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Abstract. According to the requirements of the EU Water Framework Directive 2000/60/EC, good water quality in
all EU countries should have been achieved by 2015. One of the most important environmental problems is river
pollution with insufficiently treated wastewater. Often untreated wastewater of whole or some part of a settlement or
separate households is discharged directly to rivers or drainage channels. The aim of this paper is to introduce the
impact of the settlements in rural areas on water quality in small rivers and drainage channels. Water quality has been
analyzed in Kedainiai and Panevezys districts above and below the villages. The amount of oxygen in water, water
temperature and flow rate are measured at the study site. The water samples are collected for identification and
evaluation of chemical parameters. The obtained data brings to the conclusion that all the studied villages have a
significant impact on small water bodies, especially during the dry season.
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1. Introduction

Intensification of human activity causes increasing
occurrence of polluting substances in water environment.
This attracts attention of political organizations, environ-
mentalists and the society. Many scientists and state or-
ganizations make every effort to centralize wastewater
treatment for the biggest possible number of households.
Nevertheless, centralized water supply and wastewater
management system is not available for all inhabitants of
many districts; some settlements cannot equip such sys-
tem due to technical and material reasons. Therefore, the
untreated household wastewater usually goes to the next
water body (Kuhl et al. 2010).

Lithuania has accumulated much information on
various methods, technologies and exploitation of waste-
water treatment in cities. However, the technologies,
which are used in cities, are not quite good for treat-ment
of small amounts of wastewater, due to specific condi-
tions in villages and small towns (Levitas 2000; Levitas
et al. 2008).

Management — collection and treatment — of small
amounts of wastewater requires great expense, which is
not proportional to the amount of wastewater and pollu-
tion load. The smaller settlement, the stronger variations
of wastewater amount and pollution. This determines the
necessity to distinguish the management of small
amounts of wastewater as a separate category, which re-
quires specific solutions, essentially different from those

in the management of normal or big amounts of wastewa-
ter (Jucius and Rimeika 2006).

In Lithuania most of the small wastewater treatment
systems (WTS), constructed 20-30 years ago, do not
work properly, require repairs or reconstruction. Thou-
sands of households discharge untreated wastewater to
agricultural reclamation systems and natural waters, pol-
lute surface and ground water bodies. Besides, in Lithua-
nia a number of holiday homes have been turned to or are
about to become living houses with no possibility to be
connected to wastewater treatment system (Levitas et al.
2008; Siksnys and Zibas 2000).

Rising use of water resources causes increasing pol-
lution load in waterbodies. Also, rivers, streams and
drainage channels play an important role in assimilation
of municipal and industrial wastewater and its removal
from agricultural areas (Singh et al. 2005; House et al.
1997, House and Denison 1997).

The household and industrial wastewater gets to the
streams and channels crossing or flowing near the small
rural areas. Leaching from agricultural areas also influ-
ences water quality in small waterbodies (Qadir et al.
2007). Wastewater contains the pollutants that impact the
eutrophication of small rivers and drainage channels,
which, in turn, causes degradation of the ecosystems (Va-
rol and Sen 2009; Finnegan et al. 2009).

Chemical quality of waterbodies is an important fac-
tor in ecological evaluation of the ecosystem and applica-
tion of environmental management (Neal et al. 2005). For
example, nutrient enrichment, resulting in excessive
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growth of aquatic plants and reductions in dissolved oxy-
gen, is a growing problem particularly in rural areas
(Neal 2002; Neal and Whitehead 2002).

The main purpose of the study is to determine the
impact of small rural areas on water quality in streams
and drainage channels. According to this aim, it was pro-
vided to establish the changes of water quality in drainage
channels and streams above the rural areas and below
them, or below the sewage treatment plant, if it was in
this area. According to data obtained and existing legisla-
tion the next task was to assess the scale and importance
of the water quality changes in chosen areas.

2. Materials and methods

The investigations to evaluate the impact of villages
on small waterbodies covered the settlements with popu-
lation of 200 — 2000 inhabitants. Water samples from
channels and streams were analyzed. All water samples
were taken during the dry period of the year 2010, from
the end of June till the beginning of October, when drain-
age systems did not work. Selection of this period aimed
to evaluate the impact of settlements on small water col-

Table 1. List of the investigated objects

lectors without additional attenuation and the pollutants
coming with drainage water from agricultural areas,
which could misrepresent the influence of settlements on
small rivers and drainage channels.

Selection of the sampling sites depended on the size
of the wastewater collector, relief and existence of the
wastewater treatment system.

The investigation objects of two types were chosen:

1. The settlements, which had wastewater treatment
system;

2. The settlements, which had no water treatment
system.

The samples were taken from the streams and drain-
age channels with average flow of up to 0.2 m’/s above
and below the chosen rural settlement. In the villages,
which had wastewater treatment systems, the samples
were taken above the village, before the sewage dis-
charger, from the discharger and below it, thus determin-
ing the efficiency of the wastewater treatment plant. Ta-
ble 1 presents the list of the rural settlements, where the
investigations were carried out. Some settlements were
places of episodic investigations (one — two samplings),
others — of permanent investigations.

N° Name of the Population Waterbody— wastewa- | Dates of sampling Wastewater treat-
settlement ter receiver ment system
1 Krakés 991 Smilgaitis 201006 17, +
201007 01,
2010 08 04,
2010 10 05
2 Pernarava 299 Upelis 2010 06 09, -
2010 07 01,
2010 08 26,
2010 10 05
3 Akademija 873+1111* Jaugila 201006 17, +
(Kédainiai 2010 10 06
distr.)
4 Baisogala 1913 KirSinas 2010 06 30, +
201007 29
5 PakirSinys 698 KirSinas 2010 06 30, +
201007 29
6 Pelutava 239 Drainage channel 2010 06 09, -
2010 08 26
7 Ramygala 1643 Upyte 2010 07 28, +
20101012
8 Devynduoniai 223 Drainage channel 2010 08 04 -
9 Paaluonys 215 Aluona 2010 06 09 -
10 Pavermenys 341 Drainage channel 2010 07 28 -
11 Pocitin¢liai 535 Garduva 2010 06 30 -
12 Slapaberzé 583 Kruostas 2010 06 22 +

* There are 873 inhabitants in Akademija village, but Vainotiskiai (population 1111) is connected to the same wastewater treatment

system.

In five settlements samples were taken one time, in
other five settlements — two times, and in two settlements
— four times. The number of measurements depended on
the settlement"s suitability for the analysis with respect to

the investigation results. This is a longitudinal study, so
in most places the samples will be taken in the following
dry period.
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In the sampling sites oxygen concentration in water
and water temperature were estimated with a portable
measurer. Cross-section of the waterbody was also meas-
ured and formula 1 was used to calculate the water flow
velocity

nso

v=(1.23+—+24.73)/100
where: v — flow velocity, m/s; 1139 — rotations of hydro-
metric mill, times per 30 seconds.

The stream (channel) discharge was calculated ac-
cording to the formula 2

where: Q — stream (channel) discharge, m*/s; S — cross-
section area of the stream (channel), m’.

The water samples were analyzed by the following
parameters, which were identified in the chemical ana-
Iytical laboratory:

e BOD; mgOy/1;

Total N, mg/l;
N-NH,, mg/l;
N-NO;, mg/l;

Total P, mg/l;
P-PO,4, mg/l;
Chlorides, mg/l;
COD (Mn), mgOy/1;
COD (Cr) mgOy/1.

Evaluation of water quality above and below the set-
tlement or the wastewater discharger was based on the
determined concentrations.

The impact coefficient (formula 3) was used to es-
timate the possible impact of the settlement on the qual-
ity of the waterbody. The estimation focused on three
main indices of water quality: BOD-, total N and total P.

Zz(—chS +C—’Z+C—‘:):3 3)
CBDS CN CP

where: Z — impact coefficient (times); Cp,s;Cr;Cp

respectively BOD5, total N and total P concentration in
the stream (channel) water above the settlement;

C;DS;C;\,;C; respectively BOD-, total N and total P

concentration in the stream (channel) water below the
settlement.

The pollution loads (tones/year) according to BOD;,
total N and total P were calculated according to the for-
mula 4 in all the studied waterbodies:

T = (Ct - CO) * Qriver (4)

where: T — load according to BOD;, total N or total P,
t/year; C, - respectively BOD;, total N or total P concen-
tration below the settlement or the waste discharger; Cy -
respectively BOD,, total N or total P concentration above
the settlement or the waste discharger; Q... — stream or
drainage channel discharge.

As all the investigated streams had suffered strong
anthropogenic influence and had been straightened, while
the drainage channels could be attributed to the artificial
waterbodies, estimation of their ecological potential fol-
lowed Chapter IV of , Methodology for the Surface Wa-
terbodies‘ Condition Evaluation (Official Gazette, 2010,
Nr. 29-1363). Table 2 presents the classification of eco-
logical potential estimation, based on this methodology.

The wastewater quality evaluation was based on the
maximum permissible concentrations (MPC) of the
wastewater, discharged to natural environment, as pro-
vided in The Wastewater Management Regulations (Offi-
cial Gazette, 2010-05-22, Nr. 59-2938).

Table 2. Ecological potential classes of the rivers, attributed to strongly changed waterbodies, and channels by physical-chemical

quality indices (Official Gazette, 2010, Nr. 29-1363)

No | Index Criteria of ecological potential classes by the values of physical-chemical quality indices
Maximum Good Average Poor Bad

1 NO;-N, mg/l <1.30 1.30-2.30 2.31-4.50 4.51 -10.00 >10.00

2 NH,-N, mg/1 <0.10 0.10-0.20 0.21-0.60 0.61-1.50 >1.50

3 N total, mg/l <2.00 2.00-3.00 3.01-6.00 6.01-12.00 >12.00

4 PO,-P, mg/l <0.05 0.050-0.09 0.09-0.18 0.18-0.40 >0.40

5 P total, mg/l <0.10 0.10-0.14 0.14-0.23 0.23-0.47 >0.47

6 BOD;, mg/1 <2.30 2.30-3.30 3.31-5.00 5.01-7.00 >7.00

3. Results and discussion

Evaluation of changes in concentrations of chemi-
cal parameters above and below the settlement shows
the negative impact of the settlements without central-

tigated streams and channels was 0.0051 m’/s, and the
maximum one — only 0.021 m’/s. Actually, in all the
sites concentrations of the investigated parameters be-
low the settlement significantly exceeded the ones
above the settlement.

ized wastewater management system on streams and
drainage channels. The average discharge of the inves-
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4. Rural settlements without wastewater treatment
systems

The settlement Pernarava has no wastewater
treatment system, the households are illegally con-

nected to the rain wastewater collection system, which
discharge the collected wastewater to the nearest
stream.

Table 3 presents water investigation indices of the
Upelis stream that crosses Pernarava.

Table 3. Concentrations of the investigated water parameters in the streams crossing settlements Pernarava and Pelutava

Water source The Upelis Drainage channel
Parameter Above Below Above Below
Pernarava* Pernarava* Pelutava Pelutava
BOD;, mgO,/1 1.02+0.27 3.78+1.18 1.83-3.89 1.98-4.99
Total N, mg/ 2.07+0.81 2.59+1.01 1.49-2.01 3.07-4.72
N-NH,, mg/l 0.08+0.02 0.87+0.69 0.074-0.178 1.38-1.68
N-NO;, mg/I 1.74+0.74 0.87+0.92 0.624-1.38 0.55-2.86
Total P, mg/1 0.04+0.01 0.59+0.48 0.067-0.164 0.48-1.07
P-PO,, mg/l 0.02+0.01 0.26+0.33 0.028 0.43
Chlorides, mg/1 15.68+7.9 22.48+3.79 21.4-25.3 32.3-41.0
COD (Mn), mgO,/1 5.78+1.53 11.25+2.98 9.6-10.8 9.6-8.8
COD (Cr), mgO,/1 13.97+4.19 24.03+10.19 21.5 21.5

*Values of parameters from villages, which have been studied more times, are shown as average value + standard deviation.

The average discharge of the stream Upelis, flowing
by the settlement Pernarava, at the time of studies was
0.0026+0.0019 m’/s. Investigations show that Pernarava
settlement impacts the increase of phosphorus concentra-
tions in the stream. Average increase of the P-PO, concen-
tration was 17 times, of total P concentration - 16.3 times,
of N-NH,—about 11.5 times in the stream Upelis.

A drainage channel crosses the village Pelutava. In
the period of investigations the discharge fluctuated
within 0.001 — 0.002 m’/s. Concentrations of all the stud-
ied parameters in the channel below Pelutava were sig-
nificantly higher than those above the village. The
strongest observed increase was that of N-NH, concen-

tration. Concentrations above and below the village differ
7.75 - 22.7 times. Concentrations of total P and P-POy,
also increased significantly — 6.5-7 and 15 times respec-
tively.

In some settlements episodic investigations of the
waterbodies were carried out. Results of the studies are
presented in Table 4. Analysis of BOD; and total N con-
centrations brings to the assumption that these settlements
had no significant impact on the streams. However, the
impact becomes obvious in the analysis of phosphorus
concentrations. The total P concentration increased 1.5-
5.4 times in the sampling places below the settlements.

Table 4. Values of the investigated parameters for the settlements without wastewater treatment systems

Parameter The Aluona The Garduva Drainage channel Drainage channel
Above Below Above Below Above Below Above Below
Paaluo- Paaluonys | Pociiinéliai | Poci- Paver- Paver- Devyn- Devyn-
nys inéliai menys menys duoniai duoniai
Discharge, m’/s 0.066 0.028 0.021 0.0002
BOD;, mg0O,/1 3.37 4.81 6.75 6.08 9.74 7.38 2.16 2.1
Total N, mg/l 4.62 5.2 3.31 2.48 6.5 2.51 5.61 3.06
N-NH,4, mg/l 0.237 0.344 0.798 0.145 1.48 0.614 0.047 0.229
N-NO;, mg/l 4.14 4.39 1.05 0.98 2.63 <0.0 5.14 1.65
Total P, mg/l 0.067 0.163 0.145 0.21 0.154 0.864 0.069 0.373
P-PO,4, mg/l - - 0.024 0.072 0.009 0.243 0.019 0.302
Chlorides, mg/1 48.7 69.6 22.7 214 27.7 47.9 41 23.3
COD (Mn), 17.43 19.01 13.7 18.8 122 26.7 125 33.9
mgO0,/1
COD (Cn), ] ] 55 58 373 74 52 39
mgO,/1

Estimation of the settlements* influence on the small
waterbodies was based on the impact coefficient Z, cal-
culated according to the formula 3. Calculation of this
coefficient involves analysis of three main quality pa-
rameters — changes of BOD, total N and total P concen-

trations in the waterbody above and below the settlement.
This index shows how many times the average total con-
centration of these parameters in the stream or drainage
channel increases or decreases below the settlement.
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According to the data, presented in the Table 5, Per-
narava settlement has the strongest impact coefficient.

Table 5. Impact of the settlements without wastewater treat-
ment systems on the waterbody.

Settlement Impact coefficient Z
(times)

Pelutava 3.39-3.45

Pernarava* 8.2+5.77

Paaluonys 1.66

Pociiinéliai 1.03

Pavermenys 2.35

Devynduoniai 2.31

*Values of parameters from villages, which have been studied
more times, are shown as average value + standard deviation

Water quality is also under the influence of the by-
flowing water discharge and the load of pollutants. The
load of pollutants according to BOD;, total N and total P
is presented in Table 6.

Table 6. Load of pollution in waterbodies according to BOD;,
total nitrogen and total phosphorus in the settlements without
wastewater treatment system

Watebody/ Load ac- Load ac- | Load ac-

settlement cording to | cording to | cording to
BOD,, N, t/year total P,
t/year t/year

Drainage 0.007- 0.074- 0.019-

channel/ 0.052 0.128 0.043

Pelutava

Upelis/ 0.226+0.1 | 0.066+ 0.045+

Pernarava* 0.08 0.04

Aluona/ 0.3 0.12 0.02

Paaluonys

Garduva/ - - 0.006

Pociiinéliai

Drainage - - 0.470

channel/

Pavermenys

Drainage - - 0.0018

channel/

Devynduoniai

*Values of parameters from villages, which have been studied
more times, are shown as average value + standard deviation

The settlement Pavermenys has been distinguished
for the pollution load of the bypassing water sources,
where the highest calculated load is 10 times higher than
corresponding index of other settlements.

Analysis of ecological potential of the waterbody is
one of the most important criteria for water condition
evaluation. In this work, evaluation of the ecological po-
tential of small rivers and drainage channels, as strongly
transformed waterbodies, is based on ,,The Methodology
for Evaluation of Surface Waters‘ Condition* (Official
Gazette, 2010, Nr. 29-1363).

Analysis of water quality in the drainage channel,
crossing Pelutava village, includes evaluation of the eco-
logical potential above and below the settlement. Concen-
trations of all parameters during one measurement above
the settlement indicate average or good ecological poten-
tial, during other measurement — maximum potential.
However, a concentration in the samples from the point
which is below the village shows poor or bad ecological
potential. Significant increase of N-NH,, total P and P-
PO, was observed.

Evaluation of ecological potential of the Upelis,
which crosses Pernarava village, is based of average data
of four measurements. According to concentrations of the
four parameters — BOD;, N-NH,, total P and P-PO, , eco-
logical potential of the Upelis above the settlement can be
estimated as maximum, according to total N and N-NO; —
very good. However, below the settlement after the dis-
charger that brings untreated wastewater from the village,
ecological potential according to N-NH,, total P and P-
PO, concentrations is poor or bad, according to BOD; —
average.

In other settlements concentrations of the studied pa-
rameters below the settlement usually exceed those above
the settlement, but decrease of ecological potential is not
such strong. The investigation results show that even
small settlements have essential impact on small water-
body and, usually, worsen its ecological potential to im-
permissible limits.

5. Rural settlements with wastewater treatment sys-
tems

Similar to the case of the villages without wastewa-
ter treatment systems, evaluation of the settlements that
have wastewater treatment systems is based on the differ-
ences between the investigated parameters above and
below the wastewater treatment plants.

The Smilgaitis stream, which crosses Krakés village,
has the water discharge of 0.0412+0.028 m’/s. Below
Krakeés village the strongest increase of P-PO, and N-NH,
concentrations in the stream water was observed — about
12 and 13 times respectively. All other investigated pa-
rameters’ concentrations also increased significantly.

The Upyté stream, which crosses Ramygala village,
has the discharge of 0.012-0.35 m’/s. The impact of the
settlement on the stream water quality is similar to that in
the Smilgaitis below Krakés. The strongest increase of P-
PO, and N-NH, concentrations in the stream water is ob-
served — 10.3 and 11.5 times, respectively. Concentration
of total P increases 6 times. Concentrations of other pa-
rameters do not differ so much.

Wastewater from Akademija settlement treatment
plant is discharged to the Jaugila stream, its discharge is
0.048+0.1 m’/s. Analysis of the investigated parameters
in the Jaugila stream above and below the treatment plant
indicates the strong changes of all concentrations. The
strongest impact has been established on N-NH, and total
P concentrations.
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Table 7. Concentrations of the investigated water parameters in the streams, crossing the settlements Krakés, Ramygala and

Akademija
Waterbody The Smilgaitis The Upyté The Jaugila
Parameter Above Kra- | Below Kra- | Above Below Ramygala | Above Below
kés* waste- | kés* waste- | Ramygala wastewater Akademija Akademija
water water treatment plant wastewater wastewater
treatment treatment treatment plant | treatment plant
plant plant
BDS;, mgO,/1 5.16+2.18 6.11+2.41 2.81-4.68 7.1-9.54 1.92-2.66 6.57-6.84
N total, mg/ 3.47+1.36 5.34+1.84 2.52-3.02 6.87-11.6 2.8-8.77 6.1-11.9
N-NH,, mg/l 0.08+0.04 1.73+1.28 0.11-0.245 1.36-2.74 0.039-0.151 4.15-4.81
N-NO;, mg/l 1.93+1.10 2.01+1.01 0.807-1.23 3.14-6.37 2.01-7.99 1.88-6.83
P total, mg/l 0.10+0.06 0.38+0.18 0.082-0.093 | 0.471-0.597 0.036-0.069 0.316-0.682
P-PO,, mg/l 0.02+0.02 0.26+0.18 0.04-0.048 0.382-0.524 0.02-0.025 0.305-0.672
Chlorides, mg/l | 20.6+0.35 22.27#4.57 | 14.9-17 31.5-423 17.0-23.6 32.8-41.1
ChDS (Mn). | 3004852 | 23474575 | 223306 | 13522 113116 97-11.8
mgO0,/1
ChDS (Cr), 55.15£17.32 | 56.0421.07 | 39.6-71.1 | 49.2-39.2 11.45 10.45
mgO,/1

*Values of parameters from villages, which have been studied more times, are shown as average value + standard deviation

Increased concentrations of the investigated parame-
ters below the settlements in other studied waterbodies

also took place. Table 8 presents summary of other wa-

Table 8. Values of the investigated parameters in the settlements with wastewater treatment systems

terbodies with changes in concentrations above and be-
low the settlements.

Parameter The Kruostas The KirSinas The KirSinas
Above Below Above Below Above Below
Slapaberzé Slapaberzé Baisogala Baisogala PakirSinys PakirSinys
Discharge, m’/s 0.1310 0.0843 0.03-0.138 0.03-0.138 0.042-0.139 | 0.042-0.139
BOD;, mgO,/1 2.88 3.75 4.28-5.14 3.02-3.66 4.66-5.71 4.1-7.94
N total, mg/l 3.78 4.28 1.61-1.85 1.62-2.99 1.66-2.94 2.97-3.09
N-NH,, mg/l 0.176 0.884 0.241-0.458 0.257-1.64 0.113-0.694 | 0.235-0.778
N-NO;, mg/l 2.9 2.71 0.115-0.14 0.102-0.222 0.221-1.21 0.657-1.6
P total, mg/1 0.093 0.182 0.172-0.216 0.152-0.377 0.226-0.48 0.326-0.365
P-PO,, mg/1 0.017 0.124 0.073-0.101 0.073-0.124 0.141-0.249 | 0.218-0.32
Chlorides, mg/l 18.6 24.3 17-22.10 23.3-24 18.9-27.1 23.3-30.3
COD (Mn), mgO,/1 16.5 16.5 14.5-17.3 13.4-14.5 11.8-13.6 10.6-20.6
COD (Cr), mgO,/1 - - 30-36.1 35.0-39.0 26.3-31 31.5-35

The obtained investigation data is used for calcu-
lation of the coefficient of the settlement impact on the
waterbody. Table 9 presents values of this impact coef-
ficient.

Table 9. Impact of the settlements with wastewater treatment
systems on the waterbod

Settlement Impact coefficient Z (times)
Akademija 4.57-4.84

Krakés* 2.26+1.21

Slapaberzé 1.46

Baisogala 0.76-1.58

Pakir§inys 0.8-1.73

Ramygala 3.67-4.1

*Values of parameters from villages, which have been stud-
ied more times, are shown as average value + standard de-
viation.

604

Wastewater treatment plant in Akademija settle-
ment has the strong impact on the Jaugila stream, Ra-
mygala settlement — on the Upyté stream.

Table 10 presents data of pollution load on water-
bodies.

The Kirsinas stream, which crosses Pakir§inys set-
tlement, gets the biggest load according to BDS;. One
of the two conducted measurements shows negative
load from this settlement, therefore, estimation of the
real amount of the pollutants, coming from PakirSinys,
requires more measurements. The strongest load ac-
cording to total N and total P goes to the Jaugila
stream.

Estimation of the ecological potential of the inves-
tigated streams and drainage channels above and below
the settlements indicates a significant decrease of this
potential downstream the wastewater discharge.



Table 10. Load of pollution in waterbodies according to BOD-, total nitrogen and total phosphorus in the settlements with wastewa-

ter treatment system

Waterbody / settlement Load of pollution Load of pollution accord- | Load of pollution according
according to BDS-, t/year ing to total N, t/year to total P, t/year

The Jaugila / Akademija 9.1-114 7.3-7.7 0.65-1.4

The Smilgaitis / Krakés* | 3.5+1.6 2.0+1.3 0.29+0.26

The Kruostas / Slapaberzé | 3.6 2.1 0.4

The Kirsinas / Baisogala - 3.7 0.54

The KirSinas / PakirSinys | 14.3 0.086-6.2 0.61

The Upyté / Ramygala 0.3-0.4 3.2-6.4 0.29-0.37

*Values of parameters from villages, which have been studied more times, are shown as average value + standard deviation.

Thus, for example, ecological potential of the Smil-
gaitis stream above Krakés settlement according to BOD,
and total N is average, according to N-NH, and N-NO; —
good, but according to total P and P-PO, — maximal.
Meanwhile, below the discharger the ecological potential
according to BOD;, N-NO;, total P and P-PO, becomes
poor. Analysis of the wastewater, discharged from the
treatment plant, shows that the treatment requirements
are not met. This points to the low efficiency of the
treatment plant.

The ecological potential of the Upyté stream above
Ramygala according to BOD;, total N and N-NH; is
good during one measurement and average during other
measurement. Both measurements show maximum eco-
logical potential according to N-NO;, total P and P-PO,.
However, below this settlement both measurements show
significant increase in concentrations of all investigated
parameters and the potential becomes poor or bad.

During one measurement the ecological potential of
the Jaugila stream above Akademija settlement is good
according to all parameters except total P and P-PO,,
according to which the potential is maximum.

During the other measurement the ecological poten-
tial according to total N and N-NO;j is poor, but accord-
ing to other parameters — maximum. However, below the
settlement the ecological potential of the stream is poor
and bad according to all investigated parameters. This
indicates that in the case of too low water stream dis-
charge, the wastewater dilution and treatment should
meet strengthened requirements.

In Krakés, Ramygala and Akademija settlements the
wastewater plants do not treat the waste to the sufficient
level, which causes the decrease of ecological potential in
water bodies to impermissible values. This indicates that
the wastewater treatment plants in the settlements with
population of over 1000 at small wastewater accumula-
tions should meet very strict wastewater treatment re-
quirements.

6. Conclusions

Evaluation of the impact of rural settlements on
small streams and drainage channels during the dry pe-
riod shows decline of water bodies® state below the in-
vestigated villages irrespective of the (not)existing
wastewater plants. The differences are observed only in

the analysis of the impact degree and amounts of the pol-
lutants.

The highest impact on waterbodies - wastewater re-
ceivers in all investigated settlements was established in
Pernarava village - the estimated coefficient is 8.2+5.77.
The highest impact on chosen waterbodies of settlements
with equipped wastewater treatment system was in
Akademija village — calculated impact coefficient is from
4.57 to 4.84.

The strongest negative influence on the water quality
in streams has been established according to ammonia
nitrogen and total phosphorus concentrations.

According to BOD;, total nitrogen and total phos-
phorus the largest load in all treated waterbodies was in
Jaugila. The samples were taken above and below waste-
water treatment plant collecting sewage from Akademija
ir Vainotiskés villages with population about 2000 in-
habitants all together. Determined loads ranged from 9.1
to 11.4 tons/year by BOD;, from 7.3 to 7.7 tons/year by
the total nitrogen and from 0.65 to 1.4 tons/year by the
total phosphorus. The largest load of the settlements
without sewage treatment system was in drainage channel
near Pavermenys village with a population of about 300
people. Estimated load on this waterbody is about 0.47
tons per year by total phosphorus.

In almost all investigated settlements ecological po-
tential of the streams below the settlements worsen to
poor and very poor condition.

To improve water quality in small streams, the
wastewater treatment in the settlements with population
under 2000 should meet special requirements related to
BOD;, total nitrogen and phosphorus.

References

House, W. A.; Denison, H. F. 1997. Nutrient dynamics in a
lowland stream impacted by sewage effluent: Great Ouse.
Science of the Total Environment. 205, 25-49.

House, W. A.; Leach, D.; Warwick, M. S.; Whitton, B. A_;
Pattinson, S.N.; Ryland, G.; Pinder, A.; Ingram, J.; Lish-
man, J.P.; Smith, S.M.; Rigg, E.; Denison, F.H. 1997. Nu-
trient transport in the Humber Rivers. Science of the Total
Environment. 194/195, 303-320.

Finnegan, C. J.; van Egmond, R. A.; Price O. R.; Whelan M. J.
2009. Continuous-flow laboratory simulation of stream

water quality changes downstream of an untreated waste-
water discharge. Water Research. 43 (2009), 1993-2001.

605




Jucius, T.; Rimeika, M. 2006. Nuoteky tvarkymo buidai - inves-
ticinis jvertinimas. [Wastewater management - assessment
of investment]. Pastaty inZinerinés sistemos. Respubliki-
nés mokslinés konferencijos, jvykusios Vilniuje 2006 m.
balandZio 27-28 d. medZiaga. Vilnius, 182-187.

Kuhl, A. M.; da Rocha, C.; Espindola, E.; Lansac-Toha, F.
2010. Rural and Urban Streams: Anthropogenic Influ-
ences and Impacts on Water and Sediment Quality. Inter-
national Review of Hydrobiology. 95-2010, 3: 260-272.

Levitas, E. 2000. Mazy nuoteky kiekiy tvarkymas gy-
venamosiose vietovése. [Management of small wastewater
quantities in residential areas]. Metodiné medziaga eko-
logams. Apyausris. Vilnius. 9-16 p.

Levitas, E.; RadzeviCius, A.; Zibiené, G. 2008. Nuoteky
surinkimas ir valymas. [Wastewater collection and treat-
ment]. Kaunas. 336 p.

Neal, C.; Jarvie, H. P.; Neal, M.; Love, A. J.;Hill L.; Wickham
H. 2005. Water quality of treated sewage effluent in a ru-
ral area of the upper Thames Basin, southern England, and
the impacts of such effluents on riverine phosphorus con-
centrations. Journal of Hydrology. 304: 103—117.

Neal, C.; Jarvie, H.P.; Williams, R.J.; Neal, M.; Wicham, H.
2002. Phosphorus-calcium carbonate saturation relation-
ships in a lowland chalk river impacted by sewage inputs

606

and phosphorus remediation: an assessment of phosphorus
self-cleansing mechanisms in natural waters. Science of
the Total Environment. 282/283, 295-310.

Neal, C.; Whitehead, P.G. (Eds.). 2002. Water quality function-
ing of lowland permeable catchments: inferences from an
intensive study of the River Kennet and upper River
Thames. Science of the Total Environment, 282/283, 3-9.

Qadir, A.; Malik, R. N.; Husain, S. Z. 2007. Spatio-temporal
variations in water quality of Nullah Aik-tributary of the
river Chenab, Pakistan. Environmental Monitoring and
Assessment, 140(1-3), 43-59.

Singh, K. P.; Malik, A.; Sinha, S. 2005. Water quality assess-
ment and apportionment of pollution sources of Gomti
river (India) using multivariate statistical techniques—A
case study. Analytica Chimica Acta, 538: 355-374.

Siksnys, A.; Zibas, A. 2000. Alytaus rajono gyvenvieciy
nuoteky Salinimo sistemy tyrimai. [Investigation of waste-
water management systems in villages of Alytus district].
Vandens tiikio inZinerija, 12 (34). Kaunas, 68-75.

Varol, M.; Sen, B. 2009. Assessment of surface water quality
using multivariate statistical techniques: a case study of

Behrimaz Stream, Turkey. Environmental Monitoring and
Assessment. 159: 543-553.



