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Abstract. In this study the main processes influencing water quality of the Lithuanian rivers have been identified. Factor
analysis was tested on river hydrochemical data from 108 sites for the period of 1999-2004. It enabled the identification
of main factors determining water quality each season. As a result, monitoring stations were grouped into clusters each

representing the influence of relevant factor.

The tested multivariate statistical procedures can be applied in practice when the reasons for water quality impairments are
to be investigated. The findings reveal that Wastewater factor is prominent in small rivers downstream larger towns;
Agro-geological factor — in Northern Lithuania‘s rivers of heavy carbonated soils and intensive agriculture lands as well
as in South eastern Lithuania‘s rivers of more acidic soils; Hardly degradable organics factor — in Northern and Middle
Lithuania‘s rivers of heavy-textured and fertile agricultural soils. The photosynthesis-vegetation and Aeration factors are

predominant in major rivers.

Keywords: factor analysis, multivariate statistics, water quality, Lithuanian rivers.

Introduction

In the year 2000 the EU Directive 2000/60/EC (further re-
ferred to as WFD) came into force obliging all member
states to carefully identify water status problems, the rea-
sons behind them and to elaborate programs of measures to
solve those problems (Directive 2000/60/EC... 2000). Im-
plementation of measures is a very costly activity, there-
fore it is very important to have a correct identification of
problems and their causes and thus avoid unnecessary cost-
ly actions. Ideal reasoning for water status problems could
be achieved by the use of good accounting data on point
source pollution, diffuse pollution inputs and detailed pro-
cess-based water quality models. Unfortunately, in many
cases and in Lithuania in particular the aforementioned in-
formation is far from complete and the run of detailed
models is impossible or not feasible in terms of precision
of the results (Vaikasas 2010). One of the solutions to help
find causes with limited information could be the use of
proper statistical methods, applied on water monitoring da-
ta. The methods could be employed in conjunction with
modeling to create a broader picture on possible problems
and the reasons behind them. However, monitoring data
contains a huge array of parameters (in this work — 27),
some of which are very much intercorrelated. Consequent-
ly, conventional univariate statistical methods are unfit to
analyze their complexity and detect meaningful structures
in data, which could shed light on processes affecting wa-
ter status. Luckily, multivariate statistical methods are per-
fectly designed to solve such kind of problems. Among
them Factor analysis (FA) is one of the most reliable tools
to deal with such tasks and therefore it has been utilized by

a number of authors (Alberto efal 2001; Aruga et al.
1995; Azzellino etal. 2006; Boyacioglu efal 2007,
Boyacioglu, H., Boyacioglu, H. 2008; Brodnjak-Voncina
et al. 2002; Charkhabi, Sakizadeh 2006; Fitzpatrick ef al.
2007; Kannel et al. 2007; Koklu et al. 2010; Kowalkowski
et al. 2006; Kunwar et al. 2005; Marques da Silva et al.
2001; Mendiguchia efal. 2004; Morales et al. 1999;
Omo-Irabor ef al. 2008; Ouyang et al. 2006; Papatheodor-
ou et al. 2006; Qadir et al. 2008; Razmkhah ef al. 2010;
Reisenhofer efal 1998; Santos-Roman efal 2003;
Schaefer et al. 2010; Simeonov efal. 2002; Simeonov
et al. 2003; Singh et al. 2006; Sojka ef al. 2008; Spanos
et al. 2003; Tarrado et al. 2006; Vega et al. 1998; Vidal
et al. 2000; Voutsa ef al. 2001; Zhang et al. 2009; Zhou
et al. 2007). The strength of the method hides in its ability
to extract meaningful structures from measurement data of
numerous parametres that after qualified examination can
be interpreted as particular factors or processes affecting
water chemistry.

In a number of occasions factor analysis is combined
with cluster and even discriminant function analysis,
where the latter only pinpoint to parametres that differ the
most among clusters (discriminate best) (Alberto et al.
2001; Boyacioglu H., Boyacioglu H. 2008; Kannel ef al.
2007; Koklu eral 2010; Kowalkowski efal 2006;
Kunwar et al. 2005; Qadir er al. 2008; Santos-Roman
et al. 2003; Simeonov et al. 2002; Simeonov et al. 2003;
Singh et al. 2006; Sojka et al. 2008; Zhou et al. 2007).
Finally, factor analysis is sometimes used to complement
modelling, like it was done in Spain with QUAL2E mo-

Copyright © 2013 Vilnius Gediminas Technical University (VGTU) Press

www.tandfonline.com/teel

del (Azzellino et al. 2006).
Taylor & Francis
Taylor &Francis Group



Journal of Environmental Engineering and Landscape Management, 2013, 21(1): 26-35 27

Although factor analysis was found to be a suitable
tool in many applications, the situation with its use in
Lithuania is a bit different. Apart from some exceptions
(Povilaitis 2003), the method has almost not been used in
Lithuania in the context of the analysis of physico-
chemical data.

Therefore, the goal of the research was to assess the
impacts different factors have on the state of Lithuanian
rivers water and identify their spatial patterns by using
system-oriented approach. This work aims to uncover ex-
ternal landuse, landcover and internal ecosystem process-
es and their affects on water physico-chemical parame-
ters. Although this work is targeted at rivers, the results
are important to the Curonian Lagoon and Baltic Sea as
well, since river-born pollution is the main cause of water
quality problems there.

1. Methodology

State monitoring physico-chemical data from the Lithua-
nian Environmental Protection Agency for 108 river sites
have been used in this study (Fig. 1; Table 1).
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Fig. 1. Location of river water quality monitoring stations

The water samples were collected monthly, howev-
er for the analysis not always raw data was used — for
significant part of the analysis raw data was aggregated
as multi-annual seasonal data. The measured parameters
include flow velocity (V), discharge (Q), suspended
matter (SM), transparency (SK), pH, dissolved oxygen
(0,), oxygen saturation (0,%), biochemical oxygen de-
mand in 7 days (BOD;), chemical oxygen demand using
dichromate (CODc¢;) or permanganate (COD,,), total
organic carbon (TOA), ammonia nitrogen (NH4-N), ni-
trite nitrogen (NO,-N), nitrate nitrogen (NO;-N), organ-
ic nitrogen (N,,), phosphate phosphorus (PO,-P), or-
ganic and adsorbed phosphorus (Porg), calcium (Ca?"),
magnesium (Mg*"), sodium (Na"), potassium (K"), silica
(Si), bicarbonate (HCOj5"), sulphate (SO,), chlorine (CI)
and total iron (Fe). The selection of parameters for this
study was based on the idea to uncover as many water
quality determining processes and as precisely as po-
ssible. In this sense, the guiding principle for parametre
selection was the more of relevant parameters are inclu-

ded, the better. In addition, GIS layers of river basin
boundaries and rivers (Lithuanian georeference database
and the data of the Lithuanian Environmental Protection
Agency) have been used.

The aforementioned data was subject to a multivari-
ate statistical technique called Factor analysis, which
have been applied by the use of Statsoft STATISTICA
software as well as the PAST software. There were two
types of Factor analysis used in this study. First of all, the
spatial Factor analysis was employed, which was based
on seasonal averages of physico-chemical data of all 108
monitoring stations combined for the whole study period
of 1999-2004. Autumn-winter season was represented by
the period from September to February months, spring —
by March to April and summer — by May to August. Spa-
tial FA was applied to identify main factors affecting riv-
er water quality and spatially group them according to the
affecting factor and its strength. The other type of FA -
local FA was employed only for a limited number of se-
lected monitoring stations representing different groups,
formed by means of spatial FA. Local FA was performed
using the dataset of all data for particular selected station,
covering the period of 1992-2004. Local FA results were
utilized for more detailed description of processes affect-
ing the aforementioned groups of stations.

The idea of factor analysis is to reduce intercorrelat-
ing variables into a few new representative uncorrelated
integrated variables or the so-called principal compo-
nents, which take a form of the 1¥-order equation. The
components then are orthogonally rotated in space to
transform into latent factors that are explained by varia-
bles that correlate with them. The FA mathematical mod-
el is based on the assumption that the behaviour of each
variable X;is influenced by m common factors (F;, F), ...,
F,,). The interrelationship between factors and variables

X1, X>, ..., X)) is expressed by the 1¥-order equations:
m
X; =2 0 F s S
j=1
m
X =D hygFj )
j=1
where A; (i=1, ..., k; j=1, ..., m) = cov(X;F;) — factor

loadings (the higher the loading, the more a variable is re-
lated to the factor).

2. Results and discussion

Factor analysis from Lithuanian river monitoring data
discovered six factors for each season that have been af-
fecting river water quality indices. Some of them are
common for all seasons, whereas some of them are sea-
son specific unique ones. Further in this chapter each
common factor is represented only by the season in which
it is most pronounced, while the unique ones are repre-
sented by the season for which they have been identified.
Three factors are common for all seasons. Wastewater
factor is the most pronounced one in all periods and in
autumn-winter period in particular. In autumn-winter, for
instance, it is remarkable through high positive loadings
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Table 1. Water quality monitoring stations from which the hydrochemical and river basin data have been used

Code Monitoring station Code Monitoring station Code Monitoring station
R1 Nemunas upstream Druskininkai ~ R41 Susve at the mouth R80 Venta upstream Kur$énai
R3  Nemunas downstream Druskininkai R42 Juosta downstream Jackagalis R81 Venta downstream Kur$énai
R4 Nemunas upstream Alytus R43 Neris at BuivydZiai R82 Venta downstream Mazeikiai
RS Nemunas downstream Alytus R44 Neris upstream Vilnius R83 Virvyté downstream Patekla
R7 Nemunas upstream Prienai R45 Neris downstream Vilnius R84 Masa upstream Kulpé
R8 Nemunas upstream Kaunas R48 Neris upstream Jonava R85 Misa downstream Kulpé
R9 Nemunas downstream Kaunas R49 Neris downstream Jonava R86 MiiSa downstream Salociai
R11  Nemunas downstream Smalininkai R50 Neris upstream Kaunas R87 Sidabra downstream Joniskis
R12 Nemunas upstream Rusné R51  Lomena downstream KaiSiadorys  R88 Sidabra at the border to Latvia
R14 Minija upstream Plungé R52 Sventoji upstream Anyks¢iai R89 Nemun¢lis downstream Panemunis
R15 Minija downstream Plunge R53 Sventoji downstream AnykS¢iai ~ R90 Juodupé¢ downstream Juodupé
R16 Minija downstream Gargzdai R54 Sventoji upstream Ukmerge RI1 Laukupé downstream Rokiskis
R17 Minija downstream Priekulé R55 Sventoji downstream Ukmergé R92 Tatula upstream Birzai
R18 Veivirzas at Veivirzénai R56 Sirvinta upstream Sirvintos R93 Tatula below Birzai
R19 SySa upstream Siluté R57 Sirvinta downstream Sirvintos R9%4 Tatula at TreCionys
R20 Sysa downstream Silute R58 S1esams—Ma}I\L(glséetuZidownstream R95 Leévuo upstream Kupiskis
R21 Jira upstream Taurage R59 Vyzuona downstream Utena R96 Lévuo downstream Kupiskis
R22 Jora downstream Tauragé R60 Vilnia upstream N.Vilnia R97 Lévuo upstream Pasvalys
R23 SeSuvis at Skirgailiai R61 Vilnia at the mouth R98 Lévuo at the mouth
R24 Saltuona downstream Raseiniai R62 Zeimena at Kaltanénai R99 Daugyvéné at the mouth

R25 Lokysta downstream Silal¢ R63

Zeimena downstream Svencionéliai  R100

Kruoja at the mouth

R26 Sesupé at the border to Poland R64 Zeimena upstream Pabradé R101 Obel¢ downstream Radviliskis
R27 SeSup¢ downstream Kalvarija R65 Zeimena downstream Pabradé ~ R102 Obel¢ at the mouth
R28 Sesupé upstream Marijampolé R66 Bika upstream Baluosas R103 Kulp¢ downstream Siauliai
R29  SeSup¢ downstream Marijampol¢ ~ R67 Stréva downstream Semeliskés ~ R104 Kulpé¢ at the mouth
R30 Siesartis downstream Sakiai R68 Stréva at LiGitonys R105  Birvéta at the border to Belarus
R31  Seimena downstream Vilkaviskis ~ R69 Merkys upstream Varéna R106 Laukesa downstream Zarasai
R32  Selmenta at the border to Poland ~ R70 Merkys downstream Puvodiai R127 Skirvyté upstream Rusné
R33 Dubysa upstream Seredzius R71  Skroblus downstream Dubininkai  R133 Sventoji at the mouth
R34 Krazanté upstream Kelmé R73 Salgia downstream Sal¢ininkai R136 Nemunas downstream Kaunas
__atKulautuva
R35 Krazanté downstream Kelmé R74 Akmena-Dané¢ at Tubausiai R137 Sesupe at the borde?
to the Kaliningrad region

. . Akmena-Dan¢ downstream Sventoji at the mouth
R36 Neveézis upstream Panevézys R75 Kretinga R138 at the Baltic Sea
R37  Nevezis downstream Paneveézys ~ R76  Akmena-Dané upstream Klaipeda R141 Svoglna-\%g;;l?;;alilpstream
R38 Nevezis upstream Keédainiai R77 Akmena-Dané¢ at the mouth R142 Sirvinta at the mouth
R39 Nevézis downstream Kédainiai R78 Bartuva upstream Skuodas R143 Siesartis at the mouth
R40  Nevézis upstream Raudondvaris ~ R79 Bartuva downstream Skuodas R150 Jiesia at Jiestrakis

of BOD;, NH,-N, NO»-N, Ny, Por, Na*, K, CI7, PO,-P
and high negative loadings of O, and 0,% (Fig. 2). Simi-
lar parameters are related to this factor in other seasons as
well. The factor is especially profound in small rivers
downstream larger settlements where low dilution capaci-
ty translates into high pollutant concentrations (Figs 3-4).
The process was also confirmed by the results of the local
factor analysis. It can be noticed from the Table 2 almost
the same correlating parameters and situations, when pol-
lutant concentrations ascent as a consequence of reduced
flow and dilution capacity in drier periods.
Agro-geological factor is the second most pronounced
one in terms of variables explained and is common for all
periods as well. It is expressed by high positive loadings on
NO;-N, SO,*, Ca*’, Mg2+ and high negative ones on total
Fe and Si among others (Fig. 2).
Elevated concentrations of NOs-N, SO,*, Ca*" and
Mg”" are found in northern Lithuanian karstic zone with
prevailing limestone, dolomite or gypsum bedrock

(Figs 3—4). This zone is also characterized by fertile low-
lands with sod-gley soils and wide tracts of arable lands —
this is one of the most intensive agricultural regions in
Lithuania. Consequently, nitrates pose an acute water qual-
ity problem there. On the other hand, geological processes
also determine relatively high concentrations of total Fe
and Si, although this occurs mostly in rivers flowing
through eastern and southeastern Lithuanian region of pod-
zolic soils, sandy bedrock, marshes or pastures (Figs 3—4).

Elevated total Fe and Si levels are related to more acid
conditions there. Low pH guarantees greater weathering
and solubility of those elements from different chemical
compounds and soil minerals. The main agents here are
humic and fulvic acids, which tend to create colloidal or-
ganic complexes with Fe, Al and Si that do not precipitate.
Although in general eastern Lithuanian rivers are less en-
riched with organic matter than the rivers from other re-
gions, the former are more abundant with acid organic
compounds.
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Table 2. Wastewater factor loadings at the river monitoring sites where there is a well-pronounced wastewater impact

River monitoring stations

Parameter R101 R103 R104 R87 R88 R91 R30 R98 R37 R85  R31
Q -0.70 046 —0.53

SK —0.51 —0.94

SM 0.75 0.84

pH —0.66

0, -0.62

0,% -0.55

BOD, 0.90 0.87

COD¢, 0.55 0.77

CODyy, 0.44 0.91

NH,-N 0.61 0.52 0.57 0.82 0.68 0.75 0.67 0.84
NO,-N 0.74 0.41 0.46 0.68

Nore 0.77 0.72 0.62

PO,-P 0.59 0.73 0.81 0.62 0.73 058
Py 0.57 0.46 0.59 0.70
Ca* -0.56

Mg™* 041 0.71
Na' 0.77 0.77 0.79 0.61 0.87 0.86 0.90 089  0.66
K 0.70 0.50 0.62 0.85 0.83 0.87 0.79  0.76
Si 0.83

HCO5 0.59 0.60

SO 0.82 0.74 0.46 0.78 0.87

Cr 0.78 0.72 0.80 0.51 0.75 0.86 0.79 0.84 0.88
Fe 0.75 0.57 0.76

Max.* - - - — S—W - S-W - - — -

*Max. — the season of maximum wastewater impact on river water quality; S — summer; W — autumn-winter; - no seasonal variation.
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Fig. 2. The wastewater and the agro-geological factor loading plot (autumn-winter season)

The last common factor for all time periods is named
as hardly degradable organics (HDO) one. It shows up
with high loadings on TOC, COD¢, and CODy;, (Fig. 5).

The HDO factor is particularly strongly expressed in
northern and central Lithuanian region of fertile soils
where the biggest amounts of seasonal vegetation are
produced (Figs 6—7). Vegetational detritus finds its way
to rivers already partially decomposed on the way, leav-

ing the remaining organic material that breaks down
much slower. As expected, the process manifests itself
most strongly in summer period when the bulk of vegeta-
tion is being produced.

There are also a number of factors that are character-
istic only to particular seasons. The photosynthesis-
vegetation factor is of particular relevance in the summer
period. It is reflected by high positive loadings on BOD,
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SM, pH, O,, 0,%, Q, V, T and high negative loadings on
SK (Fig. 5). The process of photosynthesis and production
of vegetation organics is driven by intensive proliferation
of phytoplankton, which manifests itself in elevated levels
of SM and BODs in river water. Photosynthetic reactions
push up pH values as well as dissolved oxygen content.
This happens despite the rule of thumb that in normal
conditions when oxygen is not artificially added and the T
increases, O, levels usually decrease because of the lower
carrying capacity for this element in warmer waters.
Greater Q, V and T values indicate big rivers, the waters
of which warm up more in the summer. The factor is con-
fined only to the Nemunas and Neris — Lithuanian largest
rivers (Figs 6, 7). Here the conditions partly resemble
lakes, where a big depth limits growth possibilities for
macrophytes. Therefore, the lack of competition and
warmer water creates perfect conditions for phytoplankton
to thrive.
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The conclusions are further confirmed by the results
of the local factor analysis at separate monitoring stations in
the Neris and Nemunas rivers. As seen from the Table 3,
the photosynthesis-vegetation factor is also very much visi-
ble — upsurge of BOD,, SM, pH, O,, 0,% coincides with
higher temperatures, indicating warmer season.

Aeration-organic decay factor is characteristic to au-
tumn-winter period. It scores high on pH, O,, O,% as well
as on V and Q (Fig. 8). The factor lifts pH, O, and O,% by
means of increased turbulence in more water abundant and
fast flowing rivers, which include the Nemunas and some
western Lithuania rivers that flow from highlands. Turbu-
lence enhances water aeration. It also make it harder for ice
to form, therefore conditions for aeration are enhanced
while those for organic matter accumulation and decay are
significantly worsened. The opposite situation is found in
smaller and slower rivers of the Lithuanian north, where
weak connection with groundwater makes it even easier for
ice to form.
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Table 3. Photosynthesis-vegetation factor loadings at the river monitoring sites where photosynthesis processes are well pronounced

in the summer period

River monitoring stations

Parameter R11 R4 R48 R1 R44 R43
T 0.81 —0.77 0.68 —0.79 -0.90 0.86
SK —0.83 —0.82 0.82 0.78 —0.85
SM 0.81 —0.61 0.75 —0.68 -0.73 0.62
pH 0.80 —0.42 —0.75 —0.62 0.62
0, 0.51 0.63 -

0,% 0.88 0.44 -0.47 —0.77 0.66
BOD; 0.87 —0.85 0.87 —0.55 —0.83 0.78
CODc, 0.58 —0.52 0.70 —0.45

CODyy, 0.80 —0.65 0.65 —0.61 047

NH,-N 0.40 —0.69
NO,-N —0.43 0.88 —0.55
NOs;-N 0.67 0.85 0.72 —0.85
Nore —0.56

PO,-P —0.77 0.48 —0.45 0.87 0.74 —0.64
Poe 0.75 0.84

Ca” —0.49 0.74

Si —0.81 0.75 —0.73
Max.** S-Sp S S Sp-S S—Sp S—Sp

**Max. — Season of intensive photosynthesis process; S — summer; Sp — spring.
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Fig. 7. River monitoring stations significantly affected by the hardly degradable
organics (left) and the photosynthesis-vegetation factor (right) in the summer season
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Turbidity factor is also an autumn-winter process,
which involves high positive loadings on SM and high
negative loadings on SK (Fig. 8). The origin of high SM is
variable. Strong factor influence in western Lithuanian riv-
ers is related to hilly landscape and frequent floods, what
translates into influx of erosion materials (Figs 9, 10).
Larger factor scores in some small northern Lithuanian riv-
ers might be due to heavy hardly permeable surfaces, lead-
ing to effective flushing of surface runoff to rivers together
with SM particles. SM in the Nemunas might be related to
turbulence and pick up of material from the river bed.

There are also other factors influencing water quality
in different seasons, however they are of less importance.
It can be said in general that in all seasons the six factor
structure explained approximately 80% of common varia-
tion, which seems to be a relatively good result. Na', C1"
and K" are especially well explained parameters. Howev-
er, there are some indicators, like Fe, Si or HCOj5', the
explanation of which falls to the lows of 60% in some
seasons. In those instances it is clear, that there are some
unexplained factors behind those parameters, which are
not related to all other quality indicators.

It can be seen from the results that factor analysis is
capable of uncovering natural as well as human induced
processes that affect water quality of rivers and can be
successfully applied to Lithuanian situation.

The soundness of the FA has been subjected to a
wide range of applications in water quality studies. One
group of researchers (Papatheodorou et al. 2006; Spanos
et al. 2003) used time series at one particular sampling
location as input for factor analysis, termed as local factor
analysis in this study. This makes it possible to distin-
guish among season dependent factors and the indepen-
dent ones. The samples then are usually grouped accor-
ding to affecting factors. This approach enables a detailed
examination of processes in a particular location. Another
group of authors (Alberto et al. 2001; Aruga et al. 1995;
Boyacioglu, H., Boyacioglu, H. 2007; Brodnjak-Voncina
et al. 2002; Charkhabi et al. 2006; Fitzpatrick et al. 2007,
Kannel et al. 2007; Kowalkowski ef al. 2006; Marques da
Silva et al. 2001; Mendiguchia et al. 2004; Morales et al.
1999; Omo-Irabor et al. 2008; Ouyang et al. 2006; Qadir
et al. 2008; Santos-Roman ef al. 2003; Schaefer, Einax
2010; Simeonov et al. 2002; Simeonov et al. 2003; Singh



Journal of Environmental Engineering and Landscape Management, 2013, 21(1): 26-35 33

a) """"" VTt T coTTTTTTTRTT
24- ;e ' '
164 A

e mie o .
0.8+ TR R S g
+ O:.O'.& 8 o uu;él o
0—.-""*";35'_':' """"" T S » "d'E""n'E. """
© + °%®® ®* # 0o .o
o + . o o .
L ‘0-8_..+. ...... ;...0.’....4'.. ........ Ceemeeeaaa I
8 . 3 M . o..t.: uﬂ
we e Tee b S
2.4 . .
g g
S IR SIS o
-4.84
T T T T T T T T T
-2 15 1 -05 0 05 1 15 2

Factor 3

b)
2.4-
1.6 .
0.84+ 3 HER
03
08 ...t
-1.64
2.4
-3.24 : , :
oo
-4.8 . ' ' ' '
2 15 -1

Factor 6

-05 0 05 1 15 2
Factor 3

Fig. 9. Groupings of river monitoring stations along the axis of the acration-organic (a) decay (3*) and the turbidity (b) factor (6" in
the autumn-winter season (boxes — stations with most negative coordinates (factor scores),
crosses — stations with most positive coordinates)

Factor impact
@ wowozo% |
@ Not significant

@ High 02,02%

% P ;’1‘;_£‘.‘1 J\
/ Yrann

‘@
@i ] ‘©RE;

35
* '.ms R34‘-R oTe @ RS2 ng
}\ R17 @ Ras @6‘ ;
127 ,\ 3 141 .
b 'RZ& . 32 @
U B 3@ (\ % ’
e3R8 . ol
Factor impact 137 ‘

% “ade

' High turbidity 8
Not significant
,-
@ High transparancy L—-

Fig. 10. River monitoring stations significantly affected by the aerauon-orgamc decay (left)
and the turbidity factor (right) in the autumn-winter season

et al. 2006; Spanos et al. 2003; Tarrado ef al. 2006; Vega
et al. 1998; Vidal et al. 2000; Voutsa et al. 2001; Zhou
et al. 2007) pool the data from many sampling sites toge-
ther to act as an input for factor analysis, termed as spa-
tial factor analysis in this study. This type of method ap-
plication is more common since it provides an opportuni-
ty to extract spatial factors acting in space and to group
sampling sites and even samples according different fac-
tors. This type of method utilization prooved to be very
convenient in terms of visualisation. For instance, Tarra-
do et al. (2006) visualized factor scores gradient along
the river Ebro in Spain.

In addition to solitary use the method can be succesfu-
ly applied in conjunction with other multivariate techni-
ques. The most often combination is with cluster analysis,
when factor analysis is applied to search for affecting pro-
cesses in separate clusters (Fitzpatrick ef al. 2007; Kannel
et al. 2007; Reisenhofer ef al. 1998; Schaefer er al. 2010;
Simeonov et al. 2002; Zhang et al. 2009) or to confirm the
designated clusters (Alberto ef al. 2001; Boyacioglu, H.,
Boyacioglu, H. 2008; Mendiguchia ef al. 2004; Omo-
Irabor ef al. 2008; Razmkhah ef al. 2010; Simeonov ef al.
2003; Singh et al. 2006; Vidal et al. 2000).

In practice when investigating river water status and
the reasons behind it, it is recommended to apply factor

analysis in combination with water quality modeling and
other multivariate statistical methods. When using those
methods in combination, modeling approach has an ad-
vantage in quantification of inputs and impacts of differ-
ent pollution sources on river water quality — this is a fea-
ture needed for the selection of water status enhancing
measures and the estimation of their potential effective-
ness. However, factor analysis could potentially identify
impacts and processes that the models could not reveal.
This is quite a common occurrence, because modeling re-
sults are very much dependent on their structure and the
input data — if there is a lack of information on particular
sources of substances or it is even not expected that par-
ticular pollution sources exist in the investigated area, then
this contaminant flow will not be taken into account in the
modeling results. Another advantage of factor analysis is
its ability to uncover situations, when water quality prob-
lems are caused by natural processes and it is not feasible
to take any measures to improve water quality.

It is recommended to consider factor analysis as one
of possible tools when optimizing river monitoring net-
work and the parameters analyzed. In this case factor
analysis tool would be most appropriate if the task is to
select stations, representative of particular types of hu-
man impacts or natural processes as well as to select the
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most important processes-related parameters to measure
there. However, when the task is to identify stations rep-
resentative of stations groups with different levels of
physico-chemical elements concentrations, the combina-
tion of cluster (CA) and discriminant analysis (DA) is
recommended. CA and DA will enable to group stations
according to the similarity of the concentrations of the
substances as well as to identify parameters that differ the
most among clusters. The identified parameters should be
subject to monitoring afterwards. If there is a need to sat-
isfy all the aforementioned needs then a combined use of
FA, CA and DA methods is recommended.

Conclusions

1. The status of water ecosystems and the reasons be-
hind it can be determined in a confident and complex way
by simultaneously assessing all physico-chemical data and
its interrelationships by the use of appropriate multivariate
statistical methods. Such kind of the analysis empowers the
understanding of not only separate water ecosystem com-
ponents but also of the whole interacting system, enabling
to take better water management decisions.

2. The combination of spatial and local factor analy-
sis can be successfully applied as a tool, which can simul-
taneously group river monitoring sites into groups of sim-
ilar values of particular water quality parameters and
identify main processes that determine water quality in
those groups.

3. The Wastewater, Agro-geological and Hardly de-
gradable organics factors are the main ones affecting
Lithuanian river water quality in all seasons.

4. Wasterwater factor is prominent in small rivers
downstream larger towns and is reflected by low oxygen
and high NH4-N, NO»-N, N, PO,-P, Py, CODg;, Na',
K", CI" concentrations in water.

5. Agro-geological factor is pronounced in northern
Lithuania‘s rivers of heavy carbonated soils and inten-
sively used agricultural lands in their catchments which
determine elevated Ca®’, Mg2+, HCOj; and SO,* content
in streamwater, as well as in south-eastern Lithuania‘s
rivers where more acidic soils prevail in their watersheds
determining higher abundance of Fe and Si.

6 Hardly degradable organics factor is mostly evi-
dent in northern and middle Lithuania‘s rivers draining
heavy-textured soils in fertile agricultural areas securing
increased quantities of COD¢,, COD);, and TOC.

7 The photosynthesis-vegetation factor is acting only
in the summer season and only in Lithuanian largest riv-
ers, and is represented by abundance of suspended organ-
ics (SM, BOD»), elevated pH and dissolved oxygen lev-
els, resulting from intensive algal photosynthetic activity
that is common in big rivers.

8. The Aeration and Turbidity factors represent the
processes that take place in autumn-winter only. The former
being noticeable by relatively high dissolved oxygen con-
tent in large Lithuanian rivers, while the latter being known
for turbid waters of hilly region of western Lithuania.

References

Alberto, W. D.; Del Pilar, D. M.; Valeria, A. M.; Fabiana, P. S.;
Cecilia, H. A.; De Los Angeles, B. M. 2001. Pattern recog-
nition techniques for the evaluation of spatial and temporal
variations in water quality. a case study: Suquia river basin
(Cordoba-Argentina), Wat. Res. 35: 2881-2894.
http://dx.doi.org/10.1016/S0043-1354(00)00592-3

Aruga, R.; Gastaldi, D.; Negro, G.; Ostacoli, G. 1995. Pollution
of a river basin and its evolution with time studied by mul-
tivariate statistical analysis, Analytica Chimica Acta 310:
15-25. http://dx.doi.org/10.1016/0003-2670(95)00101-5

Azzellino, A.; Salvetti, R.; Vismara, R.; Bonomo, L. 2006. Com-
bined use of the EPA-QUAL2E simulation model and fac-
tor analysis to assess the source apportionment of point and
non point loads of nutrients to surface waters, Science of the
Total Environment 371: 214-222.
http://dx.doi.org/10.1016/j.scitotenv.2006.03.022

Boyacioglu, H.; Boyacioglu, H. 2007. Surface water quality as-
sessment by environmetric methods, Environ. Monit. As-
sess. 131: 371-376.
http://dx.doi.org/10.1007/s10661-006-9482-4

Boyacioglu, H.; Boyacioglu, H. 2008. investigation of temporal
trends in hydrochemical quality of surface water in Western
Turkey, Bulletin of Environmental Contamination and
Toxicology 80: 469-474.
http://dx.doi.org/10.1007/s00128-008-9439-0

Brodnjak-Voncina, D.; Dobcenik, D.; Novic, M.; Zupan, J. 2002.
Chemometrics characterisation of the quality of river water,
Analytica Chimica Acta 462: 87-100.
http://dx.doi.org/10.1016/S0003-2670(02)00298-2

Charkhabi, A. H.; Sakizadeh, M. 2006. Assessment of spatial
variation of water quality parameters in the most polluted
branch of the Anzali wetland, Northern Iran, Polish Jour-
nal of Environmental Studies 15: 395-403.

Directive 2000/60/EC of the European Parliament and of the
Council of 23 October 2000 establishing a framework for
Community action in the field of water policy. Official
Journal (OJ L 327).

Fitzpatrick, M. L.; Long, D. T.; Pijanowski, B. C. 2007.
Exploring the effects of urban and agricultural land use on
surface water chemistry, across a regional watershed, using
multivariate statistics, Applied Geochemistry 22: 1825—
1840. http://dx.doi.org/10.1016/j.apgeochem.2007.03.047

Kannel, R. P.; Lee, S.; Kanel, S. R.; Kahn, S. P. 2007. Chemo-
metric application in classification and assessment of moni-
toring location of an urban river system, Analytical Chimica
Acta 582:390-399.
http://dx.doi.org/10.1016/j.aca.2006.09.006

Koklu, R.; Sengorur, B.; Topal, B. 2010. water quality assessment
using multivariate statistical methods-a case study: melen
river system (Turkey), Water Resources Management 24:
959-978. http://dx.doi.org/10.1007/s11269-009-9481-7

Kowalkowski, T.; Zbytniewski, R.; Szpejna, J.; Buszewski, B.
2006. Application of chemometrics in river water classifica-
tion, Water Research 40: 744-752.
http://dx.doi.org/10.1016/j.watres.2005.11.042

Kunwar, P. S.; Malik, A.; Sinha, S. 2005. Water quality asses-
sment and apportionment of pollution sources of Gomti ri-
ver (India) using multivariate statistical techniques — a case
study, Analytica Chimica Acta 538: 355-374.
http://dx.doi.org/10.1016/j.aca.2005.02.006



Journal of Environmental Engineering and Landscape Management, 2013, 21(1): 26-35 35

Marques da Silva, A. M.; Sacomani, L. B. 2001. Using chemical
and physical parameters to define the quality of Pardo river
water (Botucatu — SP-Brazil), Water Research 35: 1609—
1616. http://dx.doi.org/10.1016/S0043-1354(00)00415-2

Mendiguchia, C.; Moreno, C.; Galindo-Riano, M. D.; Garcia-
Vargas, M. 2004. Using chemometric tools to assess ant-
hropogenic effects in river water. a case study:
Guadalquivir river (Spain), Analytica Chimica Acta 515:
143-149. http://dx.doi.org/10.1016/j.aca.2004.01.058

Morales, M. M.; Marti, P.; Llopis, A.; Campos, L.; Sagrado, S.
1999. An environmental study by factor analysis of surface
seawaters in the gulf of Valencia (Western Mediterranean),
Analytica Chimica Acta 394: 109-117.
http://dx.doi.org/10.1016/S0003-2670(99)00198-1

Omo-Irabor, O. O.; Olobaniyi, S. B.; Oduyemi, K.; Akunna, J.
2008. Surface and groundwater water quality assessment
using multivariate analytical methods: a case study of the
Western Niger Delta, Nigeria, Physics and Chemistry of the
Earth 33: 666—673.
http://dx.doi.org/10.1016/j.pce.2008.06.019

Ouyang, Y.; Nkedi-Kizza, P.; Wu, Q. T.; Shinde, D.; Huang, C. H.
2006. Assessment of seasonal variations in surface water
quality, Water Research 40: 3800-3810.
http://dx.doi.org/10.1016/j.watres.2006.08.030

Papatheodorou, G.; Demopoulou, G.; Lambrakis, N. 2006. A
long-term study of temporal hydrochemical data in a
shallow lake using multivariate statistical techniques, Eco-
logical Modelling 193: 759-776.
http://dx.doi.org/10.1016/j.ecolmodel.2005.09.004

Povilaitis, A. 2003. Pagrindiniy jony koncentracijy karstinio re-
giono upése panasumy ir skirtumy statistinis jvertinimas
[Statistical assessment of similarities and differences in the
concentrations of the main ions in the carstic region rivers],
Vandens itkio inZinerija 22(44): 5-14.

Qadir, A.; Malik, R. N.; Husain, S. Z. 2008. Spatio-temporal va-
riations in water quality of Nullah Aik-tributary of the river
Chenab, Pakistan, Environ. Monit. Assess. 140: 43-59.
http://dx.doi.org/10.1007/s10661-007-9846-4

Razmkhah, H.; Abrishamchi, A.; Torkian, A. 2010. Evaluation of
spatial and temporal variation in water quality by pattern
recognition techniques: a case study on Jajrood River (Te-
hran, Iran), Journal of Environmental Management 91:
852-860. http://dx.doi.org/10.1016/j. jenvman.2009.11.001

Reisenhofer, E.; Adami, G.; Barbieri, P. 1998. Using chemical
and physical parameters to define the quality of karstic
freshwaters (Timavo River, North-eastern Italy): a chemo-
metric approach, Water Research 32: 1193—1203.
http://dx.doi.org/10.1016/S0043-1354(97)00325-4

Santos-Roman, D. M.; Warner, G. S.; Scatena, F. 2003. Multiva-
riate analysis of water quality and physical characteristics of
selected watersheds in Puerto Rico, Journal of the Ameri-
can Water Resources Association 39: 829-839.
http://dx.doi.org/10.1111/j.1752-1688.2003.tb04408.x

Schaefer, K.; Einax, J. W. 2010. Analytical and chemometric cha-
racterization of the Cruces River in South Chile, Environ-
mental Science and Pollution Research 17: 115-123.
http://dx.doi.org/10.1007/s11356-009-0116-6

Simeonov, V.; Einax, J. W.; Stanimirova, L.; Kraft, J. 2002. Envi-
ronmetric modeling and interpretation of river water moni-
toring data, Analytical and Bioanalytical Chemistry 374:
898-905. http://dx.doi.org/10.1007/s00216-002-1559-5

Simeonov, V.; Stratis, J. A.; Samara, C.; Zachariadis, G.; Vou-
tsa, D.; Anthemidis, A.; Sofoniou, M.; Kouimtzis, T. 2003.
Assessment of the surface water quality in Northern Greece,
Water Research 37: 4119-4124.
http://dx.doi.org/10.1016/S0043-1354(03)00398-1

Singh, K. P.; Malik, A.; Singh, V. K. 2006. Chemometric analysis
of hydro-chemical data of an alluvial river - a case study,
Water, Air, and Soil Pollution 170: 383—404.
http://dx.doi.org/10.1007/s11270-005-9010-0

Sojka, M.; Siepak, M.; Ziola, A.; Frankowski, M.; Murat-
Blazewska, S.; Siepak, J. 2008. Application of multivariate
statistical techniques to evaluation of water quality in the
Mala Welna River (Western Poland), Environ. Monit. As-
sess. 147: 159-170.
http://dx.doi.org/10.1007/s10661-007-0107-3

Spanos, T.; Simeonov, V.; Stratis, J.; Xristina, X. 2003. Asses-
sment of water quality for human consumption, Microchim
Acta 141: 35-40.
http://dx.doi.org/10.1007/s00604-002-0921-9

Tarrado, M.; Barcelo, D.; Tauler, R. 2006. Identification and dist-
ribution of contamination sources in the Erbo river basin by
chemometrics modeling coupled to geographical informa-
tion systems, Talanta 70: 691-704.
http://dx.doi.org/10.1016/j.talanta.2006.05.04 1

Vaikasas, S. 2010. Mathematical modelling of sediment dyna-
mics and their deposition in Lithuanian rivers and their
deltas (case studies), Journal of Environmental Enginee-
ring and Landscape Management 18(3): 207-216.
http://dx.doi.org/10.3846/jeelm.2010.24

Vega, M.; Pardo, R.; Barrado, E.; Deban, L. 1998. Assessment of
seasonal and polluting effects on the quality of river water
by exploratory data analysis, Water Research 32: 3581—
3592. http://dx.doi.org/10.1016/S0043-1354(98)00138-9

Vidal, M.; Lopez, A.; Santoalla, M. C.; Valles, V. 2000. Factor
analysis for the study of water resources contamination due
to the use of livestock slurries as fertilizer, Agricultural
Water Management 45: 1-15.
http://dx.doi.org/10.1016/S0378-3774(99)00073-6

Voutsa, D.; Manoli, E.; Samara, C.; Sofoniou, M.; Stratis, 1. 2001.
A study of surface water quality in Macedonia, Greece:
speciation of nitrogen and phosphorus, Wat., Air. Soil. Poll.
129: 13-32. http://dx.doi.org/10.1023/A:1010315608905

Zhang, Y.; Guo, F.; Meng, W.; Wang, X. 2009. Water quality as-
sessment and source identification of Daliao river basin
using multivariate statistical methods, Environmental Moni-
toring and Assessment 152: 105—121.
http://dx.doi.org/10.1007/s10661-008-0300-z

Zhou, F.; Guo, H.; Liu, Y.; Jiang, Y. 2007. Chemometrics data
analysis of marine water quality and source identification
in Southern Hong Kong, Marine Pollution Bulletin 54:
745-756.
http://dx.doi.org/10.1016/j.marpolbul.2007.01.006

Mindaugas GUDAS. Doctor of Environmental Engineering and Landscape Management (degree awarded in 2010 at the
Lithuanian University of Agriculture), Director of the Environmental Status Assessment Department at the Lithuanian
Environmental Protection Agency. Publications: author of 5 research papers. Main research areas: water quality, water

quality improvement measures, statistical methods.

Arvydas POVILAITIS. Dr (HP), Professor of the Department of Water Management, Aleksandras Stulginskis Universi-
ty (ASU). Publications: author of over 60 research papers. Main research areas: hydrology, water quality, statistical meth-

ods, mathematical modelling.





