 8,2 7,1 6,9
95 14,0 24,1 8,2 58 4.8 45 52 59 6,8 7,6 6,6 6,5




L. Bagdziunaité-Litvinaitiené / Journal of Environmental Engineering and Landscape Management — 2004, Vol XII, No 4, 146-152 149

Table 3. Seasonal run-off characteristics during the periods of different wateriness

Seasonal run-off part from annual run-off, %

Seasons Rivers Seasonal wateriness
high medium low
The Stréva 38 27 32
Spring The Sventoji 52 37 51
The Merkys 38 30 36
Summer The ?tréva 24 21 28
The Sventoji 13 20 22

driest year in all the three river basins was 1976 with water
discharge values 1,3—1,9 times lower than average yields
of a long-term period (1974-2002). The year when water
abundance reached average levels was different for each
of the three rivers: 1999 — for the Stréva (probability of
46,6 %), 2001 — for the Sventoji (probability 47,5 %), and
1982 — for the Merkys (50,0 %). Run-off modules during
the period of investigation were similar among all the
three rivers: 7,2 and 7,7 and 7,5 1/s km?2. Seasonal run-off
percentage relative to annual run-off calculated during
years with different water abundance characteristics is
presented in Table 3.

According to the analysis of the hydrochemical re-
gime for the period of 29 years, the Stréva, Sventoji and
Merkys could be put among rivers with medium and little
pollution. Nitrogen-containingions, such as ammonium,
nitrites and nitrates, rarely exceed their largest allowable
concentrations (the lowest allowable concentration (LAC),
which are, accordingly, 0,5 mg/l, 0,03 mg/l and 2,26 mg/1
in the examined river waters during the time of investiga-
tion. Probabilities that LAC of ammonium, nitrites and
nitrates will be exceeded were, respectively: for the Stréva
-5,2%, 6,1 %, and 4,5 %; for the Sventoji -6,9 %, 8,9 %
and 5,5 %; and for the Merkys — 8,5 %, 6,1 % and 2,3 %.
LAC of phosphates is 0,065 mg/l. With regard to phos-
phates, probabilities that their concentrations will reach or
exceed the LAC value (0,065 mg/l) were estimated 14,6 %,
17,0 %, and 27,2 % for the Stréva, Sventoji, and Merkys,
respectively.

In natural waters nitrogen-containing compounds
undergo continual cycles of turnover. Ammonium ions
are the product of biochemical oxidation of organic sub-
stances. Nitrifying bacteria, such as Nitrosomon and
Nitrobacter, oxidize ammonium ions first into nitrites,
and then to nitrates. The concentration of ammonium in
the Stréva fluctuated between 0,02 and 0,68 mg/l during
spring and summer seasons over the last 30 years, and
LAC of this ion was rarely exceeded because of vegeta-
tion which intensively assimilates ammonium. Nitrites are
detected in low amounts in natural waters because of their
short half-life. During the period of investigation the
concentrations of nitrites and nitrates in the Stréva wa-
ters fluctuated between 0,001 an 0,075 mg/l, and between
0,64 and 2,82 mg/l, respectively, whereas the concentra-
tions of phosphates varied from 0,0014 to 0,64 mg/l. In
the other two rivers the corresponding concentrations of

ammonium, nitrites, nitrates, and phosphates were as
follows: 0,01-1,91 mg/l, 0,001-0,08 mg/l and 0,014-4,7
mg/l — in the gventoji, and 0,01-1,56 mg/1, 0,001-0,098
mg/l, 0,009-2,2 mg/l and 0,0-0,3 mg/l — in the Merkys.
Noteworthy, nitrate concentrations never exceeded the
LAC value in the Merkys during the period of investi-
gation.

Comparative analysis of changes in nitrogen and
phosphate concentrations in the examined rivers has re-
vealed that the concentrations of these ions are more
likely to exceed the LAC values in the years of either a
low or medium water abundance. In the years of a low
water abundance the probability that LAC levels will be
exceeded in the Stréva was 5,3 %, 3,5 %, 6,8 % and
2,9 % for ammonium, nitrites, nitrates, and phosphates,
respectively, whereas in the years of a medium water
abundance the probability was 6,4 %, 5,8 %, 5,1 % and
74 %, respectively. LAC of ammonium in the Sventoji
in the years of a low and medium water abundance was
not exceeded. As for the Merkys, LAC of mineral nitro-
gen in the years of a low water abundance was also not
exceeded, whereas probability to exceed LAC of phos-
phate was 22,9 %. LAC excess probability in the Merkys
in the year of a medium water abundance was 8,1 % for
ammonium, 5,1 % for nitrites, whereas excess of LAC
was not observed for nitrates. LAC of mineral nitrogen
in the years of a high water abundance was not exceeded
in the Stréva and Sventoji, whereas LAC excess prob-
ability for ammonium and nitrates in the Merkys was
0,3 % and 1,3 %, respectively (no excess of the LAC
value was detected for nitrites). Probability that phos-
phate concentrations will exceed LAC in the year of a
high water abundance was estimated 12,2 % for the
Sventoji, and 26,7 % — for the Merkys, but no excessive
concentration was detected in the Stréva.

Analysis of data on average annual concentrations
of mineral nitrogen and phosphorus throughout the pe-
riod of many years has revealed that there is no consid-
erable relationship between water abundance and the con-
centration of elements (see Fig 1). However, in the case
of the Stréva the concentration of both mineral nitrogen
and phosphorus showed a decrease in parallel to a de-
crease in water abundance. This tendency was not ob-
served in other rivers. The coefficients of correlation
between the concentration (the significance level was less
than 0,05) of biogenic matter and water abundance fluc-
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Fig 3. Change of biogenic matter quantities and run-off volume in the Stréva in April

tuated from 0,04 to 0,1 indicating that there is no strong
relationship between these two parameters.

Since there was no obvious connection detected
between average manual concentrations of biogenic
matter and water discharge, next it was decided to com-
pare these two water characteristics between April and
September (i ¢ between the periods of a high and low
water abundance) throughout the period of 29 years. As
a result of this analysis, relationship between the con-

centrations of biogenic matter and water discharge was
a little tighter though still week (Figs 2, 3). In April the
coefficients of correlation between mineral nitrogen and
water discharge and mineral phosphorus and water dis-
charge were, accordingly, 0,03 and 0,26 for the Stréva,
0,26 and 0,14 for the gventoji, 0,11 and 0,02 for the
Merkys, whereas in September corresponding pairs of
correlation coefficients were as follows: 0,23 and 0,15,
0,34 and 0,31, 0,004 and 0,1.
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Analyses of changes in biogenic matter amounts and
run-off volumes are presented in Fig 3. These data show
that, throughout the period of 30 years, the volume of
water run-off in the Stréva changed in the range of 0,01—
0,029 km? in April, and 0,005-0,016 km? in September,
the amounts of washed out mineral nitrogen and phos-
phate were, respectively, 0,11-1,41 kg/ha and 0,019-
0,4 kg/ha in April, and 0,004—0,2 kg/ha and 0,003—
0,27 kg/ha in September. As for the Sventoji, the run-
off volume changed from 0,34 to 1,17 km® in April and
from 0,07 to 0,46 km® in September, whereas washout
of nitrogen and phosphorus in April was, accordingly,
0,808-2,89 kg/ha and 0,010-0,08 kg/ha, and in Septem-
ber — 0,009—-1,07 kg/ha and 0,0009-0,143 kg/ha. Run-
off volume in the Merkys fluctuated from 0,24 to
1,74km?3 in April and from 0,13 to 0,38 km? in Septem-
ber, and the washout of mineral nitrogen and phospho-
rus in April was, respectively, 0,15-2,95 kg/ha and
0,024-0,687 kg/ha, whereas in September — 0,05—
0,58 kg/ha and 0,005-0,55 kg/ha. In all the examined
rivers the water run-off is lower in September, and the
amount of washed out matter is also lower compared to
that of other months.

A plausible explanation for observed weak connec-

tion between the amounts of washed out mineral nitro-
gen and phosphorus and run-off volumes can be possi-
bility that water sampling, which was carried out once a
month, may incompletely represent an exact dynamics
of changes in the concentrations of substances.

The results obtained in the summer of 2002 are
presented in Fig 4. These data demonstrate a direct in-
terdependence between biogenic matter concentrations
and water discharge, with the coefficients of correlation
0,86, 0,99, and 0,63 for the Stréva, Sventoji, and Merkys,
respectively. Long-term studies are needed in order to
foresee any consistent pattern which would provide for
forecasting.

6. Conclusions

1.Analysis of manual data on mineral nitrogen and
phosphorus concentrations and water discharge in rivers
obtained during the period 1974-2002 allows us to con-
clude that there is no dependence between the substace
concentrations and river water abundance. This was in
line with the regressive analysis data showing changes
in correlation between 0,04 and 0,1.

2.Analysis of the same type of data from the same
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period but keeping within the bounds of two seasons
with different water abundance, which were represented
by April (high water abundance) and September (low
water abundance) revealed a considerably closer corre-
lation between the substance concentrations and water
discharges. The coefficients of the correlation varied from
0,3 to 0,6.

3. After accomplishing additional sampling of sur-
face waters (3 times a month) and after their analysis, it
was determined that dependence between nitrogen and
phosphorus concentrations and yields is rather close, the
coefficients of correlation changed from 0,5 to 0,99.
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BIOGENINIU MEDZIAGU POKYCIU DINAMIKA
PIETRYCIU LIETUVOS UPIU VANDENYSE
SKIRTINGO VANDENINGUMO LAIKOTARPIAIS

L. Bagdziuinaité-Litvinaitiené
Santrauka

Vandens apsauga yra viena i§ visapusiSkiausiy reguliuoja-
my ES aplinkos apsaugos sri¢iy. Norint prognozuoti vandens
ekosistemy biiklg butina jvertinti jy ilgalaike kaita.

Straipsnyje nagrin¢jama trijy Pietry¢iy Lietuvos upiy (Stré-
va, Merkys, Sventoji) vandens kokybé per tris pastaruosius de-
Simtmecius. Analizuota priklausomybé tarp biogeniniy medzia-
gu (mineralinis azotas ir fosforas) koncentracijy bei kiekiy kiti-
mo ir upiy vandeningumo. Tiriant 30 mety laikotarpio metinius
biogeniniy medziagy koncentracijy bei debity duomenis nusta-
tyta, kad priklausomybés néra. TaCiau nagrinéjant tam tikrais
ivairaus vandeningumo laikotarpiais, i$skiriant ménesiais, aki-
vaizdi sasaja, koreliacijos koeficientas kinta nuo 0,3 iki 0,6.
Paémus papildomus pavirSiniy vandeny méginius (3 kartus per
meénesj) nustatyta, kad priklausomybé tarp biogeniniy medzia-
gu ir debito yra ryski, koreliacijos koeficientas kinta nuo 0,5
iki 0,99.

RaktazodZiai: mineralinis azotas, mineralinis fosforas,
nuotékio turis, debitas.

JTAHAMMKA BUOTEHHBIX BEIIECTB B BOJIAX
PEK IOI'0O-BOCTOYHOM JINTBbI B IMEPHO/IbI
PASHOM BOJOHOCHOCTH

JI. barmkoHaiite-JIuTBuHaliTeHe

PesowMme

Bopnas 3amura — omHa M3 Hambolee BCECTOPOHHE pe-
TYIUPYEMBIX 00JacTell KOHTPOIs 3a OKpyskaromieit cpemoii B EC.
UYro6Bl MPOrHO3UPOBATH CTATYC BOXHON 3KOCHCTEMBI, HEOOXO-
MO OLIEHHUTH €€ JOJITOCpOoYHble U3MeHeHUs. PaccMoTpeHo Ka-
YeCTBO BOJBI TpeX pek roro-BocrouHoi JIuteel (CtpeBbl, Mep-
kuca, [lIBIHTOIN) B T€UEHHE TpeX MPONLIBIX AecsaTmieTuit. [Ipo-
aHAJM3UPOBAHA 3aBUCHMOCTh MEXAY BOJOHOCHOCTBIO PEK H
HM3MEHEHHEM KOJIHIECTBA M KOHIEHTPAI[MN OMOTCHHBIX BEIEeCTB
(MuHepanbpHOTO a30Ta U docdopa). Ha ocHoBaHMK aHaIM3a €xXe-
TO/IHBIX JTAaHHBIX O KOHIIGHTpALMK OMOTCHHBIX BELIECTB U JiebuTa
B TeueHne 30-JIETHEro mepuoaa ObUTO YCTAHOBJICHO, YTO TAKOM
3aBUCHMOCTH HE cymecTByeT. OfHaKo OHa TOSBISAETCS, KOTZAA
AQHANM3UPYIOTCS OTAENBHbBIE IEPHOABI Pa3HOH BOJOHOCHOCTH IO
MecsaM, kKodpduimeHT koppesuuu konednercs ot 0,3 mo 0,6.
[Tocne B3aTHs JOIOJHUTEIBHBIX BBIOOPOK (3 pasa B Mecsilr) Io-
BEPXHOCTHBIX BOJI OBLIO YCTAQHOBJICHO, YTO 3aBHCUMOCTD MEXKLY
OMOTCHHBIMH BEIIECTBAMH U JICOUTOM SIBIISICTCS CHIIBHOM, K03(-
¢unmeHT xoppemsnun konebnercs ot 0,5 mo 0,99.

KiiodeBble cj10Ba: MHHEPAJIbHBIA a30T, MUHEPAJIbHBIN
¢dbocdop, 00beM CTOUHBIX BOJ, ACOHT.





