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Abstract Monitoring of zinc in total suspended particu-
late matter (TSPM) started in Zagreb, Croatia in 1972 at
two measuring sites, located in the city centre and in the
northern part of the city. Monitoring of zinc concentrations
in PM| started in the northern part of the city in 2003. The
obtained data show a decreasing trend of zinc in TSPM.
Over the past 3 years, the measurement of zinc in PM;,
particles has been performed, and the obtained data, in
comparison to zinc in TSPM, have shown that 82%—-93%
of zinc was in the small PM,, particles.

Keywords Heavy metals - City areas - Total suspended
particulate matter - PM;

In nature, zinc occurs only rarely in its metallic state and
the vast majority of environmental samples contain the
element only in the form of zinc compounds.

Zinc levels of 0.01-0.30 ug m™~> are given for back-
ground concentrations and up to 1.00 ug m—> for urban
and industrial areas. Zinc concentrations of 0.0003-0.027
ng m > were found over the Atlantic Ocean, <0.0004-0.3
pg m > in European urban areas (WHO 2001). Deposition
of airborne zinc is strongly dependent on particle size and
meteorological factors, primarily wind speed and humidity.
Wet deposition predominates with estimated values for
zinc removal from air of 60%—-90%.

The transport and distribution of atmospheric zinc vary
according to the size of particles and the properties of the
zinc compounds concerned. Zinc adsorbed on particles
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with low densities and diameters can be transported over
long distances (WHO 2001).

Materials and Methods

The monitoring of zinc concentrations in total suspended
particulate matter (TSPM) started in Zagreb in 1972 at two
measuring sites located in a densely populated area in the
city center, and in a sparsely populated housing area in the
northern part of the city. Zinc monitoring in PM, particles
started in the northern part of the city in 2003. The location
of measuring sites is shown in Fig. 1.

Twenty-four-hour mass concentration samples of total
suspended particulate matter were collected on membrane
filters of about 200 m” of air, while PM 10 samples were also
collected on membrane filters of about 100 m* of air.

Mass concentrations of total suspended particulate matter
and PM,, samples were determined gravimetrically. Detec-
tion limit values were 2.0 pug m > for total suspended par-
ticulate matter and 1.0 pg m~> for PM,, (Hrsak et al. 2000).

Mass concentration of zinc in total suspended particulate
matter and in PM,, samples was determined by atomic
absorption spectrophotometry (AAS). The detection limit
for Zn was 0.0005 pg m > (Christian and Feldman 1970).

Until the end of 2005, air quality in Croatia was assessed
by comparing annual means with recommended (RV) and
limit (LV) values stipulated by the national Air Protection
Act of 1995 (Air Protection Act 1995) and the Ordinance
on Recommended and Limit Air Quality Values (Ordi-
nance 1996). The 1995 Air Protection Act defines three
categories of air quality:

Ist category — clean air (the concentration levels of air
pollution are below RV)
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Fig. 1 Location of measuring sites

2nd category — moderately polluted air (the concentra-
tion levels of air pollution are over RV and below LV)
3rd category — polluted air (the concentration levels of
air pollution are over LV)

It also defines RV and LV in total suspended particulate
matter for Pb, Mn and Cd, but not for Zn and the catego-
rization of Zagreb air with the respect to the levels of zinc
can not be provided.

The new Air Protection Act (Air Protection Act 2004)
and the new Ordinance on Limit Values of Pollutants in the
Air (Regulation 2005) have started with the enforcement in
2006. Croatian regulations are in agreement with the
European standards.

Following the European Council Directives, the 2005
Ordinance on Limit Values of Pollutants in the Air gives
limit values (LV) for PM;( and for metals Pb, Mn, Cd, As
and Ni in PM,, and the “margin of tolerance”, that is, the
percentage of the limit value by which this value may be
exceeded. Limit values for zinc are not given.

Results and Discussion

Figure 2 shows the trends of annual values for zinc in total
suspended particulate matter in Zagreb air measured at two
sites located in the city center (densely populated area) and
in the northern part of the city (sparsely populated housing
area) for the period 1972-2005. The annual mean con-
centrations of zinc in total suspended particulate matter
ranged between 0.045 and 0.45 pg m~ during the mea-
suring period.

A strong decreasing trend can be observed from 1972 to
1978 in the city centre. During that period coal for heating
in the city centre was replaced by gas. A light decreasing
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Fig. 2 Trends of annual values for zinc in total suspended particulate
matter in Zagreb

trend can be observed from 1978 until now in the city
centre and for the whole measuring period in the northern
part of the city.

Figure 3 shows daily concentrations of zinc in total
suspended particulate matter in 1976 and 2004, measured
in the northern part of the city. These data show a signif-
icant decrease in 24-hour mass concentrations of zinc in
total suspended particulate matter in 2004 in comparison
with the 1976 measurements.

Table 1 shows annual mean values and the range of zinc
concentrations in total suspended particulate matter and in
PM,j in the northern part of the city for 2003-2005.

The obtained data show that 82% of zinc was in small
PM; particles in 2005, 86% of zinc was in PM;q in 2003
and as much as 93% in 2004. These data are in agreement
with conclusions in literature that zinc in the atmosphere is
primarily bound to aerosol particles.

Figure 4 shows daily concentrations of zinc in total
suspended particulate matter and in PM,y at the same
measuring site in 2004. The size of particle is determined
by the source of zinc emission. A major proportion of zinc
released from industrial processes is adsorbed on particles
that are small enough to be in the respirable range (PM;g)
(WHO 2001). From Fig. 4 it can be seen that the daily
variations of zinc concentrations in total suspended par-
ticulate matter and in PM;q in 2004 are similar.

Zinc is essential element in the environment and there
are few literature reports about the levels of zinc in the air.
The toxicity of zinc will depend on environmental condi-
tions and habitat types, thus any risk assessment of the
potential effects of zinc on organisms must take into
account local environmental conditions.

The essential nature of zinc, its relatively low toxicity in
humans, and the limited sources of human exposure sug-
gest that normal, healthy individuals not exposed to zinc in
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Fig. 3 Daily concentrations of zinc in total suspended particulate
matter in 1976 and 2004 measured in the northern part of the city

Table 1 Annual mean values and range of zinc concentrations
(ng m~>) in TSPM and in PM, for the period 2003-2005

Year Zn in TSPM Zn in PM;o

C Range C Range
2003 0.093 0.012-0.713 0.080 0.011-0.199
2004 0.057 0-0.560 0.053 0-0.505
2005 0.045 0.004-0.176 0.037 0.005-0.194

C Annual mean values

the workplace are at potentially greater risk from the
adverse effects associated with zinc deficiency than from
those associated with normal environmental exposure to
zinc.

Natural background zinc concentrations usually go up to
0.3 pg m~> in the air. Increased levels can be attributed to
anthropogenic sources.

Air zinc levels in Belgium have also shown a decreasing
trend. In 1980-1990, they were 0.15-0.38 pg m ™" in rural
areas and small towns, 0.14-0.21 pg m™ in large cities,
and 0.50-1.27 ug m™ in industrial areas. By 1992-1993
they fell to 0.07-0.10, 0.1-0.17 and 0.39-1.02 pg m_3,
respectively (Cleven et al. 1993).

In the Netherlands, yearly average zinc levels in the air
varied between 0.06 and 0.08 pg m—> in 1990. By 1992,
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Fig. 4 Daily variations of zinc concentrations in total suspended
particulate matter and in PM; in 2004 are similar

the averages decreased to 0.043-0.057 pg m > (Cleven
et al. 1993; European Commission 2008).

In Zagreb, the capital of Croatia, with about one million
inhabitants, air zinc levels in total suspended particulate
matter were 045 pgm > in the city centre and
0.24 ug m™ in the northern part of the city at the begin-
ning of monitoring in the 1970s.

In 2005, annual mean values were 0.050 g m~> in the
city centre and 0.045 g m ™ in the northern part of the
city.

Annual mean values of zinc in PM;, particles ranged
from 0.08 pg m—> in 2003 to 0.037 pg m™> in 2005.

Zinc monitoring in total suspended particulate matter in
Zagreb showed that its concentrations were not high and
kept within the natural background concentrations of total
zinc. The obtained data showed a decreasing trend for zinc
in total suspended particulate matter. According to the Air
Protection Act (2004) the monitoring of TSPM finished in
2005.

The obtained data of zinc measurements in PM;,
respirable range particles, 2003-2005, in comparison with
zinc in total suspended particulate matter, showed that
82%-93% of zinc was in the small PM,, particles. Moni-
toring of zinc in PM,, particles is ongoing.



Bull Environ Contam Toxicol (2010) 85:628-631

631

References

Air Protection Act (1995) 48/1995 p 1452 (in Croatian). Available via
http://narodne-novine.nn.hr/clanci/sluzbeni/1995_07_48_992.html.
Accessed 3 Sep 2010

Air Protection Act (2004) 178/2004 pp 3082-3105. Available via
http://www.mzopu.hr/default.aspx?id=7258. Accessed 3 Sep
2010

Christian GD, Feldman FJ (1970) Atomic absorption spectroscopy.
Willey, New York

Cleven RFMJ, Janus JA, Annema JA, SIiff W (1993) Integrated criteria
document zinc. National Institute of Public Health and Environ-
mental Protection. Available via http://rivm.openrepository.com/
rivm/handle/10029/10297. Accessed 3 Sep 2010

European Commission EUR 21169 EN (2008) Risk assessment report:
zinc metal, vol 42. In: Munn SJ, Allanou R, Aschberger K,
Berthault F, de Bruijn J, Musset C, O’Connor S, Pakalin S,

Paya-Perez A, Pellegrini G, Scheer S, Schwarz-Schulz B, Vegro S
(eds) Office for Official Publications of the European Communi-
ties, Luxembourg. Available via http://ecb.jrc.ec.europa.eu/
documents/Existing-Chemicals/RISK_ASSESSMENT/REPORT/
zincmetalreport072.pdf. Accessed 3 Sep 2010

Hrsak J, §ega K, Balagovi¢ T (2000) Lead, manganese and cadmium
content in PM10 and PM2.5 particle fractions—a pilot study.
Arh Hig Rada Toksikol 51:243-247

Ordinance on Recommended and Limit Air Quality Values (1996) 101/
1996 pp 4198-4200 (in Croatian). Available via http://narodne-
novine.nn.hr/clanci/sluzbeni/1996_11_101_1971.html. Accessed
3 Sep 2010

Regulation on Limit Values of Pollutants in the air (2005) 133/2005
pp 2467-2476. Available via http://www.mzopu.hr/default.aspx?
1d=7258. Accessed 3 Sep 2010

WHO (2001) Environmental Health Criteria 221: “Zinc”. WHO,
Geneva

@ Springer


http://narodne-novine.nn.hr/clanci/sluzbeni/1995_07_48_992.html
http://www.mzopu.hr/default.aspx?id=7258
http://rivm.openrepository.com/rivm/handle/10029/10297
http://rivm.openrepository.com/rivm/handle/10029/10297
http://ecb.jrc.ec.europa.eu/documents/Existing-Chemicals/RISK_ASSESSMENT/REPORT/zincmetalreport072.pdf
http://ecb.jrc.ec.europa.eu/documents/Existing-Chemicals/RISK_ASSESSMENT/REPORT/zincmetalreport072.pdf
http://ecb.jrc.ec.europa.eu/documents/Existing-Chemicals/RISK_ASSESSMENT/REPORT/zincmetalreport072.pdf
http://narodne-novine.nn.hr/clanci/sluzbeni/1996_11_101_1971.html
http://narodne-novine.nn.hr/clanci/sluzbeni/1996_11_101_1971.html
http://www.mzopu.hr/default.aspx?id=7258
http://www.mzopu.hr/default.aspx?id=7258

	Zinc Levels in Suspended Particulate Matter in Zagreb Air
	Abstract
	Materials and Methods
	Results and Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


