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Application of factor analysis in identification of dominant hydrogeo-

chemical processes of some nitrogenous groundwater of Serbia
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Abstract. Multivariate statistical analyses are used for reducing large datasets to a smaller number of
variables, which explain main hydrogeochemical processes that control water geochemistry. Factor analysis
(FA) allows discovering intercorrelations inside the data matrix and grouping of similar variables, i.e.
chemical parameters. In this way new variables are extracted, which are called factors, and each factor is
explained by some hydrogeochemical process. Applying FA to a dataset that consists of 15 chemical
parameters measured on 40 groundwater samples from Serbia, four factors were extracted, which explain
73.9% of total variance in the analyzed dataset. Interpretation of obtained factors indicated several
hydrogeochemical processes: the impact of sea water intrusions and volatiles in previous geological periods,
solutes diffusion from the marine clay, cation exchange and dissolution of carbonate and silicate minerals.
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AncrpakT. MynTuBapyjaHTHEe CTAaTUCTHYKE METOJE KOPHCTE Ce Y LIMJbY CBOlera BEIMKOT Opoja mojaraxa
Ha MamH Opoj MPOMEHJBHBHX, KOje HajOoJbe 00janmaBajy TOMHHAHTHE XUIPOTCOXEMH]CKE MPOIECe OATO-
BOpHE 32 (hopMHpamke cacTaBa oa3eMHHUX Boja. dakTopHa aHanmu3a oMoryhiaBa OTKpHBambe HHTEPKOpETalija
YHyTap CKyIla Iojaraka, Tj. Ipylucame rnapamerapa koju cy melycoOHo kopenucanu. Ha Taj HaumH ce
n3/1Bajajy T3B. (JaKTOpH, IPH YeMy ce CBaku (akTop objarmasa ofipeljeHIM XUAPOTeOXEMHjCKUM ITPOIIECOM.
[Tpumenom akTopHe aHaIHM3€ HA MaTPHILy CadMIbeHy of 15 mapamerapa XxeMHjcKor cactaBa oapehuBaHuX Ha
40 y3opaka mom3eMHUX Bojma ca Teputopuje CpOuje, m3nBojeHa Cy yetupu (pakropa, KOju 00jaimbaBajy
ykymHO 73,9% ykymHe BapHujaHce momaraka. MHTepmperanuja qo0ujeHUX (akTopa ykaszana je Ha cienche
XHUIPOTEOXEMH]CKE MPOLIECE: YTHUIIA] MOPCKE CPEIMHE U BYJIKAaHCKHX HMCHApera y TEOJIOIIKOj MPOIUIOCTH,
HCTHCKUBAKE Be3aHe BOJE M3 IIMHA MAapHHCKOT MOpPEKJIa, KATjOHCKY U3MEHY U pacTBapame KapOOHATHUX U
CHJIMKaTHHX MHUHepaJa.

Kibyune peun: dakropHa aHamu3a, XHIPOICOXEMHU)CKHU MPOIIECH, MOA3EMHE Boje, haKkTOpCcku Koeduiu-
jeutn, Cpouja.

Introduction

Assessment of the results of chemical analyses of
groundwater often involves a large number of data,
rendering the interpretation and presentation of all the
information available to the researcher rather chal-
lenging. Multivariate statistical methods are very use-
ful tools in hydrogeochemical research, as they allow
for the organization and simplification of large
datasets. They are a significant contributor to the esta-
blishment of correlations between the analyzed chem-
ical parameters, but also to the assessment of similar-
ities between samples (i.e. groundwater occurrences).

The goal of multivariate statistical methods is to iden-
tify the hydrogeochemical processes that govern the
formation of groundwater composition. If the geologi-
cal and hydrogeological characteristics of the aquifer
are known, by applying these methods it is possible to
determine the origin and circulation pathways of
groundwater. Multivariate statistical methods are also
used to define migration factors and the distribution of
certain elements. They can point out certain anomalies
in the chemical composition of groundwater, for
example those of anthropogenic nature (HELENA ef al.
1999; CLOUTIER et al. 2008; YIDANA et al. 2008; Su-
VEDHA et al. 2009).
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One of the methods often applied in hydrogeoche-
mistry is factor analysis (FA). It uncovers inter-cor-
relations within datasets or allows for mutually-corre-
lated variables to be grouped. The main goal of factor
analysis is to isolate as few as possible new variables,
which are called factors, in order to explain the vari-
ance of a large number of analytical data. Consequ-
ently, the purpose of this method is to reduce a large
number of variables (measured chemical parameters)
to the smallest possible number of factors, which are
then subjected to interpretation (DREVER 1997; Davis
1986; CLOUTIER et al. 2008).

Study area

In this research 40 occurrences of Serbian ground-
water (Fig. 1) were analyzed and a total of 15 chemi-
cal parameters were determined for each sample (ma-
cro and micro components, temperature and pH). Ana-
lyzed groundwaters are of nitrogenous composition,
with a relatively low content of carbon dioxide (in
most cases < 100 mg/L CO,). Sampled groundwaters
belong to different geological formations, comprised
of igneous, sedimentary and metamorphic rocks, and
the majority of these groundwater occurrences are
located in Inner Dinarides (14 samples), Vardar Zone
(20 samples) and Serbian-Macedonian Massif (six
samples). Geological, structural and hydrogeological
conditions in the area of investigated groundwaters
are very complex. Different types of the Proterozoic
to Paleozoic crystalline schists are present, and also
varieties of Paleozoic and Mesozoic sediments, gran-
itoide intrusions and the Tertiary volcanic rocks, and
also characteristic oceanic elements (DIMITRIEVIC
1995). Analyzed groundwaters are from different
types of aquifers formed in these rocks, with the pre-
dominance of fracture aquifers.

Factor analysis was applied to this dataset to iden-
tify the dominant hydrogeochemical factors and pro-
cesses that lead to the formation of the groundwater
composition.

Methods

Factor analysis was applied to a set of hydrogeo-
chemical data comprised of 15 measured chemical
composition parameters of 40 groundwater samples
collected in Serbia. The concentrations (in mg/L) of
the following elements were analyzed: calcium, mag-
nesium, sodium, potassium, chlorine, hydrocarbonate,
sulfate, silicon, fluorine, boron, lithium, strontium and
carbon dioxide, as was temperature (°C) and pH. IBM
SPSS Statistics 19.0 software was used for statistical
analysis.

Elementary statistical quantities (arithmetic mean,
minimum and maximum values, median, etc.) were
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Fig. 1. Position of the study area, with the locations of ana-
lyzed groundwaters. Investigated geological-tectonic units
of Serbia: ID, Inner Dinarides; VZ, Vardar Zone; SMM,
Serbian-Macedonian masif.

determined for the analyzed set of the hydrochemical
data. All the variables were subjected to In-transfor-
mation (computation of natural logarithm of all the
analyzed data). The transformed data complied with
the normal distribution criterion, corroborated by the
Kolmogorov-Smirnov test.

The number of the extracted factors was deter-
mined based on the Kaiser criterion (KAISER 1960),
according to which only those factors whose eigen-
value (characteristic value of the correlation matrix)
is greater than one are taken into account. This was
consistent with Cattell’s scree plot, where factors con-
stituted the X axis and their eigenvalues the Y axis.
The curve was cut-off at the point of inflexion and the
portion of the curve that exhibited a less steep decline
was discarded (CATTELL 1966). To facilitate interpre-
tation of the extracted factors, varimax orthogonal
rotation was applied to enhance the contribution of
significant variables and reduce that of less significant
ones (HELENA et al. 1999; FIELD 2005).

Results

Based on the elementary statistical quantities shown
in Table 1, it was concluded that the concentrations of
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most of the measured parameters did not follow nor-
mal distribution. Their distribution histograms were
positively skewed, as indicated by distinctly positive
coefficients of asymmetry (Table 1). For this reason
In-transformed data were used in factor analysis.

gether accounted for 73.9% of the total variance of the
analyzed data. Table 2 shows the extracted factors,
their factor loadings and the attributed percentage of
the variance. Factor loadings represent coefficients
of correlation between the variables and factors or, in

Table 1. Elementary statistical quantities for the 40 groundwater samples.

Parameters Minimum Maximum Range Mean Median Skewness
Temperature (°C) 13.10 83.20 70.10 28.36 21.10 1.72
pH 6.60 9.23 3.17 7.47 7.32 0.74
CO, (mg/L) 0.00 171.24 171.24 51.84 35.20 1.01
Ca™ (mg/L) 0.00 130.26 130.26 51.21 46.89 0.48
Mg™ (mg/L) 1.82 96.31 94.49 22.12 13.98 1.93
Na’ (mg/L) 2.50 684.00 681.50 139.42 64.10 1.87
K’ (mg/L) 0.20 51.20 51.00 5.80 2.60 3.90
CI' (mg/L) 2.00 223.34 221.34 44.20 21.98 2.04
HCO, (mg/L) 124.44 1770.00 1645.56 504.04 400.00 2.35
So,” (mg/L) 1.20 240.00 238.80 35.39 15.40 2.65
SiO, (mg/L) 9.39 91.60 82.21 32.59 25.10 1.27
F (mg/L) 0.05 13.00 12.95 1.62 0.70 3.12
B (mg/L) 0.00 32.60 32.60 2.02 0.29 5.09
Li" (mg/L) 0.003 478 4.777 0.31 0.10 5.21
Sr’” (mg/L) 0.004 2.10 2.096 0.46 0.27 1.56

The application of factor analysis to the set of 15
variables (i.e. chemical parameters) determined for 40
groundwater samples produced four factors that to-

Table 2. Factor loadings and percentage of variance explained by the four extracted
factors, with varimax rotation (values in bold represent loadings with absolute val-

other words, they indicate the relative contribution of a
certain variable to each of the extracted factors (FIELD
2005). In this example, only the factor loadings whose
absolute value was greater than
0.5 (bolded values in Table 2)
were interpreted (STEVENS

ues > 0.5). 1992). It was apparent that sev-
eral variables exhibited high
Parameters Factor 1 | Factor2 | Factor3 | Factor 4 loadings on each factor, such
that the 15 initial variables we-
B 0.901 -0.190 0.085 0.045 re classified into four groups,
Na’ 0.891 -0.270 0.164 0.158 depending on their mutual sim-
Cl 0.858 0.037 0.121 -0.020 ilarity, to facilitate subsequent
K' 0.687 0.223 0.275 0.274 interpretation.
Li 0.649 -0.112 0.375 0.366 The first two factors acco-
HCO, 0.632 0473 | 0430 | -0.040 unted for nearly 50% of the
i
2+
Ca2+ -0.240 0.808 -0.210 -0.049 for 13.3% and 11.6%, respec-
Sr 0.207 0.721 0.036 0.050 tively. The first factor featured
Mg” -0.260 0.620 -0.219 0.067 very high positive loadings of
T 0.202 0.093 0.862 -0.025 B, Na* and CI- (> 0.85), as
Sio, 0.205 -0.256 0.742 0.357 well as high positive loadings
SO, 0.191 -0.087 0.089 0.830 of K, Li* and HCO;~ (> 0.6).
Co, 20075 0.537 0.026 0.579 The relatively high loading of
F 0.495 -0.415 0362 0.541 1; d'(of‘}‘is)silég‘;f "}1;;;6 I\:V";S
% of variance 27.800 21.200 13.300 11.600 characterized by high positive
cumulative % of variance | 27.800 49.000 62.300 73.900 loadings of Ca2*, Sr2*, Mg2*
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and CO,, as well as a high negative loading of pH,
where the loading of HCO5~(0.473) should not be dis-
regarded. All this is also shown in Fig. 2, where the
factor loadings of all variables were plotted: the X
axes represents factor 1 (left) and factor 3 (right), the
Y axes represents factor 2 (left) and factor 4 (right).
The variables that dominate each factor are apparent
(marked by the ellipse).

The third and fourth factors accounted for the
smaller portion of the variance. This was attributed to
hydrogeochemical processes of a more local nature,
which take place only in a certain number of ground-
water occurrences (CLOUTIER ef al. 2008). The third
factor was characterized by high positive loadings of
temperature and SiO,. The fourth factor was dominat-
ed by SO,%-, but the factor loadings of CO, and F-
were also relatively high.
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a) Factor 1 (”natural mineralization”)

from the clays of marine origin (CLOUTIER et al. 2008;
REIMANN & BIRKE 2010). Another possible process is
cation exchange between Ca?* and MgZ" from the
water and Na* from the aquifer matrix. Namely, as car-
bonate minerals dissolve, the groundwater becomes
enriched with calcium, magnesium and hydrocarbon-
ates, followed by the previously mentioned cation
exchange, such that CaZ" and Mg2" concentrations in
groundwater decrease while the Na concentration
increases. This theory was supported by the negative
factor loadings of Ca2* and Mg2*, and the positive fac-
tor loadings of Nat and HCO;~ (Guo et al. 2007,
CLOUTIER et al. 2008, SALIFU et al. 2011). The positive
loadings for boron, potassium, lithium and fluorine of
the first factor should also be noted, and they were
attributed to paragenesis of these microelements and
their similar hydrogeochemical behavior.
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b) Factor 3 (”silicate factor”)

Fig. 2. Plot of factor loadings for the first and the second factors (a) and for the third and the fourth factors (b). The vari-

ables that dominate each factor are marked by the ellipse.

Discussion

If the extracted factors are viewed in a geological
(primarily lithological) context, it is possible to gain
insight into the main hydrogeochemical processes that
lead to the formation of the chemical composition of
the analyzed groundwater. In factor analysis, often all
or at least the main factors are assigned conditional
names, indicative of the variables that dominate the
given factor. The first factor was dominated by B, Na*,
Cl-, K+, Lit and HCOj;~, such that this factor could be
called “natural mineralization” because it contains
Na*, Cl-, Kt and HCOj;~ that represent the ions of the
basic chemical composition. Very high positive load-
ings of B, Na* and Cl- (> 0.85) in the first factor were
attributed to the groundwater mixing with seawater in
the geological past, but also to the solutes diffusion

The second factor featured elevated positive load-
ings of Ca2*, Sr2*, Mg2* and CO,, and an elevated ne-
gative loading of pH. Here too, HCO;~ needed to be
taken into consideration. This factor can be called the
“carbonate factor” because the dominant variables in-
dicate the processes of dissolution of carbonate min-
erals. The presence of carbon-dioxide tends to render
groundwater aggressive and enables the dissolution of
calcite, dolomite etc., whereby Ca2*, Mg2* and
HCO;~ ions are released into the groundwater. This is
consistent with the high positive loadings of Ca2*,
Mg?2*, CO, and HCO;~. The process takes place in an
acidic environment, where the concentration of CO,
and the pH level are inversely proportional, resulting
in a negative factor loading of pH. The high positive
factor loading of strontium was attributed to its para-
genesis with CaZ". These two elements are chemical-
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ly similar and Sr2* is therefore a frequent ingredient of
Ca2* minerals (HITCHON 1999).

The third factor highlighted the loadings of temper-
ature and SiO,, attributed to the fact that the solubili-
ty of silicate minerals increases with increasing tem-
perature (MATTHESS 1981), such that this factor could
be called the “silicate factor”. The fourth factor fea-
tured elevated loadings of SO,2-, CO, and F-. This
association is indicative of the volatiles from volcanic
activity in the geological past and the factor was given
the name “volcanic volatiles”.

Conclusions

Factor analysis is an efficient tool for assessing hy-
drogeochemical data because of the high data vari-
ance caused by a series of geological, hydrogeological
and other factors. It enables the identification of the
correlations between the analyzed chemical parame-
ters and also their grouping into factors based on sim-
ilarity, which facilitates subsequent interpretation. In
the present case study, factor analysis was applied to
extract four dominant factors that accounted for most
of the variance (73.9%) of the input dataset, which
consisted of 15 chemical parameters measured on 40
groundwater samples from Serbia. The interpretation
of obtained factors has indicated several hydrogeo-
chemical processes: the effects of a marine environ-
ment and volcanic volatiles in the geological past, the
solutes diffusion from the clays of marine origin, ca-
tion exchange, and the dissolution of carbonate and
silicate minerals. The results uphold the significance
of multivariate statistical analysis in the determination
of groundwater genesis, or of the factors and process-
es that govern the formation of the chemical composi-
tion of groundwater.
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Pe3ume

Ilpumena ¢akTopHe aHA/IU3E Y UBY
uaeHTH(UKanMje JOMUHAHTHUX
XHAPOTre0XeMHjCKHUX MPoLeca Yy HEKUM
a30THUM NoJA3eMHUM Boaama Cpouje

[Ipunukom cratucTudke oOpane XUAPOXEMH]jCKIX
ro/1aTaka 3Ha4ajHO MECTO 3ay3UMajy MYJITHBapHjaHT-
He cTatucTrike Merone. OHe oNakiiaBajy OpraHu30-
Balkbe W carlieflaBambe BEIUKOT Opoja aHaIUTHIKUX
rmojiaTaka, MPBEHCTBEHO (U3NIKO-XEMHjCKHX Kapa-
KTEepUCTHKA IMMOJI3eMHHUX BOJa, a oMoryhaBajy u Kia-
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cUpUKOBarke HCITUTHBAHUX y30paKa BOJa Ha OCHOBY
Beher Opoja omabpaHux mapamerapa. JegHa on Me-
TOJa KOje C€ YeCTO NPUMEBY]y Y XUIAPOXEMHUJU H
XHUIPOTEOJIOTHjH YOIIIITE jecTe (akTOpHA aHaIH3a.
Hbenom ynorpebom HaeHTHPHUKYjY C€ U HaINIalIaBajy
CTaTHCTUYKE penaryje n3mel)y aHaTu3npannx Xuapo-
XeMHjCKUX TapaMerapa, y3 HaKHaIHO TyMademe ycC-
[TOCTAaBJBEHUX peJlalrja ca acleKTa XUAPOTECOXEMH]-
CKHUX TIpoIleca y MOA3EMHIM BOJaMa.

Yrorpeba GakTopHE aHATN3E Y OBOM Pagy OMOTY-
huna je Tpymmcame XHUIPOXEMHjCKHX IapamMerapa
KOju cy Mel)ycoOHO KOopenncaHu W KOju Ce MOTY JI0-
BECTH Y Be3y ca oapeheHnM ¢akTopuma u mporiecuma
(dhopmMupama XeMHjCKOT cacTaBa TOJ3€MHHUX BOJa.
[IpuMeHoM OBe CTaTUCTHYKE METO/Ie Ha MaTPHILy ca-
YHBEeHy 0f] 15 mapameTapa XeMHjCKOT cacTaBa, Ofipe-
huBarnx Ha 40 y30paka MOJ3EMHHX BOJa Ca TEpH-
topuje CpOuje, n3aBojeHa cy deTupH (akropa, KOju
3ajeqHo objammanajy 73,9 % ykymHe BapujaHce IO-
JaTaka, O] 4era cy mpBa ABa (akTopa OATOBOpHA 3a
ckopo 50 % ykynHe BapujaHce. [IpBu dakTop kapa-
krepuiie gomuHanuja B, Na, CL, K, Li u HCO;, na je
YCIIOBHO Ha3BaH ,,IPUPOJIHA MUHEpaim3anmja’, J0K
Kox npyror ¢akropa nomunupajy Ca, Sr, Mg u CO,,

ra My je IoJieJbeH Ha3uB ,,kapOoHaTHH (akrop®. Tpe-
hu n yeTBpTH PpaKTOp O0jalImHaBajy MamkH €0 YKYITHE
BapHjaHce, IMa Ce HBUMa MPHUITHACY]Y XUAPOTEOXEMH]-
CKH TIPOIIECH JIOKAHOT KapakTepa, KOju ce jaBihajy
camo kojn onpeheHor Opoja HWCIUTHBAaHWX II0jaBa
moazeMHuX Boma. Tpehm Qakrop kapakrepumry
temneparypa u SiO, (,,cuauKaTHu (QaxkTop), AOK Ccy
Kox yeTBpror ¢axropa nzpaxkenu SO4, CO, u F (,,uc-
napema ByJIKaHa').

CarnrenaBameM U3MIBOjeHUX (akTopa y Teolo-
IIKOM, MTPBEHCTBEHO JTUTOJIONIKOM KOHTEKCTY, CTHUE
ce yBUJ y TJIaBHE XHPOT€OXEMH]CKE MPOIIeCe KOJH CY
3Ha4YajHH 32 (HOpMUpPaHE XEMH]jCKOT cacTaBa HCITUTH-
BaHUX TOJ3eMHUX Boja. Tako cy m3nBojeHU cienehn
MPOIIECH: YTHIAj MOPCKE CPEMHE W BYJIKAHCKHX HC-
naperma y Te0JIONIKO] MPOILIOCTH, HCTUCKUBAKE Be-
3aHe BOJIC M3 TIMHA MAPHHCKOT MOPEKJa, KaTjoHCKa
WU3MEHa W pacTBapame KapOOHATHHX M CHIIMKATHHX
MuHepana. JloOujeHn pasyntaTé ykasyjy Ha 3HaAYaj
ynorpebe ¢akTopHe aHaNM3e, Ka0 U MyJITHBAPHjaHT-
HE CTATUCTHYKE aHAJIN3E YOIIITE, MTPHIUKOM YTBphH-
Bamba reHe3e MoJI3eMHUX BOJIA, TO jeCT MPUIIHKOM Jie-
(uHUCama TEOXEMHUjCKAX U XHPOTEONIOMIKIX YCIOBa
dhopMupama THX BOJA.





