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Abstract The consistent patterns of chemical composition of wet deposits and drainage runoff concentration
have been permanently studied in two stationary sites in the Middle Lithuania for the last decades since late
1980s. The results of simultaneous observations presented in this paper show that the concentration of SO,*-S,
Mg™, PO, ’-P,NO,-N, NH,*-N and Ca*in wet deposits positively correlates with the concentration of these ions
in dramage runoff water (R 0.59,0.61, 0.51, 0.49, 0.42 and 0.35, correspondingly, R ;=0.35). A sharp decrease
in SO,?-S concentration from 5. 51t02.5 mg I Uand periodical decrease versus increase in NO.~N and NH,™-
N concentration and load are determined in the agroecosystems studied from 19881989 with short intervals
to 2007. This outcome has mainly an economic character: impact of changes in animal numbers, increase of
transport load, fuel consumption and industrial emissions.
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INTRODUCTION

Atmosphere deposits are involved in the water cycle
and migration of matter. They can carry and load large
inputs of different nutrients which occur on the soil
surface or in deeper layers and can leach with drainage
runoff to the nearest streams (HELCOM 2002).
Rosenberg et al. (1990) estimated that about 50% of
the nitrogen load on the overall Baltic Sea arises from
atmospheric deposition. Lindfors et al. (1993) have
found during their field studies that dry deposition
contributes to between 10 and 30% of the atmospheric
nitrogen input to the Baltic Sea (Hertel ez al. 2003). The
history and forecast of the main emissions in Europe
has been compiled and calculated by Schopp et al.
(2003). The estimations showed that the emissions
of acidifying gases in Europe peaked in the 1970s,
just before the implementation of the International
Protocols. By 2000, sulphur deposition had decreased
by >50% and nitrogen by ~20% (Wright et al. 2005).
Further decreases are predicted for the next 20 years if
the Gothenburg Protocol, which sets emission ceilings
for 2010 for four pollutants — sulphur, NOx, VOCs

and ammonia — and other national legislations are
implemented. Mean nitrogen throughfall deposition
ranged from 9.1 to 11.0 kg ha'yr! measured in
2000-2005 for about 220 plots in Europe. The nitrate
deposition ranged from 4.6 to 5.7 kg ha' yr'! (Ulevicius
et al. 2009).

The periodical analysis of wet precipitation in
Lithuania was started since 1980 (Juceviciené 2003).
The impact of precipitation rate on the drainage dis-
charge/runoff and amount of main nutrients leaching
is presented and discussed in the scientific papers of
many authors (Deelstra et al. 2009; Gustafson 1988;
Fagerberg et al. 1993; Djodjic et al. 2004; Tumas
1997 and 1999; Guzys 2002; Guzys, Arlauskiené
2001; Povilaitis 2004 and 2006; Gaigalis et al. 2007;
Smitiené ez al. 2005; Masauskas et al. 2006; Sileika
et al. 2005; Buciené et al. 2007). However there are
too few findings concerning the direct relations of
chemical composition of wet atmosphere deposits and
that of drainage runoff obtained through simultaneous
observations and measurements of these variables in
the same sites (BucCiené et al. 1995; Sileika, Gaiga-
lis 2007; Augustaitis et al. 2008). The objective of
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this research is to reveal the relations between the
concentrations of wet deposits and those of drainage
runoff in a long time-scale (from the late 1980s till
nowadays) using data of periodical and simultaneous
measurings. In addition it was necessary to focus on
the reasons which enabled the changes in different
nutrient loads at various time-periods. In order to fulfil
these tasks the data obtained in two research sites of
the Middle Lithuania: Akademija and Graisupis, with
agroecosystems dominated in the landscape have been
analysed. The results of the analysis are presented and
discussed below.

DATA AND METHODS

The environmental monitoring in Lithuania started
in 1967 (Girgzdys 2000). Though the monitoring
network was expanded, the chemical composition of
wet deposits was measured only in four main sites:
Zemaitija, Aukstaitija and Dzikija National Parks
(further NPs) and Preila atmosphere research station
(further ARS) (Fig. 1). Currently the measurements in
Dzukija NP are cancelled.

In the Akademija research site, LIA, the matter
migration experiment has been initiated in 1988 in
order to study the different crop management systems;
since then till 2000 the samples of wet precipitation
for chemical analysis have been taken and analysed
periodically (monthly or two time per month). The
sampling has been fulfilled using precipitation recei-
ver at 0.5 m height connected with a 3-litre bottle and
fixed on the meteorological ground. Nitrate nitrogen is
analysed potentiometrically, ammonium nitrogen and
P are determined photometrically, and K is measured
by flame photometry. Sulphate sulphur is analysed
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by turbidimetric method, calcium and magnesium
is analysed trilonometrically, pH is measured poten-
tiometrically. Data on quantity of wet deposits have
been taken from Dotnuva Agrometeorological station
located in Akademija research site.

The sampling of wet deposits started in 1997 for
pH, nitrogen, phosphorus and other element analysis
in the Graisupis agromonitoring site continues up to
now. Nitrate is determined photometrically, total N is
determined by its oxidation with peroxodisulphate to
nitrate, followed by a photometry using phenol disul-
foacid. Phosphates are analysed photometrically using
ammonium molybdate and total P by the same method
after its oxidation using potassium peroxodisulphate.
Potassium is determined by flame photometry, pH is
measured potentiometrically, and ammonium nitrogen
is determined spectrometrically. The same elements
have been determined in the drainage runoff water
samples periodically (BEAROP in Lithuania 1997).

In Scandinavian countries, like Sweden, the method
of small drainage plots has been used for the research
on comparison of different fertilization, crop and soil
management treatments. The drainage system site is
usually equipped with modern discharge measuring
and sampling equipment, portative meteorological sta-
tion (data-loggers, automatic samplers), that allows to
make different research simultaneously. Drainage sys-
tems in Sweden are designed small — about 0.10-0.09
ha each (Gustafson 1988). The method of small drai-
nage plots (1.4-5.9 ha) was first applied in Lithuania
in 1963 to compare the water balance elements in the
drained and not-drained soils (Buciené et al. 1995).
Later even smaller drainage plots were designed for
the research purposes.

Physical-geographical conditions in Graisupis
watershed, covering the area of 1415 ha, are typical
for the Middle Lithuania. The watershed includes
the Graisupis upstream
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Fig. 1 The national network of air quality monitoring in Lithuania and the agro-monitoring of drainage runoff started

sites in the Middle Lithuania: Akademija and Graisupis. Adopted from http://oras.gamta.lt/
cms/index?rubricld=42123d1£-77ae-4fcd-bdcb-33dfcfc0500c. LKS-94, © 2010, Nacionaliné
zemes tarnyba prie Zemés Gkio ministerijos. Compiled by A. Bucien¢, 2012.
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of grass agroecosystems on both arable land and the
pasture. A drainage runoff data logger, constructed at
the outlet of the drainage system, has recorded leaching
from the fields. For drainage discharge measurements,
the V-notch (a =90°) Thomson weir is used, and water
samples have been collected once a month for analysis.
The analyses have been conducted at the laboratory of
the Water Management Institute.

Crop management experiment in Akademija site has
been performed also on Endocalcari-Endohypogleyic
Cambisols consisting of sandy-loam and light loam in
their texture (Fig. 2). The drainage plots in Akademija
experimental site range in size from 0.34 to 0.38 ha
each (32x107-119 m). Field drains are placed mainly
at a depth around one metre in a 16 m distance on the
average. Drainage water flow is registered continuously
by a water-stage recorders. The site was previously

Number: #om 160 10 meanieparalke didnage plok In Salemia thalonary

Fig. 2 A. Graisupis stream monitoring post and landuse
in the watershed (upper figure; photo by K. Gaigalis). B.
Soil map of the drainage runoff measuring stationary in
Akademija site (lower figure; after A. Buciené et al. 2007).

managed as a long-term

runoff accumulated during certain time period by the
element concentration.

For the calculation of relations between the concen-
tration of wet deposits and drainage runoff in Akademija
site two treatments have been chosen: long-term pasture
(LTP) and reference plot (REF) with four different crops:
winter wheat, potatoes, barley with clover undersow, and
first-year ley. During the second rotation potatoes have
been changed by rape-seed. For regression-correlation
analysis between different variables STAT ENG for
EXCEL vers. 1.55 have been used.

RESULTS

The factors, influencing the leaching of chemical
elements with drainage runoff might be divided to
the physical, anthropogenic and mixed. Two of these
three are shown in Fig. 3. The precipitation rate is
recognized as one of the most important physical
factors, that effects on the nutrient leaching results,
and the chemical composition of wet deposits is one
of the mixed factors, that has been focused on in this
research, particularly.

The long-term average precipitation in Dotnuva
agrometeorological station is ranging in different mont-
hs as it is shown in Fig. 4a. The average monthly rate
from 1994 to 2010 was distributed close to it, except
for October. The annual precipitation rate and the trend
for 1994-2010 in mm is presented in Fig. 4b. Data
show the slight increase trend which is a consequence
of global climate warming in this latitude.

During the study period from 1994 to 2010 the
meteorological situation was varying from the wet-
test hydrological years of 1997-1998, 1998-1999
and 2009-2010, to the driest ones — 1995-1996,
2002-2003, 2003-2004, 2005-2006 while the rest
years were notable for medium values of precipitation
and discharge rate. The data on monthly precipitation
rate and drainage runoff values in REF, LTP treatments
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king cows (Buciené et al.
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Fig. 4 Average monthly precipitation in mm in 1994-2010 plus standard
deviation and many years average in Dotnuva agrometeorological station (a);
annual precipitation rate and the trend for 1994-2010 in Dotnuva station (b);
monthly values of precipitation rate and drainage runoff in mm in the REF
and LTP treatments of Akademija site and Graisupis site in 1995-2011
(c). Compiled by A. Buéiené and K. Gaigalis, 2012.

(Akademija site) and Graisupis site
(Fig. 4c) show, that drainage runoff in
normal years makes about 20%, in wet
years — close to 40% and in dry years
about 7-10% of annual precipitation
amount on the average.

The results of monthly chemical
analysis of wet deposit samples have
shown large deviation from the long-
term annual average, and they have
revealed some trends in time-scale in
both research sites (Tables 1, 2). The
Akademija site is found to contain the
highest amounts of SO,-S and NH,*-
N in wet deposits in 1988—1989. Later
they were lower due to a development
slowdown both in agriculture and in-
dustry. On the contrary, the contents of
Ca and Mg in wet deposits are obtained,
on the average, lower in 1988-1989
than in the following years. The highest
contents of ammonium nitrogen in wet
deposits at Graisupis site are determi-
ned in summer months, particularly
in June, while the peak in phosphate
phosphorus is in autumn months.

During 1988-1989 in Akademija
site, the 11.5 kg ammonium nitrogen
and 2.4 kg nitrate nitrogen, in total 13.9
kg of mineral N, as well as 0.3 kg PO -
P,4.5kgK, 29kgSO -S, 20kgofCa
and 5 kg of Mg ha'! is ‘estimated to be
deposited on the average per year (Fig.
5a). However, from 1990, because of
economic slowdown the fuel consump-
tion and industry decreased several
times. The analysis from 1994 to 1999
has shown the decrease in nitrogen and
sulphur, but slight increase in Ca and
Mg deposits (Fig.5b). During that pe-
riod 7.6 kg of mineral nitrogen (1.9 kg
nitrate nitrogen and 5.7 kg ammonium
nitrogen), 0.35 kg PO,-P, 4.3 kg K, 9.6

Table 1 Average annual concentration of the main nutrients in wet deposits in mg 1! in Akademija site.

Year S0,%-S NO,-N NH,-N PO, -P K Ca® Mg

1988 | 5.54+1.05 | 0.83+0.14 | 230+0.58 | 0.070£0.010 | 1.00£0.19 | 4.16£0.66 | 1.45+0.24
1989 | 5.48+0.89 | 037x0.17 | 2.57+0.35 Nd 1.38£0.28 | 3.41:0.62 | 0.98+0.11
1994 | 1424028 | 0.10:0.01 | 0.84:0.27 | 0.040+0.028 | 0.63+0.14 | 831191 | 1.13£0.25
1995 Nd 1.16+1.00 | 0.39£0.20 | 0.08040.038 | 0.23+0.17 | 4.45:2.43 | 0.730.12
1996 | 3.05£0.62 | 0.25:0.17 | 0.82+0.09 | 0.030£0.006 | 1.11+0.24 | 4.44+123 | 1.51£0.50
1997 | 120+0.20 | 1.15:0.58 | 0.79+0.27 | 0.110+0.030 | 1.71£0.44 | 5.02+1.86 | 1.51:0.49
1998 | 1.84+0.15 | 0.0320.02 | 0.47+0.18 | 0.054£0.022 | 0.29+0.12 | 8.22+6.44 | 4.57+4.01
1999 | 1.87+0.05 | 031030 | 139:0.48 | 0.158+0.100 | 2.44+1.06 | 4.06x0.80 | 0.97+0.01

Nd — not determined.
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Table 2 Average annual concentration of the main nutrients in wet deposits in mg 1!
and total number of animals in Demonstration farm of Graisupis site.

The increase in element
contents in wet deposits is

Total number accompanied by that in draina-
Year NO,-N NH,*-N PO,*-P K* of animals ¢ runoff in accordance to the
exponential curve for SO,-S
1996 | 0.53£038 | 0.95£0.54 |0.020:0.015| Nd 21 (R=0.59), and Ln(x) for Mg
1997 1.26+1.17 | 1.39+1.14 | 0.128+0.096 Nd 41 and Ca (R=0.61 and 0.35, con-
1998 | 0.28+0.18 | 0.890.70 | 0.039+0.036 | 4.04+3.67 65 sequently; R,=0.35) in REF
1999 | 1.020.58 | 2.24+1.43 Nd 5.56:3.85 64 treatment. But the correlation is
found to be unreliable between

2000 0.82+0.37 | 1.72+0.83 | 0.137£0.100 Nd 64 . .
the concentration of different
2001 | 0.84+0.44 | 1.43+0.54 |0.027+0.021 | Nd 85 nitrogen and phosphorus forms
2002 0.91+0.50 | 2.19+1.53 | 0.276+0.231 Nd 104 and potassium in wet deposits
2003 | 0.83+0.74 | 2.39+1.43 | 0.156£0.140 Nd 153 and drainage runoff (P>0.05) in
2004 | 1.10£0.66 | 1.51=1.21 |0.090£0.059 | Nd 175 the REF and LTP treatments. In
2005 0.94+0.70 | 2.85+1.86 | 0.062+0.049 Nd 204 Gralsupls site, the contents of
D00 | 28%1.%0 | D00, PO,>-P, NH,*-N and NO,-N in
2006 | 2.57+233 | 2.07£1.05 |0.120:0.103 |  Nd 220 drainage runoffare dependent on
2007 1.02+0.69 | 2.09+1.07 | 0.058+0.017 Nd 270 the contents of these substances

kg SO,-S, 36.2 kg Ca and 7.0 kg ha"' Mg is deposited
on the average per year.

In Graisupis site (Fig. 5a), the load of ammonium
nitrogen is shown to increase from 5 to 12 kg ha! from
1996 to 2007, the same for nitrate nitrogen is observed
from 3 to 6 kg ha'!, and the sum of both nitrogen forms
has increased from 9 to 12 kg ha'! on the average. The
deposition of phosphate-phosphorus has not changed
during that research period in Graisupis site. If to
compare the results for 1996-1999 in both sites, they
look quite relevant for the 1996-1998, but differ for
the year 1999 concerning ammonium nitrogen load
that is more than two time higher in Graisupis than in
Akademija. Probably, the difference might be due to
the increase in animal number in the Demonstration
farm situated on the Graisupis watershed (Gaigalis et
al. 2006) and because of impact of higher industrial
emissions in Kédainiai district with recovery of econo-
mics in further years. The increase in car number and
transport intensity started already in 1994 in Lithuania
that might have also influenced the total emissions of
nitrogen in Kédainiai district as well (Table 3).

In 1988-1989. the average pH of wet deposits in
Akademija site is found to be about 6.6 (slightly acid).
Since then it increases to 7.0 and more in 1994-1995,
while in 1996 pH drops again to the 6.6 level (Fig. 5c).
The second alkalisation period has lasted longer than
1999, even up to 2002, as data from Graisupis site de-
monstrate, but from 2003 pH of wet deposits becomes
neutral, except the 2008 peak up to 7.5. Among the exa-
mined cations and anions in wet atmosphere deposits,
the SO,>-S, Mg and Ca'? show a significant impact
on the drainage runoff concentrations on Cambisols in
Akademija site (Fig. 6, three upper graphs).

in wet deposits (Fig. 6, three
lower graphs): R=0.51, 0.49,
0.42, R ,=0.42). Also there is a tendency observed
in the correlation between concentration of K*in wet
deposits and drainage runoff (R=0.34, P close to 0.05),
but the data for K™ are obtained for 1998—1999 only.
At the same time the negative correlation between
the amount of wet atmosphere deposits (mm) and the
concentration of NH,*-N, mineral nitrogen and SO, *-S
in mg 1" in Akademija site is estimated (Fig. 7 a, b, ¢).
Other examined nutrients like Ca?, Mg, K*, NO,-N
and PO,?-P show the tendency of the same character
(P>0.05). In Graisupis site, such a tendency is observed
for phosphate phosphorus only (P > 0.05).

DISCUSSION

According to the results obtained in Akademija site,
sulphate sulphur load decreases from 29 to almost
10 kg ha'! year' from 1988-1989 to 1994-1999
on the average. This decrease is mainly due to the
drastic drop in sulphate content in wet deposits and
that is in accordance to the research results obtained
in different countries (Anderson, Downing 2006;
Hertel et al. 2003; Schopp et al. 2003; Kopacek et al.
1997; EMEP 2004; Matzner 1989) as well as in other
places of Lithuania (Jasinevi¢ien¢, Sopauskien¢ 1999;
Sopauskiené, Budvytyté 1994, 1996). For example,
sulphate contents in wet deposits decrease almost
twice from 1994 to 1998 in the monitoring stations
of NPs Aukstaitija, Zemaitija and Dzukija, the later
changes up to 2003 are not significant (Augustaitis
et al. 2006). Sulphur and other ions in wet deposits
have not been analysed after 1999 in Akademija. But
according to the data obtained in other Lithuania towns
and rural landscapes of that period (Jucevi¢iené 2003;
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Bauziené 2005) it is evident that there are no changes
in SO,-S contents in 2000-2003 as compared to the
1995-1999 period. Consequently, the sulphur content
in wet deposits remains at the same level. Similar
trends have been observed in Germany, Poland and
Latvia (EMEP 2004).

The research fulfilled in Zemaitija, Dzikija and
Aukstaitija NPs as well as Preila ARS has shown
the prevalence of alkalinisation of precipitation in
1994-1998 in Aukstaitija and Dziikija NPs territory,
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economy. The research in
NPs and Preila ARS does
not show such a tendency
(Sopauskiené, Jasinevi¢iené
2006), thus it could be the
local phenomena.

In general, the precipita-
tion amount in the Middle Li-
thuania according to the data
of Dotnuva station shows a
slight trend of increase from
1994 to 2010, and it is in accordance to other investi-
gations conducted in the Eastern Lithuania, Aukstaitija
NP, from 1994 to 2004 (Bauziené 2005). All this is
thought to be a consequence of global climate warming,
However at the same time, a tendency of decrease in
precipitation rate during the vegetation period, and its
increase in the cold season is observed (Pauliukevi¢ius
2004; Rimkus et al. 2009). From the ecosystem point
of view this is more threatening because the plants and
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crops use a little water and nutrients from soil during
cold season, thus they can easy be leached with higher
precipitation and drainage runoff amount. The nitrogen
is one of nutrients most vulnerable for leaching during
the cold season.

Table 3 Total number of road vehicles and individual cars in Lithuania in 2000-2009 and
total emission in tons from stationary sources in Kédainiai district.

The content of nutrients SO,>-S, Mg**, Ca, NO;’
-N, NH,*-N and PO,>-P in wet deposits positively
affected that in drainage runoff on the Cambisols
of Middle Lithuania. A non-linear user-specified
regression applied for the yearly observation data in
three agricultural watersheds in the western (LyZena),
middle (Graisupis) and south-eastern (Vardas) parts
of Lithuania has revealed, that the precipitation plays
the key role in N contents in these streams (R?>=0.72
and R?=0.61). The N content in the LyZena stream
depends mostly on N content in precipitation and
weather temperature (R?>=0.58 and R?=0.54) (Sileika,
Gaigalis 2007).

The negative correlation between the amount of
wet atmosphere deposits (mm) and the concentration
of ammonium nitrogen, mineral nitrogen and SO,-S in
mg ' has been determined in the Akademija site. This
can be explained by the fact, that with higher amount
of precipitation, the air mass is more washed up and
thus contains less ions than that washed by the lower
precipitation amount (Kvietkus et al. 2011). The same
trends have been determined in the NPs and Preila
ARS (Sopauskieng, Jasineviciené 2006).

Still there are many unsolved issues with phosp-
horus load with deposits. Some authors refer that dry
deposition could be more important than wet, because
P deposition originates from soil and does not become
incorporated into rainfall to a great degree (Ander-
son, Downing 2006). And opposite, it is suggested
(Peters, Reese 1995) that P in dry deposition may
be quite readily available to biota (such as algae and
Cyanobacteria) compared to wet deposition, as there
is a greater percentage of soluble reactive phosphorus
in dry deposition. Thus, the analysis of both P in wet
and dry deposition should receive more emphasis in
a future research.

CONCLUSIONS

The trend of increase in annual precipitation rate
as a consequence of the climate warming has been
determined from 1994
to 2010 in the middle
of Lithuania according

to the data of Dotnuva
agrometeorological

station. The acidification

of wet deposits is

Year Total num‘per of Of that total Total em.ission fr.om'ste.ltio.nary
road vehicles number of cars sources in Kédainiai district, t

2000 1286 392 1 065 415 No data available

2001 1383 724 1116473 1990

2002 1479 099 1180718 No data available

2003 1580476 1260 034 No data available

2004 1 634354 1318562 3000

2005 1 789 657 1457954 No data available

2006 1 950 302 1 595928 2895

2007 1973 622 1 596 186 3416

2008 2 106 848 1 704 063 3149

2009 2133720 1726 462 2767*

* For the beginning of year 2010. Web source: http://www.stat.gov.1t/It/pages/view/?1d=2463

observed in 1988-1989,
and in 1995-1996, and
alkalinisation is seen in
1997-2002 and 2007—
2008. The decrease in
sulphate sulphur load
from 29 to almost 10 kg
ha! year! and mineral
nitrogen from 13.9to 7.6
kg ha'! year!, also slight
increase in calcium and
magnesium has been
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Fig. 7 Correlation between amount of wet atmosphere de-
posits (mm) and the concentration of ammonium nitrogen
(a), mineral nitrogen (b), and SO,-S in mg 1! (¢), Akademija
site. Compiled by A. Buciené, 2012.

taking place from 1988—-1989 to 1994—1999 due to the
economy reduction: decrease in transport load, fuel
consumption and industrial emission.

The tendency of increase of both ammonium and ni-
trate nitrogen concentration and load of these nutrients
in wet deposits has been observed from 1999 to 2007.
This could be related to the increase in animals
number in the Demonstration farm and also to the
impact of higher industrial emission due to economy
recovery. The road traffic began to increase signifi-
cantly from 1994 because of a rise in vehicles number.

The phosphate phosphorus and potassium concen-
tration and load with wet deposits does not change
during the period studied. The contents of SO,>-S,
Mg™, Ca™, NO,-N, NH,*-N and PO,>-P in wet depo-
sits positively affected those in the drainage runoff on
the Cambisols of the Middle Lithuania. The negative
correlation between the amount of wet atmosphere de-
posits (mm) and the concentration of NH,*-N, mineral
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nitrogen and SO,?-S in mg 1" has been determined in
the Akademija stationary site.

In a future research, more attention is to be given
to both the chemical composition and amount of wet
and dry deposition and its impact on chemical compo-
sition of drainage runoff. Different forms of P should
be analysed in wet and dry atmosphere deposits in the
first order, because this nutrient is among the most
responsible elements in water eutrophication.
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