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Lithuanian surface water bodies are negatively affected by diffuse pollution from agricultural activity and point
source pollution, which results in an urgent problem — pollution with biogenic materials. A major part of point
source pollution reaches surface water bodies together with domestic wastewater from Lithuanian towns and
cities. The article analyses the impact of a wastewater treatment plant (WWTP) on water quality of the River
MaZoji Sruoja, Plungé district. Essential differences at 100 m distance above the wastewater discharger and
500 m below the wastewater discharger according to total phosphorus, total nitrogen and ammonia nitrogen
were established in the water of the River MaZoji Sruoja. Plungé City wastewater has an impact on the water
quality of the River Mazoji Sruoja. A statistically significant positive correlation (p < 0.05) was identified be-
tween treated wastewater and concentration indices of the tested river water quality below the discharger of
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the wastewater treatment plant. Water quality of the River MaZoji Sruoja changed in different seasons of the
year. A change in nitrogen compound content mostly reflected seasonal changes in the River MaZoji Sruoja.
Major concentration of the materials was established during the cold period and minor during the warm period.
Maximum BOD, values were determined in summer and minimum in winter. The total phosphorus seasonal

fluctuation was insignificant.

Keywords: wastewater treatment plant discharger, river water quality, biogenic materials.

Introduction

Human agricultural activity and its development have
an inevitable impact on the environment. In order to
avoid the impact of pollution emission on the envi-
ronment, the European Union adopted two directives:
the Nitrates Directive (1991/696/EC) and the Water
Framework Directive (2000/60/EC). The aim of im-
plementation of the directives is to protect all water
bodies against anthropogenic interference (Kronvang
et al. 2008).

Both diffuse pollution, the essential part of which con-
sists of a load of pollutants generated during agricul-
tural activity, and point source pollution, which results
in pollution with biogenic materials, has a negative
impact on the state of Lithuanian surface water bo-
dies. In order to reduce the impact of concentrated
pollution on surface water bodies, Lithuania has been
implementing the Directives of the European Council
and other legal acts.

The major part of diffuse pollution reaches surfa-
ce water bodies together with domestic wastewater
from Lithuanian towns and cities; however, their qu-
antity has been regularly decreasing for the last de-
cade. Increased efficiency of wastewater treatment
plants has predetermined a decrease of discharges
pollutants (Ministry of Environment 2012).

The river water quality is characterised by the content
of organic and biogenic materials in water bodies and
bacteriological indices. Nitrogen and phosphorus are
highly important materials for water life. The concen-
tration of these components and their change are pre-
determined by biological and biochemical processes
occurring in water. A great amount of biogenic mate-
rials has a negative impact on the environment, be-
cause it results in surface water body eutrophication
(Kronvang et al. 2005, Burkholder et al. 2007).

Washout of biogenic materials is predetermined by
such natural factors as the amount of precipitations
and seasonality. It has been observed that during the
periods of increased abundance of water, the content
of nutrient materials in the river water is greater, be-
cause such conditions are favourable for washout of
nutrient materials and migration together with gro-
und and surface water (BagdZiGnaité-Litvinaitiené
and Lukianas 2004).

Organic materials usually contain solid particles,
which have an impact on benthos of water bodies and
cause changes in fauna species composition (Cooper
1993). Pollution sufficiently worsens the state of wa-
ter ecosystems, reduces the possibilities to use wa-
ter for various purposes and constitutes hazard for
human health (Burkholder et al. 2007). A number of
studies have considered assesment of the ecological
status of surface water bodies (Kelly et al. 2009, No-
ges et al. 2009, Matysik et al. 2015).

It is reasonable to analyse changes in the quality of a
surface water body and evaluate anthropogenic and
natural factors. Changes in water quality of various
European rivers and changes in the intensity of hu-
man activity have been studied. It has been estab-
lished that a decrease in nitrogen entering the river
from pollution sources does not reflect the change
immediately (Grimvall et al. 2000).

In Lithuania, the impact of pollution sources on the
quality of water in the Rivers Venta and Masa-Lielupé
basins has been evaluated (Vinceviciené and Asa-
dauskaité 2000, Ruminaité 2010) and the impact of
Kaunas City wastewater on the quality of Nemunas
water has been assessed (Jurjoniené and Valatka
1997). The research results demonstrated that the
impact of anthropogenic sources was 73% and 56%
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(according to COD., and BOD,) of the total borne or-
ganic material content in the River Merkys. Human
activity predetermines 90% of the annual borne total
nitrogen and 78% of the total phosphorus content (Po-
vilaitis 2008). It is highly important to study the impact
of pollution on the quality of water of small rivers, as
these rivers are sensitive to probable changes of nat-
ural factors and anthropogenic activity and especial-
ly to concentrated pollution. Discharging municipal
wastewater into a small river with low dilution capac-
ities (especially during the dry season of the year) has
a significant impact on the river water quality.

The aim of the paper was to determine the impact of
the wastewater treatment plant on the water quality
of the River MaZoji Sruoja in the city of Plungé by eva-
luating the seasonality factor.

Fig. 1

MaZoji Sruoja basin
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Methods

MaZoji Sruoja is the right-bank tributary of the River
Minija. The length of MaZoji Sruoja is 8.8 km, and the
basin area is 15.2 km? (Figure 1). Two tributaries —
Sraujelé and Mergvagis - flow into the river (Galiusis
et al. 2001). The upper course is regulated, and the
bottom flows into the ichthyologic reserve of Minija,
as this is an important fish breeding area.

Part of point source pollution from Plungé flows into
the River MaZoji Sruoja. During activity monitoring in
2006, we received poor results in MaZoji Sruoja mo-
uth: the amounts of phosphate and total phosphorus
showed a poor ecological state, and the amounts of
BOD, and ammonia nitrogen yielded a satisfactory

& W
< 9

Kamska

§ sabunid

Milasaiciai



Environmental Research, Engineering and Management

Fig. 2

Principle sampling diagram
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state (EPA 2007). An old wastewater treatment plant
of Plungé operates inefficiently; nitrogen and phos-
phorus are not removed. In 2008, the wastewater
treatment plant was reconstructed and, as it was
specified, the quality of its treated wastewater met
the established environmental safety requirements.
Considering its short length and the flow rate of the
river, it is important to study the impact of wastewater
pollution on the quality of MaZoji Sruoja water.

River water sampling places were selected conside-
ring comfortable and safe access during all seasons
of the year. The first place was selected at the distan-
ce of 100 m above the discharger, where the treat-
ed wastewater of Plungé has no impact on the river
water quality. The second place was chosen where
the wastewater is mixed with the river water - at the
distance of 500 m below the treatment plant dischar-
ger (Figure 2).

Sampling places were selected to avoid diffuse po-
llution from the surrounding area. The analysis was
carried out in the chemical analysis laboratory of
UAB Plungés vandenys using special laboratory
equipment. The data of 2008-2014 were considered.
The samples for the analysis were taken once per
month. The most important water quality indices

were analysed using standard methods: biochemical
oxygen demand (BOD,) (LAND 47-1:2007); ammonia
nitrogen (LAND 38:2000); total nitrogen (TN) (LAND
84-2006); and total phosphorus (TP) (LAND 58-2003).

Changes in all indices were assessed using the line-
ar trend and determination coefficient. The differen-
ce between water and wastewater indices above and
below the discharger was assessed with STATISTICA
10 software, using the Student criteria. The difference
was significant, when p < 0.05. The impact of meteo-
rological conditions and wastewater on water quality
was assessed by calculating the correlation coeffi-
cient using STATISTICA 10 software. The river water
quality was assessed according to physical and che-
mical quality component indices referred to the river
ecological state rate (Ministry of Environment 2011).

Results and discussion
MaZoji Sruoja water quality changes above and
below the wastewater discharger

The conformity of MaZoji Sruoja to the ecological state
rate according to the values of physical and chemical
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quality components above and below the discharger

in 2009-2014 are provided in Figure 3.

According to the TP content in the water above the
discharger, MaZoji Sruoja meets good and very good

Fig. 3

values of ecological state class indices, and below the
discharger - the values of ecological state class in-
dices. The maximum permissible TP value, demons-
trating a satisfactory good and very good ecological
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Values of physical and chemical quality components above and below the discharger in 2009-2014
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state (0.1 mg/L) below the discharger, was exceeded
in all the research cases. We established an essential
statistically significant difference between TP values
above and below the wastewater discharger (t > 0.05).

According to the ammonia nitrogen content in the
water above the discharger, MaZoji Sruoja meets
good and very good values of ecological state class
indices, and below the discharger - satisfactory and
poor values of ecological state class indices. We esta-
blished an essential statistically significant difference
between NH,-N values above and below the waste-
water discharger (t > 0.05).

According to the TN content in the water above the
discharger, MaZoji Sruoja meets good and very good
values of ecological state class indices, and below the
discharger - satisfactory values of ecological state
class indices. We established an essential statistical-
ly significant difference between TN values above and
below the wastewater discharger (t > 005).

Almost during the whole research period, two sam-
pling places of MaZoji Sruoja met satisfactory and
very poor values of ecological state class indices
according to BOD, values. Especially high BOD, va-
lues were determined in 2011, probably because of

Fig. 4
BOD, value change in MaZoji Sruoja water in 2009-2014
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insufficient stability of recently reconstructed waste-
water treatment facility operation. No difference was
established between the values above and below the
discharger (t < 0.05).

Summarising the results of MaZoji Sruoja water qu-
ality analyses in 2008-2014 at the distance of 100 m
above and 500 m below the wastewater treatment fa-
cility discharger, we can state that there are essential
pollution differences above and below the wastewater
discharger according to total phosphorus, total nitro-
gen and ammonia nitrogen. Below the wastewater
discharger, we determined high amounts of the pol-
lutants. No essential differences were established du-
ring research of biochemical oxygen demand within 7
days - the amount of organic materials was the same
within the period of 2009-2014.

The amount of organic matter in the water was as-
sessed according to the BOD, index. A change of BOD,
value in MaZoji Sruoja water in 2009-2014 is provided
in Figure 4.

During the assessment of BOD, value change dyna-
mics in 2009-2014, we observed a tendency of a slight
decrease both above and below the wastewater treat-
ment facility discharger.
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Fig. 5
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Total phosphorus (TP) content change in the River MaZoji Sruoja water in 2009-2014
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Phosphorus is one of the main biogenic materials
predetermining the capacity of the water body. Phos-
phorus enters surface water from external pollution
sources and as the result of internal-secondary pol-
lution. After entering the water, this biogenic material
is accumulated in the bottom sediments; however, in
some periods, phosphorus generation may exceed its
sedimentation. In such cases, the amount of phos-
phorus in water increases.

To the surface, water phosphorus is washed out from
the soil, consisting of rocks, generated as water or-
ganism metabolism and degradation by-products,
and enters as the result of human economic activity
(use of phosphorus fertilisers or detergents). Usu-
ally, in surface water bodies, phosphorus is contai-
ned in phosphates (PO,). Phosphates enter water
with wastewater containing phosphorous fertilisers,
washing agents containing phosphates and food was-
te (Ruminaité 2010).

Assessment of the total phosphorus value change dy-
namics in 2009-2014 showed a tendency of a slight
decrease both above and below the wastewater treat-
ment plant discharger (Figure 5).

Assessment of ammonia nitrogen value change dy-
namics in 2009-2014 demonstrated a tendency of a

slight decrease above the wastewater discharger, and
an increase below the wastewater discharger (not
statistically reliable, low determination coefficient)
(Figure 6).

Assessment of the total nitrogen value change dy-
namics in 2009-2014 showed a tendency of a slight
decrease both above and below the wastewater tre-
atment plant discharger (not statistically reliable, low
determination coefficient) (Figure 7).

Assessment of the impact of the wastewater
treatment plant on the water quality of MaZoji
Sruoja

In order to determine the impact of Plungé waste-
water on the quality of MaZoji Sruoja water, we calcu-
lated the correlation coefficients between TN, NH-N,
TP and BOD, values in the treated wastewater and the
values in Mazoji Sruoja water at the distance of 500
m below the wastewater discharger. The results are
provided in Table 1.

After carrying out the statistical correlation analysis,
we established that the wastewater entering the ri-
ver from Plungé wastewater treatment plant had an
impact on the water quality of MaZoji Sruoja. Statisti-
cally significant positive correlations within the whole
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Fig. 6
Ammonia nitrogen (NH4-N) content change in the River MaZoji Sruoja water in 2009-2014
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Total nitrogen (TN) content change in MaZoji Sruoja River water in 2009-2014
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research period were received after treatmentandbe-  As the values of all the studied indices below the
low the wastewater discharger in MaZoji Sruoja water ~ wastewater discharger in Mazoji Sruoja water (espe-
according to the most important pollution indices. It  cially of biogenic materials) were high, it can be stated
was established that all the studied indices had a ma-  that although the wastewater is treated up to permis-
jor impact on Mazoji Sruoja water in 2014, compared  sible levels, it is insufficient for a proper ecological
with previous years. state of the river.




Environmental Research, Engineering and Management

Table 1

2017/73/3

The correlation matrix of water quality component indices in MaZoji Sruoja water below the discharger and wastewater discharged into the

river (r — correlation coefficient, p — reliability level, p < 0.05)

2009 2010 2011 2012 2013 2014
1 2 3 4 5 6
TN mg/L
r=0.60 r=0.75 r=054 r=0.83 r=0.63 r=0.71
p>0.05 p<0.05 p<0.05 p <0.05 p<0.05 p<0.05
NH,- N mg/L
r=0.38 r=0.30 r=050 r=0.63 r=042 r=057
p <0.05 p<0.05 p<0.05 p <0.05 p<0.05 p<0.05
TP mg/L
r=0.34 r=0.61 r=0.49 r=0.60 r=0.56 r=0.55
p <0.05 p<0.05 p<0.05 p<0.05 p<0.05 p<0.05
BOD, mg 0,/L
r=043 r=0.27 r=032 r=052 r=0.6 r=052
p <0.05 p>0.05 p<0.05 p <0.05 p<0.05 p<0.05

Seasonal differences in the water quality of
Mazoji Sruoja
The water quality differences of MaZoji Sruoja were

studied during different seasons of the year. BOD,
maximum values above and below the wastewater

Fig. 8

discharger were determined in summer, and mini-
mum values were obserbed in winter. In autumn and
spring, a BOD, change remained regulated both above
and below the wastewater treatment facility dischar-
ger (Figure 8). This fact can be explained by the low
water level in the river during the dry period of the

BOD7 values in MaZoji Sruoja water above (a) and below (b) the wastewater treatment plant discharger
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year and low permeability capacity and intensive flora
and fauna activity.

It is possible to distinguish insignificant seasonality of
total phosphorus in MaZoji Sruoja. Total phosphorus
content values were minor above the wastewater tre-
atment plant discharger during winter; and in autumn,
a greater amount was observed. The maximum amo-
unt was observed below the wastewater discharger in
summer, and the minimum in winter (Figure 8).

Phosphorus compound concentration in surface
water depends on the season. In spring, when photo-
synthesis is intensive, and in summer, during the ve-
getation period, the concentration of these materials
significantly decreases, and during the cold season of
the year, during the oxidation of organic materials, the
amount of phosphorus compounds increases gradu-
ally (Ruminaité 2010). The fact of determination of a
high total phosphorus content below the wastewater
discharger in summer demonstrates the impact of
point source pollution (Figure 9).

Seasonal changes are usual for all forms of nitrogen
compounds in natural water (Ruminaité 2010). The
maximum ammonia nitrogen contents were obser-
ved in winter. In autumn and spring, ammonia nitro-
gen concentrations were almost the same, and in su-
mmer they were minor.

Fig. 9
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Below the wastewater discharger, the minimum
ammonia nitrogen concentrations were observed in
spring, and the maximum concentrations were deter-
mined in winter (Figure 10).

The total nitrogen content in MaZoji Sruoja water
was minor in spring above the wastewater dischar-
ger. In spring and autumn, seasonal concentrations
insignificantly increased; and in winter, we observed
the maximum concentration of total nitrogen. A si-
milar tendency was observed below the wastewater
discharger, and only the total nitrogen content signi-
ficantly increased, especially in summer (Figure 11).

As already mentioned, minimum concentrations of
biogenic materials are usually observed during the
vegetation period, when there is intensive photo-
synthesis. During the cold season of the year, during
the oxidation of organic materials and mineralization
processes, the content of biogenic materials incre-
ases gradually. Significant seasonal changes in the
biogenic matter content are a response of an ecosys-
tem of water bodies to the excessive content of mi-
neral and organic materials (Ruminaité 2010). During
the research, changes in concentrations of nitrogen
compounds mainly reflected the seasonal changes in
MaZoji Sruoja water.

Change of total phosphorus (TP) concentrations in MaZoji Sruoja water above (a) and below (b) the wastewater treatment plant discharger
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Fig. 10

Change of ammonia nitrogen (NH,-N) concentrations in MaZoji Sruoja water above (a) and below (b) the wastewater treatment plant discharger
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Fig. 11

Change of total nitrogen (TN) concentrations in MaZoji Sruoja water above (a) and below (b) the wastewater treatment plant discharger
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Conclusions

Essential differences above and below the waste- Plungé wastewater has an impact on the quali-
water discharger according to total phosphorus, to- ty of MaZoji Sruoja water. The statistically signi-
tal nitrogen and ammonia nitrogen were established  ficant positive correlation (p < 0.05) between tre-
in the water of the River MaZoji Sruoja in 2009-2014.  ated wastewater and concentration indices of the
The BOD, index difference was insignificant. tested river water quality below the discharger of
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the wastewater treatment facility was identified.

Changes in concentrations of nitrogen compounds
especially reflected the seasonal changes in MaZoji
Sruoja water. The seasonality of total phosphorus was
insignificant. High total nitrogen concentrations were
observed below the wastewater discharger in summer.
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Neigiama poveik| Lietuvos pavirSiniy vandens telkiniy biklei daro tiek pasklidoji tarsa, tiek ir sutelktoji
tarSa, ypac tarsa biogeninémis medziagomis. Didelé terSaly dalis j pavirSinius vandens telkinius patenka
su buitinémis nuotekomis i$ Lietuvos miesty. Straipsnyje analizuojamas Plungés miesto nuoteky poveikis
MaZosios Sruojos upés vandens kokybei.

MaZosios Sruojos upés vandenyje 2009-2014 m. laikotarpiu nustatyti esminiai tarsos skirtumai 100 m
auksciau nuoteky isleistuvo ir 500 m Zemiau nuoteky isleistuvo pagal bendrgjj fosfora, bendrajj azota,
amonio azota. Nustatyta, kad upés vandens kokybé kinta skirtingy sezony metu. Pastebétas tarSos ben-
druoju azoto sezoniSkumas tirtos upés vandenyije.

Plungés miesto nuotekos daro poveikj MaZosios Sruojos upés vandens kokybei. Nustatyta statistiSkai
reikSminga teigiama koreliacija (p<0,05) tarp iSvalyty nuoteky ir visy tirty upés vandens kokybeés rodikliy
koncentracijy Zemiau nuoteky iSleistuvo. Krituliy kiekis turi jtakos Mazosios Sruojos upés vandens koky-
bei tik 100 m auksciau isleistuvo.

Raktiniai ZodZiai: nuoteky valymo jrenginiai, upiy vandens kokybé, biogeninés medZiagos.



