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Persistentorganic pollutants(POPs)suchaspolycyclic aromatichydrocarbons(PAHs), polychlorbiphenyls (PCBs),and
pesticides(hexachlorcyclohexanes(HCHs),dichlordiphenyltrichlormetilmetanes(DDTs))wereinvestigatedin theatmospheric
air andsoil at 5 sitesof LithuaniaduringMarch–August,2006. POPsconcentrationat differentsamplingsitesvariedin the
rangeof 6.39–127.8ngm¡ 3 , 0.017–0.440ngm¡ 3 , 0.088–0.310ngm¡ 3 , and0.006–0.360ngm¡ 3 in theatmosphericair and
in therangeof 29.5–529.3ngg¡ 1 , 0.6–24.0ngg¡ 1 , 0.4–1.1ngg¡ 1 , and0.3–7.7ngg¡ 1 in soil for PAHs, PCBs,HCHs,and
DDTs,respectively. ThedirectrelationshipbetweenthePOPsconcentrationlevel in theatmosphericair andsoil atall sampling
siteswasobserved. Theconcentrationsof PAHs dominatedover thoseof otherPOPgroupsin theatmosphericair andsoil as
well. Thehighestconcentrationsof almostall POPcompoundsweredeterminedin theatmosphericair andsoil in Vilnius city
at thesitewith intensive traf�c andcommercialactivity. Suchwide rangeinvestigationsof POPsin thenaturalenvironment
componentshavebeenperformedfor the�rst time in Lithuania.
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1. Intr oduction

Persistentorganic pollutants (POPs)due to their
wide distribution, ability to bioaccumulatein the fatty
tissue,andcarcinogen,mutagen,or endocrinedisrup-
tion potentialremainin thecentreof researchers'atten-
tion [1]. Amongdifferentorganicmatters,POPs(poly-
cyclic aromatichydrocarbons(PAHs), polychlorinated
biphenyls (PCBs),pesticides,polychlorinateddibenzo-
p-dioxins,anddibenzofurans)arethemostinteresting
fromthepointof view of theirbehaviour in theenviron-
ment. Differentclassesof POPsareemittedfrom var-
ioussources:PAHs aremainly emittedin combustion
processesfrom industrialor domesticsitesandtraf�c
[2], PCBsarespreadvia chemicalsusedin semicon-
ductorindustryandby wastedisposal[3,4], dibenzo-
p-dioxins anddibenzofuransvia operationof land�lls
and incinerations[5,6], andpesticidesarespreadvia
dispersionto the soil [7, 8]. Furthermore,secondary
sourcesof POPsinclude the spreadingof sludgeon
thegroundsurfaceandremobilizationof previouslyde-
positedcompoundsfrom soil andwaterbodies.Theat-
mosphereoftenplaysakey rolein theirtransportwithin

the immediatevicinity of POPsourcesaswell asover
greatdistances[9,10]. Atmospherictransportis also
themain routefor carryingPOPsto the terrestrialand
aquaticecosystems[11,12].

Researchon POPsin theenvironmentcurrentlyfo-
cusesondeterminationof uncertaintiesdueto theiram-
bient sources,atmospherictransportandfate,andair-
surfaceexchangeto clarify the complex factorscon-
trolling air concentrations.Measurementsof theatmo-
sphericair concentrationatdifferentsitesareneededto
assesscontribution of sources,atmosphericprocesses,
and the long-rangeatmospherictransportof potential
toxic POPs.

High-volumesamplersareusuallyusedasconven-
tional samplingtechniquesto determinePOPsin the
atmosphericair [6,7,13–15]. The relatively high cost
of theequipmentaswell astherequirementfor apump
and sourceof electricity are importantdisadvantages
of this samplingmethod.A potentialalternative is the
use of passive samplers. Thesedevices can be de-
ployed at many sitesat the sametime, which offers
a new approachto the large-scaleinvestigation. As it
providesinformationaboutlong-termcontaminationof
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theselectedsite,passive air samplingcanbeusedasa
screeningmethodfor semi-quantitative comparisonof
differentsiteshaving advantageof low sensitivity to ac-
cidentalshort-timechangesin theconcentrationof pol-
lutants.However, it hasbeendemonstratedthatpassive
air samplersaremainly availablefor studyof vapour-
phasePOPs,they areappliedto POPmonitoringonthe
globalandregionalscale[16–18].

Theaim of this studywasto determinesomepoly-
cyclic aromatichydrocarbons,polychlorinatedbiphen-
yls, andpesticidesby exposingpassive samplersin the
territory of Lithuaniaaccordingto the programof the
pilot studyfor developmentof themonitoringnetwork
in the Centraland EasternEurope(MONET CEEC),
2006underthe auspicesof ResearchCentrefor Envi-
ronmentalChemistryandEcotoxicology(RECETOX),
MasarykUniversity, Brno, CzechRepublic. Further-
more,this studywasthe�rst attemptto investigatethe
distribution of POPssuchasPCBsandorganicchlori-
natedpesticidesin theenvironmentof Lithuania.

2. Experiment write-up

Samplingsites. Monthly samplingof POPsin the
atmosphericair was performedat 5 chosensites in
the territory of Lithuaniain theperiodof 21 March to
13 August 2006: two samplingsiteswere chosenin
the westernpart (Preila,Plateliai)andthreesampling
sitesin theeasternpartof Lithuania(Vilnius, Aukštieji
Paneriai,Rūgšteliškis)(Fig.1). Theselectedsitescom-
prisedcommercialandindustrialpartof theVilniuscity
andits suburbAukštieji Paneriai,while othersitesrep-
resentedthemonitoringbackgroundstations.Detailed
characteristicsof the samplingsitesarepresentedbe-
low:

² Preila(55±200N; 21±000E) is abackgroundenviron-
mentalpollution researchstationof the Instituteof
Physics(Lithuania)on thesoutheasterncoastof the
Baltic Sea.It is locatedontheCuronianSpit (70km
in lengthand2–3km in width) separatingtheCuro-
nian Lagoon from the Baltic Sea. The main lo-
cal sourcesof pollution aresmall villagessituated
alongthespit andthe traf�c on theroadKlaip�eda–
Kaliningradatadistanceof 300m.

² Plateliai(56±0006200N; 21±5202800E) is anintegrated
monitoring station located in �emaitija national
park,50km to theeastfrom theBaltic Sea.

² Rūgšteliškis(55±2602600N; 26±0306000E) is an inte-
gratedmonitoringstationlocatedin theAukštaitija

Fig. 1. Geographicallocationof samplingsites.

Fig. 2. Schemeof thepassiveair samplingdevice.

NationalParkwheremeasurementsof POPsaccord-
ing to EMEPprojectareperformed.

² Aukštieji Paneriaisamplingsite (54±3903000N; 25±

1401600E) is in the forestedarea,in the territory of
the Instituteof Physicsin the southwesternpart of
Vilnius city. Experimentalwasteand local traf�c
canbeasourceof pollution.

² Vilnius samplingsite (54±4203700N; 25±2004000E) is
locatedin thecommercialandindustrialpartof Vil-
nius city nearthe streetwith intensive traf�c (�e-
mait�esSt),amongresidentialbuildings.

Concentrationsof POPsin the soil at air sampling
sitesweredeterminedaswell. The plot of about10–
15 m2 areawithout vegetationcover in eachlocation
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wasselected.From5 to 10subsamples(ca0.3–0.5kg)
weretakenatdifferentrandompointsfrom thesoil sur-
facelayer(0–10cm) of this area.Five combinedsam-
plesof soil werecollectedatall air samplingsitesatthe
endof air samplingcampaign(August,2006).

Sampling. For samplingof POPsin theatmospheric
air, passive air samplerswere used. They are com-
posedof a foam disk (15 cm diameter, 1.5 cm thick,
0.03 gm¡ 3 density, type N 3038, Gumotex Breclav,
CzechRepublic)placedin a stainlesssteelsampling
chamberconsistingof two domes(Fig. 2) [19]. This
“�ying saucer”designprotectsthefoamdisksfrom di-
rectprecipitation,sunlight,andcoarseparticledeposi-
tion.

Samplingchamberswere prewashedand solvent-
rinsedwith acetoneprior to installation.All �lters were
prewashed,cleaned(8-hour-extraction in acetoneand
8-hour-extractionin dichloromethane),wrappedin two
layersof aluminumfoil, placedinto zip-lockpolyethy-
lenebags,andkept in thefreezerprior to deployment.
Exposed�lters were wrappedin two layers of alu-
minumfoil, labelled,placedinto zip-lockpolyethylene
bags,and transportedin a coolerat 5 ±C to the labo-
ratory wherethey were kept in the freezerat –18±C
until the analysis. Air was allowed to �o w over the
samplingsurfacethrougha » 2.5 cm gapbetweentwo
domes.Theaveragesamplingratewasestimatedto be
3.5m3=day, whichroughlycorrespondsto 100m3 for a
28-daysamplingcycle. Exposuretimeof four to twelve
weeksenablesdeterminationof many compoundsfrom
thePOPgroup[20]. Thetechniqueof passivesampling
anduptakeof POPsby polyurethanefoamis described
in [16,21] andit wasshown thatpassivesamplerswith
polyurethanefoam can be usedmainly for gas phase
POPsandmaycollectonly somepartof �ne particles
[18].

Analysis. All sampleswereextractedwith dichlor-
methanein a Büchi systemB-811 automaticextrac-
tor. Surrogaterecovery standards(d8-naphtalene,d10-
phenantrene,d12-perylenefor PAH analysis, PCB
30 and PCB 185 for PCB analysis) were spiked
on each �lter prior to extraction. Terphenyl was
used as internal standardfor polyaromatic hydro-
carbons(PAHs) and PCB 121 was used for poly-
chlorinatedbiphenyl (PCB)/ organochlorinepesticide
(OCP) analyses. Volume of extracts after extrac-
tion was reducedunder a gentle nitrogen streamat
ambienttemperature.Fractionationof PCB/ OCP in
extracts was performed on a silica gel column (a
sulphuric acid modi�ed silica gel). Sampleswere
analysedusing GC–ECD (HP 5890) supplied with

a Quadrex fused silica column for PCBs such as
PCB28,PCB52,PCB101,PCB118,PCB153,PCB138,
PCB180,andOCPssuchas®-hexachlorocyclohexane
(HCH), ¯ -HCH, ° -HCH, ±-HCH, 1,1-dichloro-2,2-
bis(p-chlorphenyl)ethylene (p,p'-DDE), 1,1-dichloro-
2,2-bis (p-chloroprene)ethan (p,p'-DDD), 1,1,1-tri-
chloro-2,2-bis(p-chloroprene)ethan(p,p'-DDT), o,p'-
DDE, o,p'-DDD, hexachlorobenzene(HCB), andpen-
tachlorobenzene(PeCB).Furthermore,16 polycyclic
aromatichydrocarbonsrecommendedby EPA (Envi-
ronmentalprotectionagency, USA) weredeterminedin
all samplesusingthe GC-MS instrument(HP 6890–
HP 5972)suppliedwith a J&W scienti�c fusedsilica
column DB–5MS. The laboratoryblank test and the
referencematerialwereanalysedwith eachsetof ten
samples. Limit of quanti�cation was 0.2 ng�lter ¡ 1

(= 2 pgm¡ 3) [22].
Meteorologicaldata such as ambienttemperature,

precipitation,humidity, and wind speeddirection for
all samplingsitesduring eachperiodof investigation
have beentaken from the NOAA (National Oceanic
andAtmosphericAdministration)meteorologicalnet-
work [23].

3. Resultsand discussion

Therangesandaveragesof monthlyconcentrations
of variousPOPsin the atmosphericair at � ve moni-
toring sitesof Lithuaniaarepresentedin Table1 and
distribution of sumof concentrationsof eachgroupof
determinedpollutantsat differentsitesis presentedin
Fig. 3. Data indicate that concentrationsof various
POPsare different in the territory of Lithuania with
wide variationof somepollutants.Theconcentrations
of PAHs pro�les showed that 2–3-ringed(from naph-
thaleneto antracene)and 4-ringed(�uorantheneand
pyrene)of PAH specieswerehigher than thoseof 5-
and6-ringedPAHs, which, accordingto earlier stud-
ies,weremainly associatedwith particlesin theatmo-
sphericair [14]. A decreasingtrendfrom Marchto Au-
gustwasobservedfor eachof 16 PAHs at all sampling
sitesclearlyindicatingseasonalityof pollutionandsug-
gestinggenerationof PAHs by fuel burning for do-
mesticheatingin theperiodof March–April. Further-
more,theconcentrationsof lighterPAHs determinedin
this studywerevery similar to thosedeterminedat the
Preilabackgroundstationin 1991by usinglow volume
air �ltration, while the concentrationsof particulate
PAHs determinedby the methodof passive samplers
were relatively low comparedwith thosedetermined
earlier at the backgroundsites [24] and Vilnius city
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Fig. 3. Changesin sumof concentrationsof eachPOPgroupin theatmosphericair atdifferentsamplingsites.
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Table1. Rangesandaveragesof POPconcentrationsin theatmosphericair (ngm¡ 3)
at thesamplingsites(5 samplingperiodsfor eachsite,STDmeansstandarddeviation,

DL is detectionlimit).

POPs Minimum Maximum Average STD Variance,%

PAHs
Naphthalene 1.71 48.7 13.2 11.6 88.0
Acenaphththylene 0.04 3.26 0.78 0.95 120.8
Acenaphthene 0.11 2.42 0.58 0.61 104.8
Fluorene 0.32 21.3 3.46 5.15 148.9
Phenanthrene 1.07 43.4 9.73 10.6 108.9
Anthracene 0.02 4.86 0.43 1.02 235.7
Fluoranthene 0.41 12.6 2.27 2.62 115.4
Pyrene 0.22 4.16 1.28 0.93 72.8
Benz(a)anthracene 0.00 0.09 0.03 0.02 75.9
Chrysene 0.00 0.48 0.08 0.10 122.8
Benzo(b)�uoranthene 0.01 0.09 0.04 0.02 45.6
Benzo(k)�uoranthene 0.01 0.05 0.02 0.01 47.9
Benzo(a)pyrene 0.01 0.05 0.03 0.01 40.5
Indeno(1,2,3,c,d)pyrene < DL 0.05 0.03 0.01 50.0
Dibenz(a,h)anthracene < DL < DL < DL < DL –
Benzo(g,h,i)perylene 0.00 0.10 0.06 0.02 34.2
Sumof PAHs 6.4 127.8 32.1 30.6 95.3

PCBs
PCB28 0.008 0.265 0.039 0.054 138.7
PCB52 0.006 0.087 0.027 0.019 70.6
PCB101 < DL 0.036 0.016 0.009 66.6
PCB118 < DL 0.024 0.013 0.006 48.0
PCB153 < DL 0.022 0.010 0.006 62.0
PCB138 < DL 0.013 0.006 0.003 42.3
PCB180 < DL 0.029 0.006 0.007 101.1
Sumof PCBs 0.017 0.440 0.100 0.090 81.7

HCHs
®-HCH 0.011 0.203 0.077 0.044 57.3
¯ -HCH < DL 0.042 0.022 0.011 49.6
° -HCH 0.027 0.147 0.071 0.029 41.3
±-HCH < DL < DL < DL < DL –
Sumof HCHs 0.088 0.310 0.166 0.060 36.2

DDTs
o,p'-DDE < DL 0.013 0.012 0.002 13.1
p,p'-DDE 0.006 0.151 0.034 0.036 103.3
o,p'-DDD < DL 0.027 0.013 0.012 91.7
p,p'-DDD 0.000 0.039 0.010 0.012 118.8
o,p'-DDT < DL 0.065 0.022 0.024 109.4
p,p'-DDT < DL 0.083 0.023 0.027 117.8
Sumof DDTs 0.006 0.360 0.063 0.090 144.3

or its suburb aswell [25]. It may be explainedby the
possibility of passive samplersto adsorbmorevapour
thanparticulatephasePOPs.However, theconcentra-
tions determinedfor particulatePAHs were in the in-
terval of monthly concentrationsearlierdeterminedat
thesesites.Long-terminvestigationof benzo(a)pyrene
showed that its monthly concentrationin the atmo-
sphericair variedfrom 0.02to 1.72ngm¡ 3 with high
frequency of daily concentrationsof 0.02–0.50ngm¡ 3

at thePreilabackgroundstationin warmseason(May–

September)and from 0.18 to 3.30 ngm¡ 3 with high
frequency of 0.20–1.00ngm¡ 3 daily concentrationin
coldseason(October–April) during1980–2002[26].

The highestconcentrationsof PCBswereobtained
at thebackgroundsitesin springtime(March–Aprilpe-
riod), while at urbansites,Vilnius city andits suburb
Aukštieji Paneriai, they were higher in summertime.
Theanalysisof synopticsituationshows thatin thepe-
riod from 25 Marchto 19 April theterritory of Lithua-
nia wasunderthein�uence of pollutedSW air masses
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Table2. Rangesandaveragesof POPconcentrationsin soil (ngg¡ 1) at all
samplingsites(STDmeansstandarddeviation,DL is detectionlimit).

POPs Minimum Maximum Average STD Variance,%

PAHs
Naphthalene 1.6 10.4 5.2 3.2 61.9
Acenaphththylene 0.3 3.8 1.2 1.5 123.2
Acenaphthene 0.2 1.8 0.6 0.7 108.4
Fluorene 0.3 3.0 1.2 1.0 83.5
Phenanthrene 3.5 49.5 16.0 22.3 138.8
Anthracene 0.2 9.0 2.4 3.7 156.5
Fluoranthene 3.5 70.0 20.6 27.8 135.3
Pyrene 2.4 61.3 17.9 24.5 136.8
Benz(a)anthracene 0.9 38.4 10.7 15.7 146.1
Chrysene 1.9 40.3 11.9 16.0 134.4
Benzo(b)�uoranthene 2.4 74.2 21.1 29.9 142.0
Benzo(k)�uoranthene 1.3 22.3 7.1 8.6 121.1
Benzo(a)pyrene 2.1 49.8 14.7 19.9 134.9
Indeno(1,2,3,c,d)pyrene 2.9 44.8 14.8 17.0 115.2
Dibenz(a,h)anthracene 0.2 5.2 1.5 2.1 136.4
Benzo(g,h,i)perylene 2.4 45.5 13.9 17.8 127.9
Sumof PAHs 29.5 529.3 158.5 209.1 131.9

PCBs
PCB28 < DL 0.20 0.15 0.07 47.1
PCB52 0.10 0.50 0.20 0.17 86.6
PCB101 0.10 2.60 0.68 1.08 158.2
PCB118 0.10 1.50 0.46 0.61 131.9
PCB153 0.20 9.40 2.20 4.03 183.1
PCB138 0.10 4.30 1.04 1.82 175.4
PCB180 0.10 5.50 1.60 2.61 162.8
Sumof PCBs 0.60 24.0 5.94 10.1 170.3

HCHs
®-HCH 0.10 0.50 0.32 0.16 51.4
¯ -HCH 0.10 0.30 0.24 0.09 37.3
° -HCH 0.10 0.40 0.27 0.15 63.2
±-HCH < DL < DL < DL < DL –
Sumof HCHs 0.40 1.10 0.80 0.29 36.4

DDTs
o,p'-DDE < DL < DL < DL < DL –
p,p'-DDE 0.20 2.40 0.76 0.92 121.5
o,p'-DDD < DL 0.80 0.45 0.49 110.0
p,p'-DDD 0.10 3.60 0.80 1.57 195.7
o,p'-DDT < DL < DL < DL < DL –
p,p'-DDT < DL < DL < DL < DL –
Sumof DDTs 0.30 7.70 1.92 3.23 168.5

from industrialregionsof Europe[27], while at theur-
bansitesthe local sourcesweredominatingandcon-
centrationsof PCBsmight increasewith anincreaseof
ambienttemperature.The increaseof PCBconcentra-
tions with an increaseof ambienttemperaturein the
majority of PCB studieswasobserved earlier [9,28].
Furthermore,the level of concentrationincreasedgo-
ing fromPCBswith higherdegreeof chlorination(PCB
180) to PCB congenerswith lower degreeof chlori-
nation (PCB 28) which can be relatedto increasing
volatility of thesepollutants.Thelowestconcentrations

of PCBsat urbansitesweredeterminedin cold period
of March–April, while the highestconcentrationsof
PCBswith largeamountof PCB28 weremeasuredat
highestambienttemperature(averagetemperaturevar-
ied from 19.2to 20.6±C at differentsamplingsites)at
all samplingsitesduring 13 June– 11 July. The sum
of concentrationsof PCB 28, 52, 101, 118, 153, 138,
and 180 congenersvaried between0.017 ngm¡ 3 in
Rūgšteliškisand0.155ngm¡ 3 in Preilawith thehigh-
estvalueof 0.440ngm¡ 3 in Vilnius suburb. Concen-
trationsof PCBsat backgroundLithuaniansiteswere
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Fig. 4. Variationof concentrationsof variousPOPsin soil at differentsites.

similarto thosedeterminedin UK, Wraymiresruralsite
(from 12 to 230pgm¡ 3) in 1972–1992[29].

Thecourseof concentrationsof differentHCH iso-
merswassimilar at all samplingsiteswith highercon-
centrationsfrom mid-April to August. Concentration
of ° -HCH (the main componentof lindane)wasvery
similar to the ®-HCH pattern,but sometimesit was
lower because° -HCH maybe transformedto ®-HCH
dueto photochemicalreactionsin the atmosphere[7].
In our study the sum of HCH concentrationsvaried
from 0.088ngm¡ 3 in Plateliaito 0.310ngm¡ 3 in Vil-
nius.Thehighestsumof HCHsconcentrationswasob-
servedfrom May to Junewith a decreasein Augustat
all samplingsites. The level of ®-HCH concentration
wasrelatively uniform at the backgroundsites,while
its level in Vilnius city wasdifferent.

Relatively highconcentrationsof DDTs,from 0.122
to 0.307ngm¡ 3, weredeterminedin Vilnius city, but
they rangedfrom 0.006 to 0.048ngm¡ 3 at the rural
sites. Thehighestconcentrationsof pesticides(HCHs
and DDTs) were observed in the period of their us-
age(April–June)andin theperiodof highatmospheric
temperatureduring13 June– 11 July. Thelowestpol-
lution by pesticideswas determinedat Plateliai and
Rūgšteliškisintegratedmonitoringstations.Wide dis-
tributionof pesticidesmaybeexplainedby their inten-
sive applicationon local andglobal scalesin the past
anddispersionof thesecompoundsover longdistances
through the atmospheredue to their relatively high
volatility. As a resultof their persistence,organochlo-
rine residueswerefoundin theair andprecipitationaf-
ter somedecades[8,9].

Distribution of different POPsin the soil depends
on their depositionprocesseswhich are highly con-
trolled by the physico-chemicalpropertiesof com-

pounds (physical state, solubility, etc.) in the at-
mosphericair andmeteorologicalconditions(ambient
temperature,precipitation,etc.) [30]. Depositionof
someheavier PCBsandhighmolecularweightPAHs is
primarily causedby their insolubility. It wasfoundthat
dry depositionof PAHs was larger thanthat of PCBs
[14]. Particle depositionseemsto be the major path-
way of PAHs from the atmosphereto the groundsur-
face,while the largestdepositionof PCBsandHCHs,
due to their high water solubility, occursby washout
with precipitation. Furthermore,higher solubility of
° -HCH thanof ®-HCH may affect the ratio ®-HCH=
° -HCH in soil andair samplesaswell.

In our study, 5 combinedsamplesof soil wereanal-
ysedfor the samePOPsas in the atmosphericair of
thesamplingsites.Concentrationsof 16 PAHs ranged
from 29.5 to 99.1 ngg¡ 1 at rural sitesand with the
highestvalueof 529.3ngg¡ 1 in thesoil of Vilnius city
(Table2 andFig. 4). Contraryto the atmosphericair,
phenantrene,�uoranthene, and pyrene togetherwith
other high molecular weight particulatePAHs (5–6
rings)weredominatingin soil. Thedominanceof par-
ticulate PAHs in the soil indicatesthat exchangeof
gaseousPAHs betweentheatmosphereandsoil seems
to be insigni�cant. High concentrationsof PAHs in
comparisonwith other POPsshow that hydrophobic
POPscompoundsmainlytendto accumulatein thesur-
facelayerof soil.

The sum of PCB concentrationsin the soil varied
from 0.6 to 2.1 ngg¡ 1 at backgroundsiteswith the
highestvalue of 24.0 ngg¡ 1 at the site in the cen-
tre of Vilnius city. The concentrationsof PCBsde-
terminedduring this investigation were several times
lower than thosedeterminedin England,rangingbe-
tween10 and670¹ g kg¡ 1 (median30 ¹ g kg¡ 1) [11].
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Theconcentrationsof HCHsandDDTs werefoundto
be low anduniform in thesoil of all rural areas,while
concentrationsof DDTs were exclusively elevatedin
the soil of Vilnius investigation site. The concentra-
tion of pesticidesin Vilnius city wasdeterminedto be
1.0ngg¡ 1 and7.7ngg¡ 1 for HCHsandDDTs,respec-
tively. It is evidentthattheconcentrationsof all inves-
tigatedPOPsin thesoil wereby anorderof magnitude
higherin theurbansoil. Furthermore,a relatively low
variationof datashowedthatmoreuniform concentra-
tionsof all POPsweredeterminedfor HCHsat all in-
vestigatedsites,which indicatedstability of pollution
sourcescomparedwith otherPOPs.Thedatapresented
in Figs. 3 and4 showed a direct relationshipof POP
distribution betweensoil andtheatmosphericair at all
samplingsites.Consequently, theatmosphericair and
soil werethecleanestat rural samplingsites(Plateliai,
Rūgšteliškis,andPreila),excepttheperiodof March–
April whenthe in�uence of heatingseasonon the in-
creaseof PAH concentrationlevel in the atmospheric
air at thePreilabackgroundstationwasevident.

4. Conclusions

Thesumof PAH, PCB,HCH, andDDT concentra-
tionsat5 samplingsitesin Lithuaniavariedin therange
of 6.4–127.8ngm¡ 3, 0.017–0.440ngm¡ 3, 0.088–
0.310ngm¡ 3, and 0.006–0.360ngm¡ 3 in the atmo-
sphericair andin therangeof 29.5–529.3ngg¡ 1, 0.6–
24.0ngg¡ 1, 0.4–1.1ngg¡ 1, and0.3–7.7ngg¡ 1 in the
soil, respectively. A direct relationshipbetweenPOP
level in the atmosphericair and soil at all sampling
siteswasdetermined.PAH concentrationsdominated
over the otherPOPgroupsin the atmosphericair and
soil aswell. The highestconcentrationsalmostof all
POPcompoundsweredeterminedin the atmospheric
air and soil in Vilnius city at the site with intensive
traf�c andcommercialactivity. Theconcentrationsof
PCBs,especiallyof their lower congeners(PCB 28),
in theatmosphericair werehigherin summertimedur-
ing the period of higher ambienttemperature.Con-
trarytootherPOPgroups,concentrationsof PAHs indi-
catedadecreasingtrendfrom springmonthsto theend
of summertime.Comparisonof the concentrationsof
benzo(a)pyrenedeterminedby usingpassive samplers
and low volume air �ltration showed that concentra-
tionsof this particulatePAH werelower but they were
in the interval of monthlyvariationdeterminedearlier
at thePreilabackgroundstationby usingthemethodof
low volumeair �ltration.
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PATVARŪSORGANINIAI TERŠALAI LIETUV OJE: TARŠOSORE IR DIRVOJE �IVERTINIMAS

A. Milukait �ea, J.Klánováb, I. Holoubekb, I. Rimšelyt�ea, K. Kvietkusa

a Fizikosinstitutas,Vilnius, Lietuva
b Masaryko Universitetas,Brno, �Cekija

Santrauka

Patvari �u organini �u teršal�u (POT), tametarpepoliciklini �u aro-
matini �u angliavandenili�u (PAA), polichlorbifenil �u (PCB) ir pesti-
cid �u (heksachlorcikloheksan�u (HCH), dichlordifeniltrichlormetil-
metan�u (DDT)), tyrimai atlikti 2006 m. kovo–rugpj̄u�cio m�ene-
siaisatmosferosore ir dirvoje penkioseLietuvos vietov�ese. POT
atmosferosore tirti panaudojantpasyviussorbentus,kurie pasta-
ruojumetuyrapla�ciai taikomi atmosferosu�terštumotyrimamsre-
gioniniu ir globaliu mastu. Tyrim �u rezultataiparod�e, kad 16-kos
PAA jungini �u, 7-i �u PCB, 4-i �u HCH ir 6-i �u DDT sumin�es kon-
centracijosoreLietuvosteritorijojekito 6,4–127,8ngm¡ 3 , 0,017–
0,440ngm¡ 3 , 0,088–0,310ngm¡ 3 , 0,006–0,360ngm¡ 3 ribose,o
dirvoje 29,5–529,3ngg¡ 1 , 0,6–24,0ngg¡ 1 , 0,4–1,1ngg¡ 1 , 0,3–
7,7 ngg¡ 1 ribose. Nustatytatiesiogin�e priklausomyb�e tarp kon-
centracij�u POT atmosferosore ir dirvoje. Tarp tirt �u POT grupi �u

policiklini �u aromatini�u angliavandenili�u koncentracijosbuvo di-
d�iausiosir atmosferosore,ir dirvoje. Beveik vis �u POT did�iausios
koncentracijosbuvo Vilniaus mieste,o ma�iausios– Rūgšteliškio
steb�esenosstotyje. Polichlorbifenil�u, ypatingai PCB28,koncent-
racijos buvo didesn�es vasar�a, esantaukštesneioro temperat̄urai.
Skirtingai nuo kit �u POT, policiklini �u aromatini�u angliavandenili�u
koncentracijaorema��ejonuošildymosezonoiki vasarosprad�ios.
Vidutin�esbenz(a)pirenokoncentracijosatmosferosorevert�es,nu-
statytosnaudojantpasyviussorbentus,buvo ma�esn�esu� j �u viduti-
nesvertes,nustatytasimantoro bandiniusma�u �ltracijos grei�ciu.
Tai rodo,kadpasyvi�u sorbent�u metodaslabiautinka nustatantdu-
jines negu aerozolinesPOT koncentracijas.Tokie platausspektro
patvari �u organini �u teršal�u tyrimai gamtin�esaplinkossanduoseLie-
tuvojeatlikti pirm �akart �a.


