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1. INTRODUCTION

The unique physicochemical properties of total gaseous mercury (TGM: primarily in its
elemental form, Hgo ), characterized by strong stability, and long atmospheric residence time
of approximately 1 yr, permit analysis of its temporal distribution patterns to be a potential
indicator of air-quality change and associated source processes (Schroeder and Munthe 1998).
In fact, large differences in concentration levels of Hg exist in many countries depending on
their level of development and approaches to air quality management. In many Western
countries, where significant efforts have been made in air quality control, the presence of
moderately low Hg concentration values around 2.0 ng m 3−  can readily be observed, even in
locations adjacent to major metropolitan areas, Perch River area in New York, USA (Ames et
al. 1998) or at certain source processes; for example, a coal-fired power station in Harwell, UK
(Lee et al. 1998). This trend, however, contrasts sharply with what is observed in some Asian
countries.

As many studies conducted on the Asian continent have focused on rapid urbanization,
these differences in observed Hg concentration levels appear to be highly significant.  For
example, the presence of unusually high Hg concentrations, levels above 10 ng m 3−  have
been observed in a number of urban locations in China with relatively high frequency (Tan et
al. 2000; Liu et al. 2002). In studies by Liu et al. 2002, the Hg values determined from eight
different locations within Beijing City were highly variable depending on type of land-use and
the temporal scale (seasonal and/or diurnal). Other Asian countries have also shared the pres-
ence of unusually high Hg data during different periods, such as Japan in the early 80s
(Nakagawa 1995) and Korea in the late 80s (Kim and Kim 2000). Hence, the results of those
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studies confirm unique aspects of mercury’s geochemical behavior on the Asian continent,
especially in terms of its relationship with anthropogenic processes. In light of complexities
involved in the Hg distribution patterns across the Asian countries, the signature of different
Hg source processes is discussed in terms of its relationship with spatial and/or temporal
variability.

2. RESULTS AND DISCUSSION

In Table 1, the results of many studies conducted in a number of important locations in
Asia are tabulated. As Liu et al. (2002) measured temporal and spatial variabilities of Hg from
eight different sites in Beijing city, their results may be used as a good reference point to
contrast the effects of different anthropogenic or natural source processes under varying envi-
ronmental settings. In Fig. 1, the measurement data of Liu et al. are hence plotted to compare
both seasonal and diurnal distribution patterns among their selected study sites within the city
of Beijing.  To account for the relative enhancement in summertime Hg levels observed in one
urban downtown (Tiananmen Square: TS) and one suburban industrial station (Shijingshan:
SS), Liu et al. pointed out surface temperature as the controlling mechanism of Hg levels; this
is important because the evaporation of surface-bound Hg can be accelerated with increasing

Table 1a. A statistical summary of the mean concentrations of atmospheric Hg
determined from a number of monitoring sites located in the East Asian
countries.

* For detailed information of superscripts, refer to reference numbers provided in
Table 1b.

** Except for reference 18, the mean values for each individual area in China
were derived by summing up various mean values representing either daytime
or nighttime for each season.
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Table 1b. Source information for the Hg data provided in Table 1a. All the
reference nos. are identical to those given in Table 1a.

* For data provided by Liu et al., all information is given as number of days.
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temperature. However, based on the findings of enhanced Hg concentrations in the downtown
area (TS) relative to the industrial area (SS), they suggested that anthropogenic processes were
more prominent in the downtown area. To support their assertion, they quoted the results from
a few urban areas in Asia wherein similar seasonal patterns were monitored: Seoul, Korea
(Shon et al. 1993), and three urban sites in Tokyo/Sagami Bay, Japan (Nakagawa 1995). Tem-
perature effect alone may have been important enough to explain the temporal patterns of Hg
at those Beijing sites. This type of approach, however, is too simple to explain seasonal distri-
bution patterns of Hg in urban areas, for there is a broad spectrum of anthropogenic processes.

It is in fact noted that a considerably different pattern exists simultaneously in a residen-
tial area of Beijing. Although these authors did not provide the full explanations for the differ-
ent temporal patterns in the Xuanwu (XW) area, its results contrast sharply with those of the
two other areas. The pattern at the XW site is characterized by the presence of an excessively
high mean concentration recorded during a winter nighttime period (34.9 ng m 3− ); the site
clearly exhibited relative enhancement during winter as apposed to summer, and nighttime as

Fig. 1. Comparison of Hg concentrations determined from eight different loca-
tions of Beijing city, China (Liu et al. 2002).  Results are plotted to com-
pare changes across both seasonal (summer vs. winter) and diurnal scale
(day vs. night).  Error bars represent relative standard deviation.  Actual
names for each study site compared in this Figure are as follows:
Tiananmen Square (TS), Xuanwu (XW), Shijingshan (SS), Research
Center 1 (RC1), Research Center 2 (RC2), Atmospheric Research Insti-
tute (AR), Changping (CP), and Huairou County (HC).
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apposed to daytime levels.  Although air pollution can be promoted under such meteorological
conditions as winter and nighttime, the observed patterns in the residential area of Beijing are
undoubtedly indicative of unusually strong anthropogenic source processes. It is striking to
find that the patterns observed in the residential area of XW in Beijing are exceptionally com-
patible with what were seen in Seoul during the late 80s.

The previous studies of Kim and Kim (2000) offer some insights into the influences of
anthropogenic processes on the distribution characteristics of TGM. They conducted a de-
tailed analysis of the Hg data collected from several locations in Seoul during the late 80s,
when the consumption of coal (e.g., anthracite) peaked. This research was continued further in
the late 90s by reinvestigating the Hg levels at some of the previous study sites in Seoul (Kim
and Kim 2002). A series of comparative analyses made over a decade demonstrated tight
relationships between the Hg levels and anthracite consumption patterns. It was thus con-
cluded that the presence of exceptionally high Hg concentrations, those above 20 ng m 3−

should be an indicator of such strong source processes. The temporal patterns of Hg distribu-
tion under the influence of those source processes were in fact systematic enough to distin-
guish between seasons and between concentration ranges, as those exceptional values were
observed most intensively during winter with the highest seasonal mean.  The patterns, however,
were reversed completely after excluding those exceptional, upper-bound concentration data
so that spring (and summer) recorded the highest seasonal mean. Unlike the results seen in
those previous years, there are many indications that the present temporal patterns in Seoul (in
the late 90s) have changed significantly due possibly to diversification of source processes
(Kim and Kim 2002). It should be addressed that the present time Hg, approximately 5 ng m 3−

while being significantly lower than those levels observed in the late 80s (> 10 ng m 3− ),
exhibits indistinguishable differences in its seasonal mean values. Hence, one may expect that
the effects of source processes, even anthropogenic ones, can vary through time.

It is well known that chlor-alkali plants belonged to the predominant anthropogenic source
of Hg emissions in many industrial countries prior to 1970s (Schroeder and Munthe 1998).
However, relative dominance of anthropogenic sources changed very rapidly with the imple-
mentation of various regulating controls. Along with changes in fuel consumption patterns,
various man-made activities are pointed out to be important sources of Hg in urban air. For
instance, it was reported that the gaseous Hgo  emissions from municipal solid waste (MSW)
incinerators were one of the important sources of Hg (Sakata and Marumoto 2002); they found
that such a Hg source could account for the dominant fraction of particulate Hg levels
occurring in the Tokyo metropolitan area. The significance of a series of metal handling pro-
cesses (such as refining, smelting, etc) has also been reported (Nriagu and Pacyna 1988).

Considering that the urbanization and industrialization of China are progressing rapidly
along with notable increases in coal consumption (Xiao et al. 1998), the simple explanation of
Liu et al. (such as the temperature effect) may not be sufficient in explaining the observed
differences in urban areas of various characteristics.  A line of evidence including an excep-
tionally wide range of the mean concentrations such as from 2.5 (winter nighttime in a rural
area) to 34.9 ng m 3−  (winter nighttime in a residential area) and diverse features of temporal
variability in the city of Beijing suggests the possibility that the source processes of Hg in the
urban areas of Asia are extremely diverse.



TAO, Vol. 15, No. 2, June 2004266

Acknowledgements   This research was supported by a Korean Science and Engineering
Foundation (KOSEF) Grant (R02-2002-000-00055-0).

REFERENCES

Ames, M., G. Gullu, and I. Olmez, 1998: Atmospheric mercury in the vapor phase, and in fine
and coarse particulate matter at Perch river, New York. Atmos. Environ., 32, 865-872.

Kim, K.-H., and M.-Y. Kim, 1996: Preliminary measurements of atmospheric mercury in
mountainous regions of  Korea. J. Environ. Sci. Health, A31, 2023-2032.

Kim, K. -H., and M. -Y. Kim, 2000: The effects of anthropogenic sources on temporal distri-
bution characteristics of total gaseous mercury in Korea. Atmos. Environ., 34, 3337-
3347.

Kim, K.-H., and M.-Y. Kim, 2001a: The temporal distribution characteristics of total gaseous
mercury from an urban monitoring site in Seoul during 1999 to 2000. Atmos. Environ.,
35, 4253-4263.

Kim, K.-H., and M.-Y. Kim, 2001b: Distribution characteristics of atmospheric mercury from
two monitoring stations: inside and outside of Seoul metropolitan city, Korea.
J. Korean Earth Sci. Soc., 22, 223-236.

Kim, M.-Y., and K.-H. Kim, 2001c: Regional distribution characteristics of total gaseous
mercury in air - measurements from urban and mountainous sites in Korea. J. Korean
Soc. Atmos. Environ., 17, 39-50.

Kim, K. -H., and M. -Y. Kim, 2002: A decadal shift in total gaseous mercury concentration
levels in Seoul, Korea: changes between the late 1980s and the late 1990s. Atmos.
Environ., 36, 663-675.

Kim, K. -H., M. Y. Kim, J. Kim, and G. Lee, 2003: Effects of changes in environmental
conditions on atmospheric mercury exchange: Comparative analysis from a rice paddy
field during the two spring periods of 2001 and 2002. J. Geophys. Res., 108, 4607, doi:
10.1029/2003JD003375.

Lee, D. S., G. J. Dollard, and S. Pepler, 1998: Gas-phase mercury in the atmosphere of the
United Kingdom. Atmos. Environ., 32, 855-864.

Liu, S., F. Nadim, C. Perkins, R. J. Carley, G. E. Hoag, Y. Lin, and L. Chen, 2002: Atmo-
spheric mercury monitoring survey in Beijing, China. Chemosphere, 48, 97-107.

Nakagawa, R., 1995: Studies on the levels in atmospheric concentrations of mercury in Japan.
Chemosphere, 31, 2669-2676.

Nakagawa, R., and M. Hiromoto, 1997: Geographical distribution and background levels of
total mercury in air in Japan and neighbouring countries. Chemosphere, 34, 801-806.

Nriagu, J. O., and J. M. Pacyna, 1988: Quantitative assessment of worldwide contamination
of air, water and soils by trace metals. Nature, 333, 134-139.

Sakata, M., and K. Marumoto, 2002: Formation of atmospheric particulate mercury in the
Tokyo metropolitan area. Atmos. Environ., 36, 239-246.



Ki-Hyun Kim 267

Schroeder, W. H., and J. Munthe, 1998: Atmospheric mercury-an overview. Atmos. Environ.,
32, 809-822.

Shon, D. H., W. T. Jung, and D. Kim, 1993: Distribution of total mercury in the ambient
atmosphere of Seoul and its diurnal, monthly and altitudinal variations. Jpn. J. Toxicol.
Environ. Health, 39, 582-588.

Tan, H., J. L. He, L. Liang, S. Lazoff, J. Sommer, Z. F. Xiao, and O. Lindqvist, 2000: Atmo-
spheric mercury deposition in Guizhou, China. Sci. Total Environ., 259, 223-230.

Xiao, Z. F., J. Sommar, O. Lindqvist, H. Tan, and J. L. He, 1998: Atmospheric mercury
deposition on Fanjing Mountain Nature Reserve, Guizhou, China. Chemosphere, 36,
2191-2200.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [841.890 595.276]
>> setpagedevice


