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Abstract: During December 2009, snow was collected at twenty two locations
across the urban area of Novi Sad, directly from roads and from traffic islands
near crossroads. The total metal concentration was determined for each of ten
metals (Al, Ca, Cu, Fe, K, Mn, Na, Ni, Pb and Zn) using the ICP-OES anal-
ytical technique. Ni was found to have the lowest concentration (0.0265 mg
dm3). Na was the metal with the highest concentration (10786 mg dm-3),
which was the consegquence of sodium chloride being used as a de-icing salt on
the roads. The metal with the second highest concentration at all locations was
Ca; this was most likely the result of soil dust. The Spearman rank correlation
coefficients between analyzed metals were calculated to determine how the
concentrations of the metals were related. Cluster analysis was performed on
the obtained data sets, using both the hierarchical and partitioning methods in
order to identify associations among metals and/or locations. It was shown that
traffic density was not the most important factor that caused the differences
between the concentrations of the metalsin the samples.
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INTRODUCTION

There has been an interest in investigating the chemistry of urban snow in
recent years.1=4 Road runoff after the melting of snow presents a significant
source of pollution in the environment. Snow melting usualy exerts an acute
impact on waters receiving road runoff. Snow on the road contains high con-
centrations of pollutants from both natural and anthropogenic sources including
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heavy metals.1>6 A part of this snow is ploughed to the roadside and therefore is
a contributing factor in the pollution of urban land in the vicinity of the roads,
especidly traffic islands.

The natural sources of road snow pollutants are materials from surrounding
soils (windblown soil dust), particles from atmospheric deposition and biological
materials from vegetation.”-8 Road-deposited particulate matter can be attributed
to anthropogenic sources, such as emissions from industrial plant processes,
vehicle exhaust emissions and wear of automobile parts.®-11 Traffic intensity is
one of the most important factors influencing pollution in road runoff.12.13

Significant differences in the levels of pollutants in urban snow have been
found in studies performed in different regions, thus indicating the need for local
data. This is caused by differences in climate, surrounding land-type and land-
-use, vehicular traffic density, neighbouring industrial plants, etc.14 Pollutant
load is very high during snow melting in regions where snow cover lasts several
months.6 In northern countries, various efforts have been made to address this
problem, but little is known about the pollution of urban snow in the Balkan
region. In regions where the snow cover does not remain for longer periods, the
environmental impact of snowmelt is not as acute but it should be investigated.
The present case study was performed in the city of Novi Sad (Serbia). In regions
such as Serbia, snow has a short lifespan and usually does not remain for longer
than ten days. The intention of the study was to determine whether there was any
significant pollution in urban road/roadside snow.

The melt water with al its pollutants is often directly discharged without
treatment into the receiving water. In all urban areas in the city of Novi Sad,
water that enters the sewage system discharges into the Danube River without
any chemical or mechanica treatment. During snowmelt, pollutants are usually
rapidly released from snow piles® and the pollutant load can rise suddenly thus
having a significant impact on the receiving watercourses.3 The toxicity of metal
pollutants in receiving waters is mostly connected to the dissolved fraction, but
knowledge about total metal concentration is also very important.15-17

In this study, two statistical techniques: descriptive statistics and multivariate
analysis of experimental data were employed. Correlation analysis is often per-
formed to estimate the extent of arelationship between any pair of variables, e.g.,
in a group of selected metals.1819 Cluster analysis, a multivariate statistical
technique, has been widely used to interpret complex data and to identify sources
of pollution.20.21

The objectives of the work presented in this paper were: to analyze the metal
concentration in snow collected: i) directly from the road near crossroads and ii)
from traffic islands in the urban area of Novi Sad and to identify pollution
sources using statistical analysis of the data.
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EXPERIMENTAL

Novi Sad isthe second largest city in Serbia, located on the Danube River in the southern
part of The Pannonian Plain. The urban area of the city is 129.7 km2. The population was
estimated to be 370,000 at the end of 2009. Novi Sad has a moderate continental climate, with
an average of 22 days of complete sub-zero temperatures. January is the coldest month, with
an average temperature of —1.9 °C.

From December 20 until December 22, 2009, snow was collected at twenty-two loca-
tions across Novi Sad. The snowfall started on December 15 and continued intermittently until
December 23. The snow cover persisted for ten days due to cold weather, with temperatures
constantly below 0 °C. The snow depth was in the range of 18-25 cm. Sampling locations are
shown on the map of Novi Sad presented in Fig. 1.
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Fig. 1. Sampling locations on the map of the city of Novi Sad.

Fourteen of the sampling points were situated directly on roads near crossroads and were
divided into two subgroups. For subgroup one, “high traffic”, the average traffic volume at the
crossroads was in the range of 400-800 vehicles per hour, while for the second, “low traffic”,
it was 30-150 vehicles per hour. Seven sampling points were located on traffic islands sepa-
rating lanes of opposing traffic. Sampling locations in the high traffic subgroup, low traffic
subgroup and traffic island subgroup are denoted by H1-H7, L8-L14 and TI1-TI7, respecti-
vely. The reference sampling point is R15.

Samples were collected using polyethylene (PE) bags, PE trowels and PE gloves. Prior to
sampling, the trowels were cleaned with nitric acid and rinsed with distilled water. One-two
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litres of snow were collected at each sampling site, except at the reference site where fifteen
litres of snow was collected.

Before analysis, samples were allowed to melt slowly. To avoid potential problems with
detection limits, only the reference sample was 50-fold pre-concentrated. Pre-concentration
was realized by non-boiling evaporation. The melted samples were acidified with nitric acid to
apH of lessthan 2. Sub-samples of 100 mL, taken from homogenized acidified samples, were
acid digested with nitric acid. Prior to analysis, the sub-samples were filtrated through a blue
ribbon filter (Whatman) with an average retention 2—4 pm. The filtrates were used for measu-
rements. The total concentration of metals was measured using ICP-OES (Vista-Pro, Axial;
Varian) in accordance with the US EPA method 200.7:2001. Quality assurance and quality
control (QA/QC) were conducted by performing laboratory blanks and NIST standard refe-
rence material 1643e (trace elements in water). Deviations from the obtained results were
within £10 % of the certified value. The limits of detection for the examined metals were: 15
(Al), 1 (Ca), 6 (Cu), 4 (Fe), 5 (K), 0.5 (Mn), 1.5 (Na), 3 (Ni), 15 (Pb) and 3 pug dm3 (Zn).

All statistical analyses were performed using the software package Statistica 10.22 Non-
-parametric correlation analysis was performed due to the non-normal distribution of some
parameters and because non-parametric correlation analysis is less sensitive to outliers. The
Spearman rank correlation coefficients between the analyzed variables were calculated. Only
correlation coefficients significant at the 0.05 level are discussed within this paper. A cluster
analysis was aso performed on the obtained data sets, using both hierarchical and partitioning
methods by minimizing the squared Euclidean distances.

RESULTS AND DISCUSSION

Basic statistical parameters of the data are given in Table I. Concentrations
of metals at reference site were: 2.6 (Al), 545 (Ca), 1.5 (Cu), 11 (Fe), 129 (K),
1.6 (Mn), 603 (Na), 0.7 (Ni), 1.3 (Pb) and 14 pug dm3 (Zn). Concentrations of all
metals investigated from locations H1-H7, L8-L14 and TI1-TI7 were severa

TABLE |. Results of multi-element analysis

Parameter Element
Al Ca Cu Fe K Mn Na Ni Pb Zn
Low traffic

Cmin/ Mgdm=3 0.61 10270 0.10 4.68 323 027 23380 0.030 006 0.34
Crmax /Mgdm3 296 58650 0.26 29.39 1924 201 510450 0.058 0.49 1.39
Cmean/ Mg dm3 1.86 347.43 0.18 17.09 1066 1.10 1924.30 0.042 0.27 0.92
D /mgdm3 094 16448 0.06 857 549 052 1676.18 0.011 0.13 0.32
High traffic
Crin/ Mgdm3 127 19290 0.14 9.81 5.67 052 1149.80 0.027 0.20 0.45
Crax/ Mgdm3 614 849.40 0.32 30.82 3425 1.99 10786.00 0.086 1.37 2.37
Crmean/ Mgdm= 238 45334 020 1597 11.96 0.95 349491 0.045 0.46 0.94
D /mgdm3 170 27362 0.06 7.01 9.96 048 3393.07 0.024 041 064
Traffic islands

Cmin/ mgdm=3 022 3485 004 178 0.88 0.10 235.30 - 005 012
Cmax/ Mgdm3 074 116.30 0.09 5.72 320 030 217450 - 023 043
Cmean/ Mgdme 0.35 59.34 0.05 3.01 192 015 98331 - 010 019
S /mgdm3 018 26.65 002 135 0.73 0.07 624.20 - 006 011
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orders of magnitude higher than ambient background levels measured at the
reference site. Reference sampling point (R15) was located in a residential area
in Novi Sad near the Danube River away from roads and industrial plants. There-
fore, the reference sample was believed not to be directly polluted by traffic or
human activities, but affected only by atmospheric pollutants. The lowest metal
concentration was found for Ni (0.0265 mg dm=3) while, as expected, the highest
was for Na (10786 mg dm=3). The high concentration of Na, which exceeds the
other concentrations by orders of magnitude, is a consequence of sodium chloride
being used as a de-icing agent on roads during winter. Sodium chloride has only
been considered a pollutant since 2001.23 The metals, in descending order of
mean concentration were Na> Ca> Fe> K > Al > Mn > Zn > Pb > Cu > Ni.
This order was the same for both high traffic and low traffic locations. The order
was the same for traffic islands, but the Ni concentration was below the limit of
detection. This indicates only small variations in the composition of the snow at
the selected locations in urban areas of Novi Sad. It also indicates that the
samples were in general impacted by the same source(s). It is considered that the
main pollution sources in the area studied in this work may be traffic, oil refining
and combusting for home heating in some parts of the city. The only large facil-
ity isthe oil refinery located in the northeast part of the city. The second highest
concentration of Ca at all locations was, most probably, due to contribution from
soil particles containing minerals. Soil dust is the most likely source of this high
level of Ca as well as of K. Another source of Ca and K was the de-icing salt.
Namely, according to its Quality and Safety Certificate, the de-icing salt used by
the Public Utilities Company of the city of Novi Sad contained 0.281 Ca, 0.040
Mg and 0.012 % K. The salt was imported from Ukraine (produced in salt mines
in Soledar).

The calculated ratio between mean values of metal concentration at high and
low traffic locations, shown in Fig. 2a, indicates the impact of traffic volume.
The most significant differences in concentrations of elements that mainly ori-
ginate from anthropogenic sources at locations near the high and the low traffic
crossroads were for Na (1.73) and Pb (1.58). For a number of years, only
unleaded petrol has been in use in many countries, but in Serbia, leaded petrol
was dtill in use at the time of sample taking. Therefore, it was assumed that the
lead content was mostly a result of traffic pollution. Considering de-icing salt as
the main source of Na, it is evident that more salt was applied at high traffic
locations.

The main source of metas at traffic isand locations was snow ploughed
from the roads. As expected, the mean concentration of metals at traffic islands
was considerably lower compared with those at high traffic density locations.
The ratio between mean values of metal concentration at traffic islands and high
traffic locations was not significantly different, as can be seenin Fig. 2b.
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The results of this study were compared with the results of the total metal
concentrations in urban snow reported for Cu, Zn and Pb,3 as well as for Al, Ca,
Cu, Fe, Na, Pb and Zn.1 Concerning Cu, Zn and Pb, the results of this study were
in the same range as those reported in the literature.3 Mean values of Cu and Zn
were of the same order of magnitude but lower than the values measured in
Innsbruck3 for both high and low traffic locations. The mean Pb concentration at
low traffic locations was approximately the same, while at high traffic locations
the result of this study was higher than that reported by Engelhard et al.3 The
results of this study were compared with the values reported by Glen and Sansa-
lonel for snow collected on highways in Cincinnati, OH (USA). The maximum
concentrations for Cu, Al, Fe and Zn were one order of magnitude lower that the
corresponding concentrations reported in the literature.l The smallest difference
between the results reported here and in the literaturel concerns Ca and Ph. The
highest concentration level obtained for Na was one order of magnitude greater
than that reported by Glen and Sansalone.l

Correlation analysis was performed to estimate the extent of the relationship
between any two variables in the group of investigated metals. The Spearman
rank correlation coefficient values were calculated for high and low traffic loca-
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tions data and the results are given in Table I1. Interestingly, all correlation coef-
ficients significant at the 0.05 level were positive. The correlation analysis results
showed the absence of significant correlations between the concentration of Na
and any other metal considered in the study. This result is consistent with the fact
that the total metal concentration was measured. An observation on polluted
snow from other studies?3.24 was that increased values of dissolved metal con-
centrations are correlated with greater levels of de-icing salt concentrations. The
chloride ion is highly mobile and causes the washout of pollutants, such as heavy
metals, from deposited sediments.25-27

TABLE Il. Spearman rank correlation coefficient values between the measured parameters for
combined data: high + low traffic locations; * — values significant at the 0.05 level

Ca Cu Fe K Mn Na Ni Pb Zn
Al 0.45 0.81* 0.86* 0.30 0.52 -0.03 0.87* 0.67* 0.45
Ca 0.39 0.32 0.68* 0.68 0.52 0.57* 0.85* 0.60*
Cu 0.67* 0.23 0.28 -0.28 0.73* 0.56* 0.25
Fe 0.28 0.70 -0.05 0.83* 0.51 0.64*
K 0.56 0.46 0.36 0.43 0.56*
Mn 0.28 0.64* 0.64* 0.88*
Na 0.09 0.30 0.36
Ni 0.66* 0.67*
Pb 0.51

In agreement with expectations, metals originating predominantly from natu-
ral sources were strongly correlated (at the 0.05 significance level), e.g., strong
positive correlations were found between Ca and K. Furthermore, the results
indicated a strong positive correlation between the Fe and Ni concentrations,
which could be a result of attrition of steel parts. The strong positive correlation
between Cu and Ni could be a consegquence of the emission of these two metals
from brake-lining wear, and metal plating parts.16:28 This was aso the case for
Ni and Zn, for which a strong statistically significant positive correlation was
found. Potential sources of Zn are tire wear and motor 0il.10 The statistically
significant positive correlation between Al-Ni, Al-Fe, AlI-Cu, Fe-Cu, Fe-Zn is
consistent with the fact that the traffic related emission sources contribute to the
levels of these elements in the environment.9.25

Interestingly, a very strong, statistically significant, positive correlation was
found between Ca and Pb, which means that there could be some kind of rela-
tionship between them. This result is not consistent with the mentioned assump-
tion that the main source of lead was vehicle exhausts. As aready stated, the
main source of Caat all locations was probably minerals from soil dust particles.

Cluster analysis is a very efficient tool for the identification of metal
sources.29 The main purpose of cluster analysis is to split a number of variables
into groups that have similar characteristics or behaviour.30.31 Cluster analysis
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can be performed either by clustering variables or samples. In multi-element anal-
ysis, obtained concentration levels are usually very different. Therefore, the data
must be “prepared” for cluster analysis by using appropriate standardization
techniques. The Z-scale standardization was used in this analysis. Although some
cluster analysis procedures do not require the data to be normally distributed, the
Box—Cox transformation32 was performed as well. In this study, the most
common approach, hierarchical clustering, was used to cluster variables. Hierar-
chical clustering was first performed on the data from the high and low traffic
locations using the Ward method33 with squared Euclidean distances as a mea-
sure of similarity. This approach resulted in grouping the metals into two clusters
with significant differences between them. The dendrogram of the hierarchical
cluster analysis of total metal concentrations at the high and low traffic locations
is shown in Fig. 3. The first cluster consists of Al, Cu, Fe and Ni, divided into
two sub-clusters: Al-Cu and Fe-Ni according to the degree of association
between the metals. As mentioned in the subsection concerning correlation anal-
ysis, very strong statistically significant correlation coefficient values were found
for pairs of metals within this group. These metals are typical road run-off pol-
lutants and many sources for all of them are traffic related: moving engine parts
and brake-lining attrition, auto body rust and wire corrosion.2>:34 The second
cluster contained K, Ca, Pb, Mn, Zn and Na. Such a groupation in the second
cluster was unexpected because of the close linkage between Ca and Pb, and
between Mn and Zn. It is assumed that Ca and Mn mainly originated from
natural geochemical sources (soil erosion products, windblown soil dust) while
Pb and Zn may have derived mostly from traffic pollution (leaded gasoline, tire
wear, motor oil). While interpreting the results, it was born in mind that sampling
locations with high (low) anthropogenic input could additionally be influenced
by high (low) natural input. In other words, high anthropogenic input does not
exclude high natural input.

When hierarchical clustering was performed for al data, including those
from traffic island locations, three distinct clusters were obtained. Fig. 4 displays
the hierarchical dendrogram for high traffic + low traffic + traffic isand data. Ni
was not detected on traffic island locations and therefore was not included in the
analysis. As could be seen in Fig. 4, cluster 1 contained Al, Cu and Fe; cluster 2
K, Ca, Pb, Mn, and Zn, while cluster 3 contained only Na. As already mentioned,
the main source of Nais de-icing salt and the results of the multivariate statistical
analysis are consistent with this fact.

The partitioning method was used to cluster sampling locations. In contrast
to the hierarchical method, this method requires the number of clusters to be pre-
determined. Considering the vehicular traffic density as one of the primary
variables that influences metal concentration, a hypothesis that all samples could
be divided into two groups was proposed. The idea was to check how the

Available online at shd.org.rs/JSCS/

2014 Copyright (CC) SCS




ANALYSIS OF METALS IN URBAN SNOW 273

samples would cluster if there was the possibility to separate them into two
groups. The K-means algorithm with a predetermined number of clusters was
used. The partitioning method was initially performed on data for both high and
low traffic metal concentration values, then traffic density data (an additional
variable) was added. The results were the same. One of the clusters included
locations L2, L4, H5 and H7. The other included L1, L3, L5, L6, L7, H1-H4, and
H6. Each cluster comprised sampling locations from both high and low traffic
locations. Thus, the results showed that traffic density was neither the only nor
the most important factor that divided the samples into two groups.
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Fig. 3. The dendrogram of the hierarchical cluster analysis of the total metal concentrations
for combined data: high traffic locations + low traffic locations.
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Fig. 4. The dendrogram of the hierarchical cluster analysis of total metal concentrations for
combined data: high traffic locations + low traffic locations + traffic islands.
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CONCLUSIONS

The metal contents of twenty-two snow samples taken directly from the
roads and traffic islands in the urban area of Novi Sad were determined using the
ICP-OES analytical technique. The small variation in the composition of snow at
the selected |ocations indicates that the samples were, in general, impacted by the
same source(s).

The hierarchical clustering applied to the variables (metals) for samples
taken directly from the roads comprised two distinct groups of metals according
to the degree of their association. The results of metal clustering were consistent
with the fact that very strong statistically significant correlation coefficient values
were obtained between pairs of metals within both groups. The partitioning
method of cluster analysis was a so performed on sampling locations. The results
showed that the traffic density was neither the only nor the most important factor
that divided the samplesinto two groups.

The results of non-parametric correlation analysis and multivariate statistical
analysis revealed that common sources (most likely traffic related) mainly con-
tribute to the contents of Al, Cu, Fe and Ni. Associations between some inves-
tigated elements (Ca, K, Mn, Pb and Zn) may suggest inputs from both anthropo-
genic activities and natural geochemical sources. Considering al of the analyses
conducted in this study, no categorical conclusion concerning the pollution
sources could be made.

Acknowledgment. The Ministry of Education, Science and Technological Development
of the Republic of Serbiafinancially supported this work, projects No. 11145015 and 34014.

n3BOJ

MYJITUBAPUJALIMOHA AHAJIU3A CAOPXAJA METAJIAY CHETY CA YPBAHOT'
[NOOPYUJATPAJA HOBOI CAIIA

AJIEKCAHJIPA MAXAWIOBHR', MUJTMLIA BYYUHWE BACHR', JOPIAHA HUHKOB®, CY3AHA EPUR’,
HEBOJIUA M. PATIEBUR', TOMAC HEMEII' # ATIEKCAHJIAP AHTHR'

1CDaKymmw wexHuukux Hayka, Yrnusepsutieii y Hosom Cagy, Tpt Jocuitieja Odpagosuha 6, 21000 Hosu
Cag, 2Hucumyu7 3a pawmapcineo u uospmapcuieo, Maxcuma I'opxoi 30, 21000 Hosu Cag u 3Pygapcxo—
—Teonowxu paxyniteii, Ynusepsuitei y beoipagy, Bywuna 7, 11000 Beoipag

Toxom pmenemdpa 2009. roguHe cakyImbeH je CHer Ha JIBafieceT U /IBe JIOKalldje Ha MoJ-
Pyyjy rpana Hosor Caza ¥ To JUPEKTHO ca acanTHUX MyTeBa U ca Melavykux ocTpBa. Mero-
nom ICP-OES cnexTpockonuje ofpehena je ykynHa xkoHueHTpauuja cinesehux merana: Al, Ca,
Cu, Fe, K, Mn, Na, Ni, Pb u Zn. Hajmamwa u Hajseha koHUeHTpanuja MeTana y HCIIUTUBAHUM
y3opuuMa yTBpheHe Ccy 3a HUKI U HaTpujyMm, penom. Ipyru mo omazajyhem penocieny KoH-
LeHTpaudja O1o je KalalujyM U TO Ha CBHUM JIOKalljama. Y LWy ompehuBama MOBE3aHOCTH
MeTasa “3padyHarte cy BpedHocTH CnupmaHoBor (Spearman) KopenalMOHOT KoedHUIMjeHTa
3a mapoBe MeTana. Takohe, na Om ce yTBpAWia moBe3aHOCT u3Mel)y caMUX MeTana Kao H
n3Mehy meTasna U JIoKalidja U3BpILIEHa je ¥ KIacTep aHaau3a NodHjeHHX mojaTaka U TO KOPUC-
Teh¥ XujepapxujCcKy ¥ MapTUUUOHK MeTon. Ha oCHOBY M3BpLIEHHX aHanW3a yTBpheHo je ma
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ANALYSIS OF METALS IN URBAN SNOW 275

ryctuHa caodpahaja Huje HAjOUTHHjU dAKTOP KOjU je Y3POKOBAO pa3ivKe y KOHLEHTpaluKWjama
MeTajia Y UCTIUTUBAHUM Y30pIUMa.

(ITpumspeno 11. mapTa, pesupupano 13. maja 2013)
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