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STATISTICAL ANALYSIS OF NITRATE CONCENTRATIONS
IN PRECIPITATION AND KARST SPRING PETNICA
(VALJEVO, WESTERN SERBIA)
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Prohaska Stevan* and Radisav Golubovic**

The rapid increase of population and industrialization have resulted in the growing pollution of atmos-
phere and of surface and ground waters. A quantitative and qualitative study of precipitations and ground
water in the Petnica karst spring area, western Serbia, is presented in this paper.

Excessive concentrations of nitrate ions in karst ground water was the reason for starting daily meas-
urements in 1991.

More than 2500 samples of precipitation and ground water indicated a positive trend in the nitrate level.
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Ep3 pacr noriy.'iauHje h nn/iycxpnja;iH3annje je pe3yjmipao nopacr 3aral)eH>a axiuoccjjepc Kao h noBp-
ilihhckhx h no;(3AVHHX BOfla. Y obom paay cy npe3eHTOBaHa KBajiHiaxHBHa h KBaHi’HxarHBHa npoy'iaBaH>a na-
«@BHHa h no/(3CvHHx BO/(ay o6jiacxn KapcTHor Bpejia OexHHua, 3ana/(Ha Cpfmja.

rionchan.c KOHiicH ipanHjc HHTparaHX joHa y KapcxHHM noj(3CMHHM Bo/taMa 6hjic cy pa3/ior 3a nogcxakK

CBaKO«HeBHHX Mcpcen,a ofl 1991. ronHHe.
Hhiiic om 2500 ysopaxa najiaBHiia h rio/pcMHHX BO«a noKas3ajio je nopacr HHBoa HHrpaxa.

K.hvine pcm: XH/ipcuioi Hja, XH/jporeojiorHja, Kapcx, 3aral)CK.e, HHxpaxH, exaxHexHHKa aHaliH3a, flcxHHua, Ba-
jbeBO, janajiHa CpSnja.

INTRODUCTION

Hydrogeological and meteorological observations and detailed chemical analyses of
precipitation and ground water were carried out at Petnica where a research station is located.
Petnica is located 7 km from Valjevo, a large industrial and agricultural centre of Western
Serbia. The Petnica spring, near the research station, drains a karst area of 19.2 km2 Massive
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Triassic limestones are partly overlain by Miocene and Pliocene rocks (Papic & Golu-
bovic, 1992).

Middle Triassic (Ladinian) rocks are most widespread on the surface. Limestones are
dominantly micritic, with more than 90% of calcium carbonate, heavily karstified and
forming a numerosity of sinkholes and ponors at the surface and many deep fractures
and caverns. Locally and at high altitudes, fractures and caverns are filled with clay ma-
terial - terra rossa, overlain by Neogene deposits.

Neogene sedimentary rocks build up the so-called Valjevo-Mionica basin formed of
Middle and Upper Miocene freshwater and brackish deposits. Lithologically, Neogene de-
posits of Petnica area are dominantly clays and marls and less abundant sands and grav-
els. Their thickness at Petnica is about 230 metres.

The topography of Petnica spring drainage area includes two ponors - Pecurine and
the central sinkhole zone. Communication between the two ponors and the spring has
been established and repeatedly confirmed.

Fig. 1. Petnica spring drainage area on the hydrogeologic map.
Gri. 1. XHflporeojiouiKa Kapxa FtcTHH'iKor Bpcjia ca cjihbhom noBpmHHOM.

OBSERVATIONS AND STUDY

The observation and study of hydrometeorological factors began in 1976, but were
discontinuous, with frequent and long breaks, until 1990. From 1991 on, the observations
of precipitation and ground water chemistry have been continuous. The parameters con-
sidered in this paper are daily amounts of precipitations, discharges at Petnica spring, and



nitrate ion concentrations in Petnica spring and precipitations. The analysis of nitrates for
Petnica karst spring used only the continuous records from 1991 to 1995.

The data basis for the analysis consists of 600 precipitation records and 2000 karst
ground water analyses.

NITRATE LEVEL CORRELATION ANALYSIS FOR PETNICA SPRING

Nitrate concentration in Petnica spring was measured intermittently from 1976 to
1990 and daily from 1991. The highest measured nitrate concentrations in 1976 and 1988
were 6 mg/dm3 and 27 mg/dm3, respectively (Kresic et al.,, 1989; Papic et al.,, 1991).
From 1991 to 1995, the highest nitrate concentrations in Petnica spring are given in Ta-
ble 1 (Papic et al., 1998a). '

Table 1. Nitrate concentration in Petnica karst spring.
TaCejia 1. KoHueHTpaunjc HHTpara y KapcTHOM upcuy flcTHHua.

1991 1992 1993 1994 1995

NO," average (cpeflaa) 22.89 17.29 16.0 15.11 17.7
max 354 38.6 25.4 24.8 394

mg/dm3 min 12.3 3.9 6.4 34 4.6

Figure 2 shows the registered daily concentrations of nitrate ions in spring from
1991 to 1995. An abrupt fall in nitrate concentration, registered in middle of 1992, is
definitely a consequence of dwindled industrial activity following the international eco-
nomic sanctions of 1992. The trend of nitrate ion concentration in the spring also indi-
cates progressive lowering from 1991 to 1995 (Papic et al., 1998b).

days (from 1991 to 1995 year)
aatiH (on 1991. ao 1995. roflnne)

Fig. 2. Trend of nitrate ions in Petnica karst spring.
Cji. 2. TpeHji HHTpaTHHXjona y KapcrnoM Bpejiy lleTHHua.



NITRATE LEVEL CORRELATION ANALYSIS FOR PRECIPITATIONS

Precipitations are analysed, because they are the source of surface and ground water
chemistry. Table 2 gives nitrate ion concentrations (average and highest), and total
amounts of precipitations, and number of rainy days in each year. The average and high-
est nitrate concentrations in precipitations indicate the same - that nitrate ions abruptly
decreased in precipitations in 1992 and 1993.

Table 2. Nitrate concentration in precipitation.
TaScjia 2. KoHneirrpanHjc HHTpaTa y na/iaBHHaMa.
year (ro<HHa) 1991 1992 1993 1994 1995

X P (amount of precipitation
- KOjiHHHHa naj(aBHHa)

number of rainy days

810.0 736.7 675.8 734.1 1025.1

(6poj khihhhx /taHa) 114 107 102 110 144
nitrate concentration average
. . . 5.45 6.60
(KOHitCHTpanHja HHTpaTa), NO. (cpe«H,a) 2.7 7.09 5.01
(mg/dm") max 58.3 55.45 40.8 27.0 46.2

The span of time from 1991 to 1995 is divided into two periods:
- period 1 from 1 January 1991 to 7 August 1992
- period 2 from 8 August 1992 to 31 December 1993
before and after 8 August 1992, when the nitrate ion concentration in Petnica spring
abruptly decreased.

HOMOGENEITY AND UNIFORMITY OF SERIES

For the analysis of homogeneity of a series of nitrate ion concentrations in Petnica
spring and precipitations, the spring discharge and rainfall intensity, the normalized
Z-test was used (Davis, 1986; Prohaska & Ristic, 1995). The criterion of Z-test is:

X. —X,
Z= — e 2. (1)
<*X,-X2
where,
|r(§2 <—57.2
(2)
The variable Z distribution is N(O.l), and the zero hypothesis
Mxl = M-x2 ™)
is accepted if
Zan < 2 <1, _aa (4)

for @ = 5%, the zero hypothesis (HO) is accepted if
-1.96 <z< 1.96 (5)



Homogeneity of the mentioned series is analysed using Fischer (F) test. The condi-
tion for use of the test is that two samples should be normally distributed and that
population parameters are not known.

The zero hypothesis is:

H(l: <5\ = (6)
where as the criterion for statistics dispersion uniformity is:
2
F=-y (0!>a2) @
°2

and that it has Fischer's distribution with the degrees of freedom V, = n-1 and v2= n2l.
The hypothesis will be accepted if:

F<F_a(V,;V) (8)

In the case example of Petnica karst spring, the homogeneity of series is analysed
for the springflow and the nitrate ion concentration in ground water. Statistical parame-
ters of the two series, necessary for the use of normalized Z-test and Fischer F-test, are
given in Tables 3 and 4.

Table 3. Statistical parameters of Petnica karst springflow.
TaSejia 3. OraTHCTHMKH napa\icTpn H3"auiHocTH Kapcraor Bpejia flcTmina.

first period (npirn ricpno/0 second period (Mpyrtt nepno/()
Q,, = 160.40 155 Qav= 161.32 1/s
0 =94.85 1s O =9373 15
Cv=10.59 Cv=0.58
n =571 n =511
ax,-> - 5.74

-1.96 <z =-0.16 < 1.96 (acceptable - npHXBamHBo0)
F = 1024 < F,.a=1.1 (acceptable - npnxBaTJi>nno)

Table 4. Statistical parameters of nitrate ion concentration in Petnica karst spring.
TaGejia 4. OraTHCTHMKH napaMerpn HHTparanxjoHa KapcrHor upc.na fleTHHua.

first period (npBH nepnofl) second period (;tpyrn ncpnofl)
NO,, = 22.66 mg/dm3 NO3v = 14.23 mg/dm'-
O = 4.62 mg/dm3 C = 4.63 mg/dm’
Cv=0.20 Cv=0.33
n =571 n = 511

CTIX-X =0:281
—1.96 <z = 30 < 1.96 (not acceptable —HciipHxisaTJLHBo)
F = 1004 < F,_a = 11 (acceptable - npHXBaivtHBO)

On the basis of the relations (1), (2) and (4) for the analysis of mean values, and
relations (7) and (8) for the analysis of standard deviations, the acceptability results of
respective zero hypotheses are given below Tables 3 and 4.



As to the statistical analysis of springflow, the analysis of average discharge and of
standard deviation indicates the same population and the nonoccurrence of any change.
The analysis of nitrate ion concentration in karst spring indicates that the selected sam-
ples do not belong to the same population, or that certain change has occurred.

Precipitation is similarly analysed - mean precipitation and average nitrate concen-
trations in precipitation. Statistical parameters of the two series for both samples are
given in Tables 5 and 6 which also show the obtained statistics on the test acceptability.

Table 5. Statistical parameters of average precipitations.
TaOe.'ia 5. CraTHCTHgKH napaMCTpH cpefltbe bpc/(hoctm najtaBHHa.

hrst period (npnH ncpnofl) second period Otpyin iicpnojl)
P,.= 6.58 mm Plv=7.05 mm
0 = 7.51mm J =879 mm
Cv= 114 Cv= 125
n = 186 n = 143
XP = 1224.76 mm IP = 1008.85 mm

Ox_x =0.918

—1.96 < z = —0.51 < 1.96 (acceptable - npnxBaTJbHBO)
F = 137 < F, a=1.1 (not acceptable - ncnpHXBaiji.HBo)

Table 6. Statistical parameters of average nitrate ion concentrations in precipitations.
TaOclia 6. Cththcth'ikh napaMCTpH cpc;(H>e BpeflHOCTH HHTpaTHHXjona y iia/UjnmiaMd

first period (npBH ncpnoji) second period (npyra nepHOjt)
NO)jv = 11.67 mg/dm’ NO,V= 4.44 mg/dm3
0=11.52 mg/dm’ a = 5.08 mg/dm1l
Cv=10.99 Cv= 115
n = 186 n = 143

a x,-x2 =0945
—1.96 < z = 7.65 < 1.96 (not acceptable - HenpHXBaTJbHBOo)
F =514 < F, a= 11 (not acceptable - HenpHXBaTJi»HBo)

It follows from the above analyses that average values of precipitation samples indi-
cate that the samples belong to the same population, or that Fischer test is at the vari-
ance uniformity nonacceptance limit. The test of average nitrate ions in precipitation in-
dicates a great nonuniformity of variances.

CONCLUSION

Chemical composition of water begins to form in the atmosphere, and it is therefore
possible that ground water in karst areas gets contaminated by precipitations. This fre-
quently occurs near towns and large industrial centres, where manmade factors influence
the chemical composition of ground water. Statistical analyses have provided sufficient
proof of this influence. The homogeneity and uniformity analyses of karst springflow and
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PE3VME

CTATUCTUYKA AHAJTN3A KOHUEHTPALWIE HATPATA
NMAOABVHA N METHNYKOTI BPEJIA (BA/BEBO, 3ATTAAHA CPBNJA)

XWNAporeosioKo-MeTeOPO/IOLLKA OCMaTparba ca U3pafoM AeTa/bHUX XEMUjCKUX aHanu-
3a NafaBuHa v npoTuuaja BpieHa cy y MNeTHULM rae je noumpaHa VicTpaxmBayka cTaHuua.
MeTHUUA ce Hanasu y 3anagHoj Cpbuju 1 7 KW je yaarbeHa of, BarbeBa, Beher nHaycTpujckor
W no/bonpuBpefHor ueHTpa. Hepaneko of WcTpaxwuBauke cTaHMUE Hanasu ce BpPeno
MeTHULA Koje ApeHUpa KapCTHO CMMBHO NoApyyje YKynHe nospinHe of 19,2 K T2 MacusHu
Kpeuwalu Tpujacke CTapocru y jefHOM [efly CY MOKPWUBEHW MUOLLEHCKO-M/TMOLEHCKUM
cepguMeHTUMa (cn. 1). IHTEH3UBHO Cy KapCcTU(UKoBaHu ca 6pojHMM BpTayama v noHopumMa
Ha MOBPLUMHU TepeHa U ca 6pOojHMM MyKOTMHAMa W KaBepHama no Ay6uHW. MyKoTuHe u
KaBepHe MeCr¥MWYHO Y YTrNaBHOM Yy HajBULIMM [ef0BUMMa CYy UCMYHeHe FMNHOBUTUM MaTe-
pujanomM-upseHnLOM. OHM YMKC NOAJIOTY Hacnarama HeoreHe CTapoCTW. Y JIMTONOLIKOM
nornefy HeoreHn CefUMEHTU LUMPE OKONIMHe MeTHULEe YMHe MPETEeXHO rMHOBUTO-Nano-
POBUTK CEANMEHTU a NoApefeHOo Cce jaB/bajy U MeCKOBUTO-LU/bYHKOBUTU ceaumeHrn. Jebmu-
Ha OBMX cefjMMeHaTa u3Hocu oko 230 T.

Ha cnveHOM nogpydjy MeTHMYKOT Bpena Hanase ce ABa NnoHopa - noHop MNehypuHe
M MOHOPCKa 30Ha Y LleHTPasHOM feny C/MBHe nosplinHe. Be3a n3mehy oBuMx noHopa u
Bpefia je KOHCTaToBaHa v noTepheHa y Buwe HaBpaTa (cn. 1).

Ca ocmaTtpamwbuma 1 ucTpaxuearrma oTnoyeno ce jow 1976. roguHe, ¢ TUM Ja cy of
1976-1990. roanHe BpLUeHa NoBpeMeHa ocMaTpara ca YeCTUM K AyXuM npeknguma. Of
1991. roguHe OoTMOYMKY CBaKOLHEBHA OCMaTparwa XeMu3Ma nafasuHa U NoL3eMHUX BOAA



n Tpajy 6e3 TTpeknga 4o faHac. Y 0BOM pagy cy kopuwheHun cnegehn napameTpu: LHEBHe
CyMe nafiaBuHa, KonnM4mnHa UcTekse Boge Ha MeTHUYKOM BPefly U KOHLEeHTpaLumje HUTpar-
HMX joHa y MeTHMYKOM Bpeny W nagaBuHama. 3a notpebe aHanMse HUTpaTa KapcTHOr
Bpena MeTHuua KopuwheHu cy nogauu og 1991. rogmHe 360r Tora WTO Cy Y NPETXOAHOM
nepuvosy perucTpoBaHW WCYBULLE YECTU U AYXKU NPeKNAnN y ocMaTpamrma.

OcHoBHa 6a3a nofaraka 3a carfefjaBarwe 1 aHannm3y HUTPaATHUX jOHa CafpXU NMPeKo

- 600 ocmaTpara aTMOC(EPCKUX MajaBuHa U
- 2000 aHanm3a KapCTHUX NOA3eMHUX BOAA.

Y nepuogy of 1976. fo faHalHer AaHa BpLUeHa Cy ocMaTtpamwa Hutparta y [NeTHuy-
KOM Bpeny n 10 fo 1990. roguHe nospemeHo, a of 1991. roguHe cBakogHeBHOo. Op 1991
[0 1995. roguHe makcuManHe KoHUeHTpaumje NOMy KapcTHOM Bpeny leTHuUua cy npu-
KasaHe y Tabenu 1

Ha cnvum 2 cy npukasaHe peructpoBaHe AHEBHE KOHLEHTpaLuje HUTPaTHUX joHa Y
Bpeny 3a nepuog og 1991. no 1995. roguHe. Moxe ce 3anasutu ga cpeguHom 1992. roguHe
[0Nnasn [o Harfnor nafa KoHueHTpauuje HUTpaTa y Bpeny LUTO je nocnefuua pepykuuje
pafa MHOrMX WHAYCTpWja, Na Yak U KBUXOB MOTMYHW MpecTaHak ca pajom (CnpoBefeHe
HenpasejHe MehyHapogHe caHKuumje of 1992. roguHe). TpeHp KoHUeHTpauumje NOMN joHa y
Bpeny Takohe ykasyje Ha To ga of 1991. no 1995. roguHe fonasun [0 HUXOBOr NOCTEMNEHOr
onagama.

3 pasnora WTo NpBM KOpak npu hopmupary Xemmsma aTMOC(HepPCKnX, NoBPLLUH-
CKUX U NOA3eMHUX BOfa HacTaje y atMocgepu, Ha c/iMyaH HayuH je ypaheHa aHanusa
nafasnHa. Y Tabenu 2 cy fate BpeAHOCTW KOHLUeEHTpauuja HUTpaTHUX joHa (cpefra u
MakcuManHa) y najasvHamMa Mo rofuMHama, ca YKyrnHoMm roguliboM CyMOM nafjaBuHa u
6pojem faHa ca MafjaBMHaMa y TOKY CBake roguHe. Bpe4HOCTU CpeAmuX Y MaKCUMATHUX
KOHLeHTpauuja HUTpaTa y nafaBrHaMa HaM yKasyjy Ha UCTW 3aK/bydak, Tj. fa je TOKOM
1992. 1 1993. fowno fo Harnor cmakberwa NOMjoHa y najaBnHama.

M3 pasnora wrto ToKoM1992. rogvHe (npeuusHuje HakoH 8 aBrycra)gonasm  [o
BUA/BMBOT Naja Y KOHLUEHTpaLmjamMa HUTPaTHUX joHa Yy KapcTHOM BpenylleTHMUa 1 na-
JaBuHaMa u3fBojeHa Cy 4Ba BPEMeHCKa nepuoga npubavxHO UCTe SyXXUHE:

| nepvog 01. 01. 1991. - 07. 08. 1992. rogunHe 1
Il nepunog 08. 08. 1991. - 31. 12. 1993. roguHe.

3a aHanM3y XOMOreHOCTM cepuje KoHuUeHTpauuja V0 3~joHa y MeTHUUYKOM Bpeny y
nafasuHama, npotuuaja NMeTHWYKOr Bpena W nafjaBuMHa NPeKo Cpefre BPeAHOCTH, KO-
puwheH je HOpManu3oBaH 2-TecT 1 ®uwwepos P-TecT.

Y KOHKPeTHOM c/fiyyajy Be3aHO 3a UCTuLake M3 KapcTHOr Bpena leTHuua BpLUeHa
je aHanM3a XOMOreHOCTU Cepuje ucTmuamwa u KoHueHTpaumje No)3~joHa y KapCTHUM Moj-
3eMHMM BofiamMa. CTaTUCTUYKM MapamMeTpy OBe [Be CEepuje HEOMXOAHW 3a MPUMEHY HOp-
Manun3oBaHor 2-tecta n ®duweposor P-TecTa cy gatn y tabenama 3 n 4. Ha ocHoBy
jegHaumHa (1), (2) u (4) Be3aHO 3a aHanu3y cpeawuX BpesHocTn U jegHaunHa (7) un (8)
BE3aHO 3a aHanu3y CTaHfapfHuX Aesujauuja ucrof tabena 3 u 4 cy patu pesynratu o
NMPUXBAT/bUBOCTU 0froBapajyhnx HynTux xunoresa.

LLITo ce TMUYe CTATUCTUYKE aHaNN3e UCTUL kA MOXE Ce KOHCTaToBaTW Aa 1 aHanusa
cpefre BpeAHOCTU U CTaHAapAHe [eBujauunje ykasyjy Ha TO fa ce pagu O WUCTOj nonyna-
UMju 1 fa HWje AOLW0 [0 HUKAaKBMX NPOMeHa. AHann3a cpefbuX KOHLEHTpaunja HuTpar-
HMX jOHA Y KapCTHOM Bpefly yKasyje Aa W3[BOjeHV y3opuu He npunagajy UCToj nonyna-
LMjn, O4HOCHO Aa je foLwno Ao oaroeapajyhmux npomeHa.

AHanv3a nafjasvHa je U3BpLUEHA Ha CMYaH HauyMH Kao M Uctuuama, 04HOCHO TecTu-
paHe cy cpejre BpPefHOCTM NafaBuHa U Cpedre KOHLUeHTpauumje HMUTpata y najgasuHamMa.



CTatncTnykm napameTpu OBe ABe cepuje 3a 06a y3opka Cy fatm y tabenama 5 m 6, a
L06unjeHe cTaTMCTUKE O NPUXBaT/bUBOCTM JaTUX TeCTOBa ucnog tabena.

Ha ocHoBy aHanu3se ce Moxke pehu ga cpefte BpefHOCTU y30paKa nafaBuHa yKasyjy
Ha TO fa npunagajy UCcToj nonynauuju ogHOCHO ®PuULLEpPOB TECT je Ha rpaHuLM Hernpux-
BaT/bUBOCTW jeAHOPOAHOCTM BapujaHCU. TecT cpeawuX BPEAHOCTU HUTPATHUX jOHA Y
naZiaBMHama ykasyje Ha Be/IMKY HejeJHOPOLHOCT BapujaHCu.



