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Mercury in the Arctic

Mercury is released naturally into the environment from volcanoes
and from rock weathering. Humans release mercury during mining
operations but the biggest human source is coal burning.

Human sources are estimated to release 2000 tonnes of mercury
each year whilst natural emissions are estimated at 3000-4000 tonnes.

Mercury exists in different forms:

» elemental mercury is a solid which often oxidizes into mercury
oxide

» mercury oxide and methyl mercury (organic form) are very soluble
in water. Bacteria can transform mercury into methyl mercury

* Methyl mercury is soluble in fat (liposoluble), is extremely toxic
and will bioaccumulate and biomagnify

If methyl mercury is ingested or absorbed, it passes into the brain
and acts as a neurotoxin. It also causes abnormal foetal
development, kidney failure, liver damage and reduces coordination
and sensitivity by inhibiting enzymes that contain sulfur.
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How does mercury reach the Arctic?

Mercury is transported to the Arctic on air currents, and much more
slowly, in rivers and ocean currents. Mercury emissions are
decreasing in Europe and the US but are increasing rapidly in Asia
and much of the mercury reaching the Arctic is believed to originate
in Asia.

Typical Exam Question
Outline the properties of a pollutant that increase the likelihood
that it will become biomagnified (2).
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Reducing mercury emissions

Coal-burning is the largest anthropogenic source of mercury. In

Europe and the US several approaches have succeeded in

reducing the amount of mercury that has been emitted:

e Burning higher rank coal but with similar or lower mercury
content
Chemically cleaning the coal before combustion

e Removing mercury from combustion gases using activated
carbon or sodium tetrasulfide that turn the gaseous mercury
into a solid that can be removed by electrostatic precipitators

e Using catalysts that oxidize elemental mercury which can
then be removed by limestone flue gas desulfurisation

For the Biologists

Mercury binds to sulfur-containing groups in enzymes that are
away from the active site. This changes the tertiary structure of
the enzyme and prevents the enzyme-substrate complex forming.

Transport of mercury
Most of the mercury that is released into the air is in the form of the
element mercury. It has a residence time of 1-2 years.

Fig.1 shows how mercury could enter a freshwater lake

Fig.1 Entry of mercury into freshwater lake
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Biomagnification

Recent research suggests that, over the last 150 years, the levels of
mercury in marine animals such as polar bears, beluga, ringed seals
and birds of prey have increased enormously. This is a result of
biomagnification.

Mercury levels are increasing in humans too. Fig. 2 shows how
mercury levels in human and animal hair have increased since the

15" century.

Fig. 2 Mercury levels in human and animal hair in Greenland
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A significant proportion of Inuit women of child-bearing age from northeast Canada and Greenland have mercury levels that exceed WHO
weekly intake limits (Fig.3). Such communities still eat a traditional diet rich in freshwater fish and marine mammals that have accumulated
methyl mercury.

Fig. 3 Percentage of samples exceeding U.S. EPA and Health Canada mercury guidelines
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Source: AMAP Assessment 2002: Human Health in the Arctic. AMAP, 2004. women women

Inorganic forms of mercury are being converted into the much more toxic organic forms in seabed and lake sediments and wetlands where
oxygen levels are low.

Effect of climate change
Some factors will increases the availability of organic mercury in the Arctic whilst other factors may reduce it — scientists are trying to work
out which factors may dominate.

If the Arctic warms the ice-free period will last longer. More gaseous mercury may then be able to escape. But large amounts of mercury
are stored in sediments, glaciers and permafrost which will release mercury if they warm up and melt. As with so many other aspects of
global climate change, it is difficult to predict what the overall effect will be on mercury in the Arctic.

Practice Questions (c) Suggest reasons for each of the following:

1. The diagram shows an old mercury sulfide mine. Between 1884 (i) The low concentrations of mercury at site D (2)
and 1967 mercury sulfide was mined, crushed and heated at the (ii) Mercury concentrations at site E were higher than those
mine to extract elemental mercury. Scientists analysed mercury at site F (2).

levels in four soil samples taken from each of five sites, A-E. The 5 ()

Some communities eat fish as a staple food. Suggest why
table shows the results.

eating large predatory fish such as tuna may be more of a
health hazard than eating the same amount of smaller non-
predatory fish species (2)

(b) Suggest how the characteristics of a water body influence
the severity of a mercury pollution discharge (4)
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(a) Calculate the missing values (2). “)1s yoea Je sojdures yeador Surye Aq (q)
(b) How did the scientists try to improve the accuracy of their 80 “600C (®) I
data? (1) SQUIIYISHIBIA

Acknowledgments: This Factsheet was researched and written by Kevin Byrne. Curriculum

6}’653, Bank House, 105 King Street, Wellington, Shropshire, TF1 INU 1351-5136




<<
  /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
    /Symbol
    /ZapfDingbats
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /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 false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /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 <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


