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ABSTRACT

Lake of Shkodra as the largest lake in the Balkan Peninsulaforms arela-
tively complex ecosystem. One of the most important indicators of this
ecosystem is also the quality of air. Air quality can be estimated based on
several viewpoints, using physical or chemical parameters. In this study,
the work is based on estimation of particulate matter concentrationsin the
air. Particulate matter is one of the most important physical parameters
influencing air quality. There are selected three main locationsin the mea-
surement campaign; urban center of Shkodra city and the tourist center
Shiroké. There are monitored PM-s mass concentrations in these centers,
and then there are obtained conclusions about emission sources and trans-
port mechanisms, controlling the concentrations of particulate matter in
our study.

PM_ concentrations in both locations are near the thresholds of interna-
tional recommendations. This fact signifies the necessity of initiation of
more profound studies on reducing of emission rate of particulate matter in
the city of Shkodra. © 2013 Trade Sciencelnc. - INDIA
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Atmospheric particlesoriginatefrom avariety of
sources and possess arange of physical and chemical
properties. Collectively, particul ate pollution isoften
referred to astotal suspended particulates(TSP). Fine
particulates lessthan 10 and 2.5 micronsin sizeare
referredtoasPM, and PM, ., respectively*?. These
have the most significant impact on human health be-
causethey can penetratedeepintothelungs. PM, emis-
sonsareakey health concernwith estimated economic
damage costs much higher than for other pollutants3.

Atmaospheric particulatematter (PM) affectsclimate,
environment, visibility and health through agrest vari-

ety of processes. PM canbeclassfied by sizeintoPM,
and PM, . whose median aerodynamic diameter |ess
than 10 mmand 2.5 mm, respectivelyi49,

Wood smoke produces particles too small to be
seen by the human eye, measuring 10 microns and
smaller. Larger particles tend to settle out of the air
quickly, and arelesslikely to affect public health. Par-
ticles 10 micronsand smaller may beinhaled deepin
thelungs, posing athrest to publichedth and visibility.
Particles 2.5 micronsand smaller, are of the highest
concern for potentia health effectd®.

Healthimpactsof air pollution vary based onthe
type of pollutant, length of exposure, and extent of in-
teraction among pollutants. Fine particul ate matter such
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as PM,, poses a serious and direct threat to human
health asthe particles penetrate deep into lung tissue,
conveying toxic substances.

TheubiquitousPM air pollutionislikely to havea
largeoveral impact on human health, even if therisks
arerdatively smal™. Therehaverecently been alarge
number of papersreportingquantitative estimations of
the healthimpact of PM on health, asmeasured by the
proportion of excesseventsthat are attributabl eto PM
exposuresinthegeneral population, mainly inindustri-
dizedcountries®.

Shkodralake has many tourist centersaround it.
Nearest urban centers are the cities of Shkodra and
Podgorica To estimatethe presence of parti culate mat-
ter inthisregion, many papersare presented in scien-
tificjourna sand internationa conferences™?.

MATHERIALAND METHODS

Thissection congstsof threemain parts, Siteselec-
tion, measurement methodsand instrumental setup.

Site selection

The selection of sitesfor PM monitoringisdone
based ontheir diversity of conditions. We have done
meesurementsin different locations, for estimating PM_
concentrations near the Lake of Shkodra. There are
selected several sitesin the urban areaof the city of
Shkodra, and one siteoutsidethecity (Figure 1-2).

Thesitesinthecity arelocated in the center of the
city, near themain exit road of thecity, and in theinner
part of the city (about 55 m far from the main roads).
Messurementsin thefirst two Stesof urban centersare
done near the roads, while measurementsat thethird
Sitewere conducted to perform aclear pictureof city
background PM_ concentrations. Shkodracity isan
urban center with about 120,000 inhabitants. Inthis
center main PM_ sources aretraffic and residential ac-
tivities(likecooking, heating), commercid activities, etc.

Another stewherewe have conducted PM mea-
surementsis Shiroké. This is a rural area near the lake.
Itsair distance from the urban center of Shkodrais
about 4.8 km. Main PM contributorsinthisareaare
resdential activities and the transport mechanismfor
the urban center. Traffic playsaminor rolein PM emis-
son.
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Figurel: Location of Shkodral akeand populated centers

of Shkodracity and Shiroke.
Analyzesmethods

ThePM monitoring campaign wasredlized during
the autumn season, October 2010. We are focused
mainly onfar weather messurement conditions, athough
themeasurementsarecarried out dsoinrainy and foggy
days. At each site there are done measurements for
severa days, and thisprocessisrepeated every month.
A further sepin measurement methodsisa sotheandy-
sisof measurement data. Theuseof Information Com-
munication Technology (ICT) isoneof themost impor-
tant factors, influencing on our andysisprocess™. There
areextracted morethan 70,000 experimental values
(PM concentrations). These datawerecollectedinthe
memory card of themeasurement instrument. After each
measurement, in each site, we havedownloaded these
datainto computer. Then these dataare then analyzed
by softwarelikeMicrosoft Excd, Wolfram Mathemética
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6.0, MATLAB R2010a, Origin 8, etc.

For measurementsand data collection an Environ-
mental Dust M onitor, modd GRIMM EDM 107 isused,
which enables simultaneous measurements of PM
PM, . and PM_ . Measurement principleislight-scat-
tering and the measurement range of thisinstrument is
0.25-32 um. Thissizerangeisdividedinto 31 channels
(number concentrations) for aerosol research, andin
three PM modesfor environmentd purposes. Concen-
tration rangeis 1-2 10° particles/liter. Thetimeresponse
of theinstrumentis1 min, but it can be obtained hourly
or daily averaged data. Inthe Figure 2the EDM 107
instrument and a soitscasefor outdoor monitoringis
presented.

Figure2: Environmental dust monitor, GRIMM EM 107.

RESULTSAND DISCUSSIONS

For the measurements during monitoring campaign
on theabove mentioned sites, there are obtai ned these
parameters of PM concentrations; minimal, average,
maximal, median, modeand standard deviation.

Wehaveaso obtained PM_averaged valuestaken
in the city of Shkodra (background PM_concentra-
tions) and rura center of Shirokg.

Measured PM, concentration val ues during moni-
toring campaign are presented in the TABLES 1-3.
VauesinTABLES 1-4 are expressed in ug/mg.

Itisclearly seenthat PM concentrationinthecity
of Shkodraisgreater thaninrura areaof Shiroké (ex-
cept minimal vaues). The“‘surprising” result that mini-
mal valuesaregreater intherura areacan bejustified
by thefact that timeinterva duringwe have conducted
measurementsin Shiroké is only 5 hours, from 13*°to
17% (obtai ning about 300 values). Inthisinterva isnot

—= Fyll Peoper

achieved yet thelowest trafficand resdentid activities,
and sothered minima vauesin Shiroké must be much
lower thantheminimal valuespresentedin TABLE 2.

TABLE1: PM_ concentrationsinthe Shkodracity (inner
part).

Minimal Average Maximal Median Mode St.dev.
PM; 1325 27.13 63.08 23.00 1490 15.60
PM,s 16.35 33.50 79.12 27.20 18.00 20.51
PM,, 38.03 69.52 140.6 60.10 4520 36.33

TABLE 2: PM  concentrationsin the Shkodracity (road
side).

Minimal Average Maximal Median Mode St.dev.
PM; 2247 30.82 46.22 29.15 26.30 7.47
PM,s 26.98 38.56 70.83 3045 29.70 13.67
PM;, 4152 96.07 256.7 68.60 63.80 86.89

TABLE 3: PM  concentrationsin therural areaof Shiroke.

Minimal Average Maximal Median Mode St.dev.

PM;  6.52 7.03 7.49 700 750 043
PMys 743 8.08 8.61 810 830 053
PMy, 946 10.97 12.67 1095 1110 213

We have a so compared averaged PM concentra
tionsin thecity of Shkodraand Shiroké to WHO! rec-
ommendationsfor PM,,. and PM_  concentrations,

These comparisonsare presented by the TABLE 4.

TABLE 4: Comparisonsof measured PM_concentrations
with inter national recommendations.

Shkodra ) WHO
Shiroké
Inner part Road-side 24-hour mean Annual mean
PMys 335 385 293 25 10
PM 1o 69.5 96.1 47.7 50 20

Main PM_ sourcesin Shkodracity aretraffic (ve-
hicle emissionsand resuspension dust, etc.), domestic
activities (heating, cooking, etc), commercia activities
(bars, hotels, etc).

Average PM vauesintheinner part of thecity (55
m far from the main road) are much lower than PM
valuesintheroad-side measurements. Thehigher dif-
ferencesbetween these va ues are obtained especially
inthe caseof larger aerosol modes.

Meanwhilemain PM_sourcesin Shiroke are al-
most the sameasin Shkodracity, athoughtheir contri-
butionsaremuch lower, especidly inlargest PM modes.
For both measurement sites (Shkodraand Shirokg),
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thereisanother PM contributor; long-rangetransport,
contributing especially inthelower PM mode (PM,).
But thelast sourceinfluence more PM, concentrations
in Shiroké than in Shkodér. This is because Shkodra
city isthelargest areasourceof particulatematter inthe
region of ShkodralL ake.

Theoverall results (averaged PM_ concentrations
in ug/m?) intwo sitesin Shkodraand in Shiroké are
presented in Figure 3.

Let usdiscussabout theinfluence of the distance
from the sourceto aerosol concentration onthe mea-
surement Site. Trafficisthemajor sourceof agrosolsin
the near-road measurements. Traffic and combustion
processesarethemgjor sourcesfor the measurements
intheinner part of thecity. Meanwhile combustion pro-
cesses and long range transport for Shkodracity are

120.00

theprincipa sourcesof aerosols onthe measurements
in Shiroka Combustion processesemit primarily PM,
and PM, .. Because aerosol sof these modes constitute
astable background over the areaof the city, wecan
exclude combustion processesformthisanalysis. Thus
for measurement inside the city we have considered
onlyfor traffic.

Thereduction of PMj according to the distance
fromthesourceiscal culated inthisway:

inner  ———Shiroke

PM1o —-PM1o _ 69.52-10.97
distance (m) B 9500
PM, reduction for the measurementsin Shiroka, is
determined using background concentrations in
Shkodracity (measurementsin theinner part of thecity)

and average concentrationsin Shiroka
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Figure3: Overall PM, concentrationsin measuring sites.
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Figure4: Reduction speed of aer osol concentration vsaer odynamic size.

Hnalytical CHEMISTRY o
A Tndéan W



ACAIJ, 12(10) 2013

F.Mandija

397

Let now discuss about other modes; PM, and
PM, .. After calculations we obtain R,5 =053 and

R, = 0.42. Thusthe speed of reduction resultsrelated

to aerosol size. Correlation coefficientsamong theva-
uesof speed reduction and aerosol sizes(1,2.5and 10
um) is0.99.

Thissituationispresentedin Figure4.

InFigure4, theunitsin horizontal and verticd axes
areum and png/mé? respectively.

Figure4 showsaclear positiverelation between
aerosol sizeand the reduction speed of their concen-
trations. So we can conclude that PM, and PM,,,
sourcesin Shkodracity caninfl uencedsomthelr con-
centrationsin Shhiroké or other areas near Shkodra
Lake. Meanwhile PM sourcesin Shkodracity influ-
enceonlyintheareaof thecity.

CONCLUSIONS

PM concentrationsplay adirect effect onthequal-
ity of our living environment. Wehave measured PM
PM., . and PM_, concentrationsintwo mainlocati ons
urban center of Shkodracity and rura areaof Shiroké.

Based on the measurement resultsit can be seen
that all PM,_ concentrationsin Shkodracity exceedin-
ternationd limits and moreexactly limitsrecommended
by WHO. Intherural areaof Shiroké, which is also a
tourist location of the Lake of Shkodra, thesituationis
better than in urban centers. PM, concentrationsinthis
areaareinthelimitsof WHO 24-hour limits, butitisa
clearly excess of theannual limit for PM, .and PM |
concentrations.

High PM_ concentrationsinthe Shkodral skearea
influencedirectly onthequality of itswater, |oading con-
tinuoudly it with particulate matter.

Reduction speed of aerosol concentrationsaccord-
ing to the distance from the source, results positively
correlated to aerosol aerodynamic size.

Thusit must beanimportant god of dl responsible
authoritiestoregulatethisstuation, especidly intourist
locationslike Shirokg, etc. This would improve the qual-
ity of both air and water intheareaof Lake of Shkodra.

—— Fyll Peper
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