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Abstract
The article provides the research data on the variation of organic matter in the Jaugila Stream, which flows through 
drained fields fertilized with organic fertilizers. The aim of the research was to determine the effect of manure 
application in drainage basin to the changes of organic matter concentration in the Jaugila Stream.
Water samples for chemical analysis were taken once a month from the drainage water and the river. The samples 
from the river were taken upsream and downstream manure fertilized fields and the drainage water – from the outlets 
of the drainage system, which drains the fertilized area. Water analysis was performed by the Analytical Laboratory 
of Chemical Analysis of the ASU Water Research Institute. BOD7 was determined by titrometric method. 
The research has shown that a greater impact on the increase of BOD7 concentrations in the Jaugila Stream was due 
to the stream water, saturated with the organic matter, flowing from the upstream areas, rather than the drainage water 
flowing into this stream from manure fertilized area. The assessment of BOD7 concentrations according to the water 
quality requirements for surface waters determined that in most cases the water of the Jaugila Stream, both in above 
and below fertilized areas, was in a very good or good ecological status. The impact of manure fertilized areas on the 
organic matter concentration in the stream was determined to be minimal, as the statistical analysis of the data has 
shown that the difference between BOD7 concentrations above and below fertilized areas is negligible.
Key words: BOD7, concentration, drainage water, ecological status, surface water.

Introduction
A diffuse source agricultural pollution has a big 

impact on the status of water bodies (Ballantine & 
Davies-Colley, 2014; Ilijevič et al., 2012). Due to the 
intensive development of agricultural activity in the 
Middle Lithuanian Lowland, where the most fertile 
soils of Lithuania are located, the water quality of 
streams in this region is greatly impaired. Especially 
where livestock is being developed (Wen et al., 2017). 
Organic fertilizers formed on the farm are spread out 
in the fields, but due to unfavourable meteorological 
conditions some of them are washed out into  
surface waters. A decreasing trend of water  
pollution in streams has recently been observed. 
According to the 2011 – 2017 National Environmental 
Monitoring data, 51% of rivers and 40% of lakes 
in Lithuania still do not meet the criteria for good 
ecological status (Valstybinio..., 2016). From the 
organic pollution point of view, the river water 
quality was determined to be slightly better,  
except for the Sesupe sub-basin, where high 
concentrations of biochemical oxygen consumption 
over 7 days (hereinafter – BDS7) were identified, 
which correspond to a very bad and bad water quality 
(2016 m. upių..., 2016).

The Water Framework Directive obliges the EU 
Member States to take the necessary measures to 
prevent the deterioration of the status of surface and 
groundwater bodies and to achieve their good status 
by 2015 at the latest. However, if failing to do so, this 
term is proposed to be extended until 2021 or even 
until 2027 (Dėl vandenų..., 2017). The analysis of the 
status of the surface water bodies in Lithuania has 

shown that it is improving, but not enough. On the 
1st February 2017, the Government of the Republic  
of Lithuania has adopted a resolution ‘On the 
Approval of the Program for the Development of  
the Water Area During 2017 – 2023’ which states that 
the focus will be on prevention of water pollution 
during the mentioned period. One of the tasks is to 
reduce the pollution of water bodies from agricultural 
pollution sources.

Diffuse source pollution is greatly increased by 
the livestock farms, which produce large amounts 
of manure. To ensure a proper use of nutrients from 
the organic fertilizer, fertilization plans are being 
developed. However, the occurring natural processes 
are not always manageable; therefore, there are cases 
when nutrients are washed out of the soil. The fact that 
organic pollutants are in surface water can be judged 
by biochemical oxygen consumption concentrations: 
when they are high, it can be claimed that the water 
body is contaminated (Simon et al., 2011). In manure 
fertilized fields when the drainage water is lacking 
oxygen, the concentration of organic matter increases 
(Malik, 2016). In drained cultivated areas, such water 
quickly reaches the surface water bodies by drainage 
and contaminates them.

The aim of the research was to determine the effect 
of manure fertilized fields on the changes of organic 
matter in the Jaugila Stream.

Materials and Methods
Drainage and surface water quality research was 

conducted during 2008 – 2012 (Figure 1). The area 
selected for research is fertilized by cattle manure, 
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making from livestock farm (629 conditional 
livestock). Drainage water flows into the stream via 
drainage outlet. The area of the drainage system is 
27.1 ha. Jaugila is a stream of Nevezis River basin 
flowing through cultivated land. It is the left tributary 
of the Smilga Stream. The length of the sream –  
33.2 km, the basin area – 61.8 km2. The Jaugila Stream 
valley from its springs to 28.9 km is regulated. It is 
assigned to the risk group of water bodies due to water 
quality and straightening (Aplinkos..., 2010).

To fertilize the research fields, litter-free manure 
of cattle was used, and the fertilization took place in 
spring. According to the fertilizing value of manure, 
the following contents of total nitrogen passed into 
manure-fertilized fields each year: 2008 – 169 kg 
ha-1, 2009 – 168 kg ha-1; 2010 – 169 kg ha-1, 2011 –  
169 kg ha-1, 2012 – 170 kg ha-1. Ptotal passed into 
the fertilized fields as follows: 2008 – 23 kg ha-1,  
2009 – 27 kg ha-1; 2010 – 28 kg ha-1, 2011 – 34 kg ha-1,  
2012 – 36 kg ha-1. Potassium passed into the 
fertilized fields as follows: 2008 – 239 kg ha-1, 2009 –  
197 kg ha-1; 2010 – 202 kg ha-1, 2011 – 260 kg ha-1, 
2012 –223 kg ha-1. Maize for cattle forage was grown 
in experimental fields. 

To determine the rainfall and air temperature, 
data from Dotnuva Meteorology Station were used 
(Table 1). 

Precipitation had distributed unevenly in the object 
during the research period. During the whole research 
period, the precipitation amount was higher than the 
climate normals from 1% in 2008 and 2001 to 30% in 
2009. Precipitation, 28% over the climate normals, has 
fallen in 2010 and 2012. The average air temperature, 
higher than the climate normals, was in 2008, 2009 
and 2011, +1.5, +0.2 and +0.9 respectively, and lower 
than the climate normals in 2010 and 2012, -0.8 and 
-0.3 °C respectively.

During the wet years, 2009 and 2012, the drainage 
operated throughout the year, except in 2010, when, 
due to a very low average air tempetature in January 
(-10.7), February (-4.4), and March (-0.2), there was 
no drainage runoff. During the dry year in 2008, the 
drainage runoff during May – October months did not 
form due to 47.8 mm lower precipitation amount and 
0.4°C higher air temperature compared to the climate 
normals. In 2011, a dry year as well, the drainage 
operated throughout the year (during summer-autumn 
time the precipitation amount was 30.7 mm higher 
than the climate normals), except February when 
the average air temperature was -7.7 °C (the climate 
normals: -3.3 °C).

Water samples for chemical analysis were taken 
once a month from the subsurface drainage system 
which is installed in the fertilized area and the 

Figure. 1. The scheme of research object. Ja – Jaugila stream’s water sampling point  
above manure fertilized area, Jž – Jaugila stream’s water sampling point below  

manure fertilized area, Dr – subsurface drainage outlet.
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stream. The samples from the stream were taken at 
the points situated above and below the fields under 
fertilization. The drainage water samples were taken 
from the drainage outlet. Water analysis, according to 
the methodology provided in literature (Unifikuoti…, 
1994), was performed by the accredited Analytical 
Laboratory of Chemical Analysis of the ASU 
Water Research Institute. BOD7 was determined by 
titrometric method (Vincler), with the difference in 
oxygen level being calculated after seven days of 
incubation. 

The surface water bodies’ quality is currently 
assessed according to “The Surface Water Bodies’ 
State Evaluation Methodology” approved by the 
Minister of Environment of the Republic of Lithuania 
(Paviršinių..., 2010). According to this methodology, 
the ecological state of rivers is divided into 5 classes 
from a very good (BOD7 <2.3), good (BOD7 – 2.3 - 

3.3), moderate – (BOD7 – 3.31 - 5.0), poor (BOD7 – 
5.01 - 7.0) and a very bad state – BOD7>7 mg O2 l

-1.
The composition of manure was identified from 

one extract prepared by burning with concentrated 
sulphuric acid (H2SO4) and selenium (Se) catalyst. 
Nitrogen was identified by Kjeldal method, 
phosphorus – by molybdic method.

Mathematical and statistical analysis of the data 
was performed using the computer programs MS 
Excel 2010 and Statistica v.5.

Results and Discussion
During the research period the concentrations of 

organic matter in Jaugila stream above fertilized area 
(Ja) changed from 0.74 to 11.1, and below it (Jž) – 
from 0.9 to 11.6 mg O2 l

-1 (Figure 2). 
It was determined that in most cases the water of 

the Jaugila Stream, both in above and below fertilized 

Table 1
Meteorological conditions of the study periods 

Indices
Year

2008 2009 2010 2011 2012
Precipitation, mm 574 736 722 574 723
% of the climate normals 101 130 128 101 128
Average air temperature, °C 8.5 7.2 6.2 7.9 6.7
Deviation from the climate normals, °C +1.5 +0.2 -0.8 +0.9 -0.3

Note. Climate normals in Dotnuva: annual precipitation amount – 566 mm, average yearly air temperature 7.0 °C.
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Figure 2. Variation of BDS7 concentrations in the Jaugila Stream above (Ja) and below (Jž)  
fertilized areas as well as from the drainage system (Dr).
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areas, according to BOD7, concentrations correspond 
to a very good and good ecological status. There 
were only two cases when the BOD7 concentrations 
reached the limit of a very bad ecological status. The 
average concentrations of organic matter during the 
research period in the Jaugila Stream were 2.64 O2 
l-1 in the point above-fertilized area and 2.73 mg O2 
l-1 in the point below fertilized area. However, the 
statistical data analysis has shown that the difference 
between these concentrations is negligible (tfact=0.22 
<ttheor.95%=2.0, n=37).

In Lithuania, the requirements for drainage water 
quality from manure fertilized areas according to 
BOD7 have not been established. Therefore, BOD7 
concentrations in drainage water were compared to 
the requirements for the quality of surface water. The 
analysis showed that the drainage water corresponded 
to a very good and good ecological status, except in 4 
cases when the water quality was found to be in a very 
bad 7.12 (25.01.2009) and 7.48 mg O2 l

-1 (18.04.2010) 
as well as poor 5.23 (29.03.2009) and 5.49 mg O2 l

-1 
(09.05.2010) ecological status.

It was found that a great impact on BOD7 
concentrations in the stream below fertilized area 
was due to the water flowing from the upstream area 
(r=0.96; tfact=73.39>ttheor.95%=2.03; n=37) as well as 
the drainage water flowing into this stream from the 
fertilized area (r=0.56; tfact=4.93>Ftheor.95%=2.03; n=37). 
The following equations were derived (Table 2):

Water temperature has a big impact on the increase 
in BOD7 concentrations. The warmer the water in 
the stream, the higher the observed concentrations 
(r=0.45; tfact=3.39>ttheor.95%=2.0; n=37):

8486.02668.0 += xy ;  (1)

here y – BOD7 concentration in the Jaugila Stream 
water, below fertilized area (Jž), mg O2 l

-1,
x – water temperature in the Jaugila Stream water, 
below fertilized area (Jž), °C.

Figure 3 shows that the maximum concentration 
deviations from the mean value of BOD7 concentration 

were observed in autumn, summer and spring, and in 
winter these deviations were small. This means that, 
as the air was getting warmer, the concentrations 
of organic matter in streams increased due to the 
influence of the temperature, which creates conditions 
for different physical, chemical, biochemical and 
biological processes in the water (Tilickis, 2005). 
The BOD7 concentrations in streams’ water begin  
to increase when water temperature reaches more than 
5 °C (Rudzianskaitė, 2009).

So, the seasonality is characteristic to the variations 
in BOD7 concentrations in the Jaugila Stream. The 
highest average values were observed during spring. 
This is usually influenced by the concentration of 
suspended solids due to the increased water flow (Ebise 
et al., 2003). In spring the water flows are the greatest 
due to the snow melting, therefore the concentrations 
of organic matter increase. However, they are lower 
than those from urbanized areas (Ghane et al., 2016). 
In the point above fertilized areas (Ja) they were 3.8 
and below them (Jž) – 4.4 mg O2 l

-1. Research data 
shows that higher average concentrations of organic 
matter in spring, summer and autumn were found in 
the Jaugila Stream in the point below fertilized area, 
4.4, 3.5 and 3.0 mg O2 l

-1 respectively. Only during the 
winter period they were 0.1 mg O2 l

-1 lower than above 
fertilized area. Higher average BOD7 concentrations 
in drainage water were observed in spring and winter, 
2.94 and 2.5 mg O2 l-1 respectively. In summer and 
autumn, they were the lowest and varied from 1.5 to 
1.0 mg O2 l

-1 (Figure 3).
A statistical analysis of each season was carried out 

to determine the effect of water flowing from the above 
fertilized areas and drainage water inflowing from the 
areas fertilized with organic fertilizer on the water 
of the Jaugila Stream in the below fertilized areas. 
Undoubtedly, these factors had a significant impact 
on the river’s water, as the established relationships 
were very strong. The following relationships were 
determined during the spring, summer, autumn and 
winter seasons (r=0.97; Ffact=58.99>Ftheor.95%=4.7; 
n=10); (r=0.89; Ffact=14.63>Ftheor.95%=4.7; n=10); 
(r=0.92; Ffact=17.77>Ftheor.95%=5.1; n=9); (r=0.93; 

Table 2
The impact of BOD7 concentrations of drainage and water flowing from above fertilized areas to 

Jaugila Stream water quality below fertilized areas

Indices Equation n r ttheor.95% tfact.

Ja y=0.0211x1
2+0.6946x1+0.4987 37 0.96 2.03 73.39

Dr y=-0.1495x2
2+1.8969x2-1.5443 37 0.56 2.03 4.93

Note: y – BOD7 concentration in the water of Jaugila Stream in the point below fertilized areas (Jž), mg O2 l
-1; x1 – BOD7 

concentration in the water of Jaugila Stream in the point above fertilized areas (Ja), mg O2 l
-1; x2 – BOD7 concentration 

in drainage water, flowing into the Jaugila Stream from the fertilized areas (Dr), mg O2 l
-1; n – sample data points, r – 

sample correlation coefficient, tfact. – calculated Student’s t-test, theor.95% - theoretical 95% probability of Student’s t-test=2.03; 
relationship is significant when ttheor.95% <tfact..
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Ffact=16.39>Ftheor.95%=5.8; n=8) respectively, and 
dependencies:

In spring ;025294.0999243.0436295.0 21 xxz −+=     (2)

In summer ;345824.0563643.0469562.0 21 xxz ++=  (3)

In autumn ;475830.0565841.0245256.0 21 xxz ++=   (4)

In winter .099747.0938675.0362815.0 21 xxz −+=      (5)

here z – BOD7 concentration in the water of Jaugila 
Stream in the point below fertilized areas (Jž), mg O2 l

-1,
x1 – BOD7 concentration in the water of Jaugila Stream 
in the point above fertilized areas (Ja), mg O2 l

-1,
x2 – BOD7 concentration in drainage water, flowing 
into the Jaugila Stream from the fertilized areas (Dr), 
mg O2 l

-1.

Partial correlation showed that during the spring 
season, the increase in the BOD7 concentrations in the 
water of Jaugila Stream below fertilized areas was due 
to the water coming from the above areas (r1=0.97), 
and the drainage water had no impact at all (r2=-0.08). 
During the summer and autumn seasons, the increase 
in organic matter in the stream was influenced both by 
the water coming from the above areas and drainage 
water, (r1=0.84), (r2=0.69) and (r1=0.82), (r2=0.52), 
respectively. During the winter season, the increase 

in the organic matter concentrations below fertilized 
areas was determined by water coming from the above 
areas (r1=0.85), while drainage water reduced these 
concentrations (r2=-0.33).

Conclusions
1. A greater impact on the water quality of the Jaugila 

Stream below the fertilized area was from the 
water coming from the above areas (r=0.96) than 
from the drainage water from the field fertilized 
with organic fertilizer (r=0.56).

2. It was found that drainage water was increasing 
the concentrations of BOD7 in river water in 
the summer and autumn seasons, (r2=0.69 and 
(r2=0.52) respectively. During the winter season it 
was decreasing them (r2=-0.33) and during spring 
– it had no effect (r2=0.08).

3. Impact of the manure fertilized areas on the 
Jaugila Stream water pollution with organic 
matter was minimal, as the difference between the 
concentrations of BOD7 in the points above and 
below fertilized areas was not significant (tfact=0.22 
<ttheor.95%=2.0, n=37).

4. The assessment of the concentrations of BOD7 
according to the water quality requirements for 
surface waters showed that in most cases the 
water of the Jaugila Stream, both in upstream and 
downstream manure fertilized fields, was in a very 
good and good ecological status.
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Figure 3. Seasonal variation of BOD7 concentrations in the Jaugila Stream and drainage water.
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