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ABSTRACT

The aim of this study was to analyze changes imdex of mineral oil in the waters of Narew andgBRivers.
Water analyses were carried out in two monitoriagworks (1 for each River) based on 5 control goifib determine the
index of mineral oil in water samples, the methddgas chromatography coupled with mass detectios used.
Samples for organic compounds analysis were prdpard determined in accordance to the Polish Stdrfid-EN ISO
9377-2. The resulting index of mineral oil valuesmanging from 0.02 to 0.55 mg-dmin addition, nonparametric

Spearman correlation coefficients between test cmapts and the average daily, was calculated.
KEYWORDS: Index of Mineral Qil, Mineral Index, River, Surfabéater
INTRODUCTION

Crude oil and its derivatives are commonly usemt, anly in every field of industry, but also in eyday life
[Gierak 1995, Ankowski, Nowak 2010]. Such a bropgl&ation of this material may lead not only toedit migration of
petroleum products to surface watercourses asu#t ddailure of the storage facilities and prosieg of oil, but also as a
result of accidents that involve motor vehicles d&8lui in., 1996]. It is worth mentioning that withtmospheric
precipitation, surface waters are receiving a $icgmt amount of impurities, including suspensiohsavy metals and
petroleum hydrocarbons [Gmitrzuk 2011, Bergier, tiyka- Bergier 2009]. According to Rakowska (2018} &teliga
(2003), crude oil and its derivatives is are thémsmurces of River pollution in Poland. This stiaa is caused by the
continuous development of industry and economycivhises fossil fuels as almost unique and irreplaleesource of
energy. It should be noted that the petroleum ptsjare not only difficult for removing from continated waters, but
also pose a considerable threat to the health ié@dfl organisms inhabiting degraded land [Izdebdkaucha 2005,
Guzik i in. 2010]. In addition, it is worth mentimg at this point that petroleum substances onatater surface form a
thin layer so-called "film", which prevents the gegn migration deep in the watercourse or watemrvese which limits

its ability to self-cleaning [Kaleta, Papciak, 2011

The aim of this study was to analyze changes imdex of mineral oil in the waters of Narew andgBRrivers.

Water analyses were carried out in two monitoriatyworks (1 for each River) based on 5 control goint
RESEARCH METHODS

For the study purpose, five control points weresem on each River. The study included section avigmgth of
about 45 km for the Narew River and 40 km for theyBRiver. Control points were designated to deteenthe possibility
of oil derivatives discharge from linear sourcegoflution. The analysis of mineral oil index chasgwas based on the

results of two series of studies carried out siRebruary to May 2013. Water samples were colleaiedl established
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points for each River; samples were collected irkiyeintervals. Control points were located in aedt vicinity of the

routes or bridges with varying traffic.

The first site of environmental sampling on theéva River was Niwkowo village located in the mupality of
Wizna. Control point was located in the center afvRdwa, near the road leading to the Bronowo vilaghe second
control point was in Krzewo, located in the munéity of Piatnica. The third and fourth control pts were located
before and behind the city of Lomza in the vicirafybridges, which are important international spart routes. The fifth
control point was located outside the town of Nowealyin the vicinity of the bridge. Municipality oowogrod,

in accordance with the classification of Polishddor agro-climatic districts, is located in thestdict of Podlasie.

The first environmental sampling point of monitayinetwork established for Bug River was locatedr ritbe
village of Nur. Nur Municipality is located in ttdistrict of Ostrow. The second control point wasdted near the village
of Gasiorowo, which is situated in the municipality oér8ck. The municipality belongs to the Pas Wielkigblin, in
which the weather is characterized by high varigbilThe third control point was located near tlilage of Gorna
Malkinia in the municipality of Gorna Malkinia. THeurth control point was located directly in fravitthe village Brok,

while the fifth environmental sampling point wasabed behind the city in the vicinity of the bridge the road No 694.

The water samples were tested for concentratiggetvbleum hydrocarbons, expressed as an indexrafrat oil,
chemical oxygen demand by dichromate (GEQfive-day biochemical oxygen demand (B§)and total organic carbon
(TOC). These components were studied in accordaitbethe following standards and procedures: COPEN-EN 1SO
8467, BOD5 - PN-EN1899-1, TOC - PN-C/04633-3, indéxmineral oil - PN-EN ISO 9377-2. In each samplealysis
for petroleum hydrocarbons was performed by usesyahromatography coupled with mass spectrometd& XN 4000.
The analyte separation was carried out on a 302X ®m x 0.2 m VF-5MS column. Stationary phasehefdolumn was
polydimethylsiloxane with 5% of phenyl groups. Visla of 500 ml of test water was used to determireirldex of

mineral oil in collected samples.

For the isolation of the compounds forming panmifieral oil, the extraction in the liquid-liquigstem was used.
Separation process was carried out at room temperatquilibrated to £ 20 °C, on a magnetic stietea rotational speed
of about 800 RPM, using 50 ml of hexane. The ektvaas then separated from the sample water andeotnated to a
volume of 1.5 ml. The concentrated extract was estibfl to separation and detection on the GC/MS fuilbowing
operating parameters: dispensed sample volume % splittless mode, injector temperature of 250 &@rrier gas
flow - 1ml-min’, the initial oven temperature 40°C — isothermve fiminutes, the final temperature 300°C oven - 20
minutes isotherm, temperature buildup 10°C - ‘nithe temperature of the transfer line - 230 °Q tbn source

temperature of 180 °C - mass scan range - 40-4@0.Helium of a purity grade 6.0 was used as a qagas.

Study of the compounds in water was carried ottiénDepartment of Technology and Environmentatdtamn

Engineering, Technical University of Bialystok.

Based on the results of measurements, statistidy/sis was carried out, including the arithmet&an, median,
standard deviations, minimums, maximums, the fasd third quartile and nonparametric Spearman lxdiva
coefficients. Significant correlations were cons&tkewith a modulus equal or greater than 0.70.ishitzl calculations

were performed using STATISTICA 10 software.
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RESULTS AND DISCUSSIONS

The average daily road traffic Table 1 near thiedhcontrol points on Narew River ranged from 48513996
vehicles per day, in the other two ones, the traffas small and GDDKIA did not conduct any resedorhthese routes.
In the case of Bug River, control points were ledahear roads, where traffic was ranging from @88273 vehicles per
day.

Table 1: Average Daily Road Traffic at Various Poirts [GDDKIA 2010]

Control Point Narew Bug

1 - 5 - 2333
o o

2 2 - 2554
598 [ 5651 687

3 [SIC o]

4 ES 13996 | 2566

5 > 4867 | 6273

Index of mineral oil Figure 1 in Narew River didtrsignificantly change during the study periodbbth series,
similar concentrations of petroleum hydrocarbonqressed as an index of mineral oil, were obtaihexv values of
index of mineral oil were observed at points wheafic was the lowest — points No 1, 2, 3 and &jlevthe highest index
was observed in point No 4, which was 0.0616 pg* @inthe first series of tests and 0.0642 pg?dmthe second. At 4th
point, the amount of vehicles per day was alsdatgest and amounted to 13996.

For Bug River Figure 2, there was a significarffedeénce in index of mineral oil values betweereagsh series.
In the first series of test, results are similarvadues obtained in Narew River, while in the setseries, they are
significantly higher. In the second series, a gehdicrease in index of mineral oil was observelde Towest index was
obtained at the point No 4 - 0.0170 mg-tamd the highest in point No 5 - 0.5548 mg-dm second series, the sampling
at 2 3% and %" points was each time made while raining for a diays.

It is also noted that the mineral index increaaksg with increased run-off of pollutants from taelter.
Meltwater, that flows from the road surface aftenter, is significantly polluted. Significant amduaf pollutants is
accumulated in snow and ice, including large am®woifitsuspensions, lead, zinc [Gierak 1995], oifg] ather petroleum
substances. Hydrocarbons are not subject to decsitiggo processes in winter conditions as intengivees in warm
periods. The highest runoff of pollutants from miter occurs in the spring and decreases everytmartil complete

melting of ice and snow [Liszkowska E., Ka4gka E. 2004].

0,070
0,060 /@\
0,050

0,040
/ A
0,030

[pg:dm-3]

0,020 — g

—
0,010
0,000 1 2 3 4 5
=t Narew- Serics 0,021 0,021 0,020 0,062 0,020
Narew- Series I 0.021 0,021 0,020 0,064 0,019

Figure 1: Changes in Concentrations of Petroleum Hyrocarbons - Narew River
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Figure 2: Changes in Concentrations of Petroleum Hyrocarbons - Bug River

Nonparametric correlation analysis table 2 condirtine relationship between index of mineral oiluesl, and
average daily traffic intensity. The resulting \alaf the correlation coefficient (0.71) between tagiables for Narew
River shows a strong correlation between the aedlyariables. This relationship was not observethnBug River.
The correlation coefficient for a pair of variableas -0.02, indicating a negligible impact of motehicle traffic on the
index of mineral oil in studied points. The corti&la coefficient obtained for Narew River at an i@age daily traffic for
tested River section was equal to 8,171 vehicldslewn Bug River- 2,883 vehicles. Based on this;an be concluded
that a strong correlation between the index of maiheil and the number of motor vehicles occurs rfwre than 8000

vehicles per day.

Table 2: Spearman Nonparametric Correlation Coeffigents

The correlation Coefficients in Narew
COD¢, | BODs | TOC | IOM | ADRT
CODg| 1,00 | 0,32] -0,05-0,20| -0,84
BODs | 0,32 | 1,00/ 0,25 -0,59-0,91
TOC -0,05| 0,25 1,00 -0,18-0,23
IOM -0,20 | -0,59| -0,171,00| 0,71
ADRT | -0,84 | -0,91| -0,230,71| 1,00
The correlation Coefficients in Bug
COD¢, | BODs | TOC | IOM | ADRT
CODg| 1,00 | 0,88] 0,72 -0,51-0,34
BODs | 0,88 | 1,00] 0,73 -0,50-0,35
TOC 0,72 | 0,73] 1,00 -0,48-0,05
IOM -0,51 | -0,50| -0,48 1,00| -0,02
ADRT | -0,34 | -0,34] -0,0%-0,02] 1,00

where: ADRT - average daily road traffic, IOM dix of mineral oil

Based on statistical analysis, it was found thHwre is a correlation between other studied paenmmet
Strong correlations between road traffic were atetdicompared to the CQ(-0.84) and BOPR (-0.91) in Narew River.
However, in Bug River, like for mineral oil indekjndings for COR, and BOLR are significantly lower. The resulting
correlation coefficients were equal to 0.34, wistlggests a weak relationship between variablesrfsgned relationship
was found by Piekutin in Suprasl River [Piekutin0QD Therefore, it must be assumed that their numbkk increase

along with road traffic, even despite many renaradiand construction of new roads at present time.
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Zanardi et al. [1999] also achieved similar mih@ihindex values. The concentrations obtainedth®y authors
ranged from 0.35 to 2.50 pg-dmzanardi also emphasizes that water samples waltected from an area slightly
exposed to the pollution of petroleum products.

Higher mineral oil index values were obtained a#g et al. in their studies [Zhang J. et al., 20THe average
index of mineral oil in surface water samples stddby the authors was 59.05 ug-Hrfthe authors point out that the
samples were collected from the arable land aregtdd in monsoon climate with an average annuaigitation ranging
from 595.9 to 732.9 mm.

COD, Figure 3 was characterized by a downward changes tbccurring between research series. This fiend
clearly visible in Bug River, where the value of BCr in second series was lower or equal to the eatnation obtained
in the first one. However, in the case of NareweRikFigure 3, this relationship was disrupted ahfgo? and 3 probably
due to uncontrolled discharge the pollutants ofiagogenic origin into the River above the firshtol point. The lowest
concentration of COR was observed in Bug River in point 5, in seconieseand was equal to 2.00 mg-@mi°, and the
largest concentration of CQpwas observed in Narew River ifi*Zontrol point, in the second series, which wasaét
24.00 mgQ-dm?®. Similar results were obtained by tobos-Moysa [asthMoysa 2013] in studies on selected watercourses
that form tributary to the Gliwice channel. Simileorrelation results were obtained by Cigsta et al. in their work
[Cieszyaska et al., 2009]. The correlation coefficient deti@ed by the authors ranged from 0.51 to 0.77.
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Figure 3: The Concentration of COLy,, in Analyzed Samples

Obtained BOD values Figure 4 were subject to analogical to COBénhd of changes during the period of the
research. In the second series, B@As lower or equal to the concentrations obtaingtie first series of research. As in
the case of COR, this relation is more visible in Bug River. Irsacond series at th& Boint, BOD; values were below
the measuring range of devices used for analysésgfore, to facilitate further statistical caldidas, the value at this
point was taken as equal to 0.00. Krzeska and Andrykiewicz-Piragas [Krzeiska, Andrykiewicz-Piragas 2006]
achieved similar BOPB results. Similar to the achieved B@Dresults were obtained by Krzeteka and
Andrykiewicz-Piragas [Krzemiska, Andrykiewicz-Piragas 2006]. In studies carmed on water samples taken from the

lower section of Smortawa, authors obtained B@®naining at the level from 1.50 to 8.10 mgdn°.

The concentration of TOC Figure 5 was not chargjgdificantly between the different points in sedliRivers.
However, a significant decrease in the concentmatib this component was observed between contnidssén each
control point. The highest concentration of TOC whserved in Bug River in the first control serigeg ' control point,

which was 103.97 mgC-din In contrast, the smallest concentration of TOG whaserved in Narew River in thé' 3

www.iaset.us editor@iaset.us



30 Janina Piekutin, Iwona Skoczko & Piotr Ofman

control point, in second series, the value of whigs equal to 16.31 mgC-dmSimilar concentrations of TOC were
obtained by Kiryluk in his studies [Kiryluk, 2006].

Correlation analysis Table 2 showed statisticalbynificant relationship between TOC and B9{0.73) and
CODc, (-0.72) only for the Bug River. In contrast, infde River, TOC concentration was not related to eithe tested

water components.
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Figure 4: BODsConcentration in Analyzed Samples

Standard deviations in the Narew River Table & tdde highest values for the concentration of T@Q iadex
mineral oil. These components were characterizethbygreatest degree of change during the studpderor other

ingredients, standard deviations are not significamich suggests that changes in the concentsatiwa the result of

natural processes occurring in surface water dugimayv layer melt period.

Similar relationships were noted in Bug River Tealdl. The standard deviations with the highest walere

observed for the same analyzed components.
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Figure 5: The Concentration of TOC in Analyzed Samfes

Table 3: Basic Statistics for the Results from Nang River

COD¢, | BODs | TOC |IOM | ADRT
Arithmetic mean 16,00 9,70 51,89,03| 8171
Median 16,00| 10,0054,46| 0,02 | 5651
Standard deviation 4,08 2,76 30j20,02| 4525
Minimum 10,00| 5,00/ 16,310,02| 4867
Maximum 24,00| 15,0085,22| 0,06 | 13996
<25% 13,00/ 8,00 18,890,02| 4867
>75% 18,00 11,0080,46| 0,02 | 13996

Impact Factor (JCC): 2.6676 Index Copernicus Value (ICV): 3.0
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where: ADRT - average daily road traffic, IOM di&x of mineral oil

Table 4: Basic Statistics for the Results from Buiver
COD¢, |BODs| TOC |IOM | ADRT

Arithmetic

7,50 | 3,00 62,13 0,12 2888
mean
Median 8,00 | 3,000 5502 0,04 2544
Standard |, o) | 5 35| 3127 017 1934
deviation
D

Minimum | 2,00 | 0,00 31,79 0,0 6871
Maximum | 12,00 | 9,00| 103,9F0,55| 6273
<25% 7,00 | 2,00 33,22 0,02 2333
>75% 9,00 | 3,000 92,90 0,22 2566

where: ADRT - average daily road traffic, IOM dix of mineral oil
CONCLUSIONS
Based on the research carried out in Narew andRBueys, the following conclusions were drawn:

* The largest non-parametric correlation coefficiemese obtained between the index of mineral oil andrage
daily traffic in the Narew River; this regularityad not been noted in Bug River. It is believed thatlearer

relationship can only occur at a relatively hicgffic.

e The correlation coefficients suggesting a strorgti@n between variable pair: index of mineral aild average

daily road traffic, are possible to observe atydailerage amount of vehicles greater than 8000.
» Index of mineral oil in Narew River was similaréach control series in each of the control points.
This project was funded from: S/
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