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INTRODUCTION
Fish-eating birds have been used to 
monitor organochlorine pollution  for many 
decades.  One of the species used for the 
longest span of time is the red-breasted 
merganser (Mergus serrator).  Faber and 
Hickey (1973) reported egg concentrations 
of organochlorines in a population of 
mergansers nesting on the Sister Islands 
in Green Bay in 1969.  Severe restrictions 
on use and release of these chemicals 
were imposed in the early 1970s.  White 
and Cromartie (1977) reported egg 
concentrations from the same location in 
1975 and levels had declined dramatically.  
Haseltine et al. (1981) and Heinz et al. 
(1983) studied both egg concentrations 
and reproductive success of the 
merganser population at nearby Lake 
Michigan islands in 1977 and 1978;  no 
reproductive impairment was documented, 
and concentrations continued a rapid 
decline, prompting  a follow up study in 
1990 (Heinz et al. 1994).  In 2002, we 
repeated the egg residue monitoring 
portion of these studies on two of the Lake 
Michigan islands used in the 1977/78 and 
1990 studies in order to determine if 
contamination continued to decline, and to 
ascertain whether or not the rate of decline 
was decreasing.

METHODS
Red-breasted merganser nests were located on 
the nesting islands and a single egg was 
removed from each nest.  The eggs were 
transported to the laboratory where they were 
opened and their contents placed in chemically 
clean glass jars which were then kept frozen 
until analysis.  

Chemical analysis was done at the WARF 
Institute, Madison, WI in 1969.  The 1975, 
1977/78, 1990, and 2002 analyses were all 
conducted under the Quality Assurance/Quality 
Control program of the Patuxent Analytical 
Control Facility (PACF) in Laurel, MD.  

Egg residues were reported as wet weight 
concentrations and were adjusted for moisture 
loss caused by partial incubation and 
evaporation prior to processing (Stickel et al. 
1973).  All residues were log transformed to 
normalize variances.  Unanalyzed materials 
from a subset of eggs collected in 1977/78 were 
still available for analysis in 1990 and we 
randomly selected 12 samples to compare the 
original results with those obtained using 
improved chemical methods available in 1990.  
We used 2-tailed paired t-tests to compare  
results obtained a decade apart.  There were no 
appreciable changes between the results of the 
original analyses and the reruns.   
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Long term trends
When mean log concentrations were plotted against time for 
the entire span of data, the two predominant organochlorines, 
PCBs and DDE, appeared to be declining at a decreasing rate.  
This might be the result of nearing a long term equilibrium for 
these contaminants in higher trophic level biota like 
mergansers.  On the other hand, dieldrin concentrations 
seemed to be relatively constant until a precipitous decline 
between 1990 and 2002. 

organochlorines, only toxaphene declined to non-detectable 
levels by 2002.

RESULTS
Eggs were analyzed for 22 organochlorines, but only 14 were 
present above the detection limit (0.05ppm for PCBs and 
Toxaphene, 0.01 for all others).  Of those 14, 4 were present at 
levels that might be of toxicological significance.

aGeometric Mean
bExtremes
cMeans followed by the same letter were not different 

between years  (P<0.05)

All detected organochlorines declined significantly (P<0.05) 
between 1977/78 and 2002.  Of the four major 

 1977-78 1990 2002 
PCBs 21a  (10-34) b Ac 8.5 (4.0-14) B 4.6 (1.8-13) C 
p,p’-DDE 6.5  (3.3-11) A 2.2 (1.1-3.3) B 1.4 (0.7-2.6) C 
DIELDRIN 0.82 (0.46-1.4) A 0.69 (0.35-1.4) A 0.03 (ND-0.26) B
TOXAPHENE 2.6 (1.6-3.6) A 0.71 (0.25-1.2) B ND (ND-ND) C 

 

SUMMARY
Major organochlorine 

contaminants have decreased 
>95% following restrictions on 
environmental releases in the 
1970s

The rate of decrease seems to 
be decreasing

No reproductive effects were 
detected, even when egg 
concentrations were high

Current chemical techniques 
give comparable results with 
older methods, except for 
toxaphene

Long term archival storage of 
samples does not degrade the 
repeatability of residue 
measurements

ACKNOWLEDGEMENTS
This work was funded 
by the U.S. Fish & 
Wildlife Service, On-
Refuge Investigation 
project #200230001.  
D.S. Miller and B. Ebert 
conducted the 1990 
field studies and C. 
Wilke assisted with field 
collections in 2002.  We 
thank John Netto and 
Jake Ivan for assistance 
with graphics.

Lo
g 

C
O

N
C

EN
TR

AT
IO

N

-1

-0.5

0

0.5

1

1.5

2

2.5

1960 1970 1980 1990 2000 2010

YEARS

PCBs

DDE

DIELDRIN

Linear (PCBs)

Linear (DIELDRIN)

Linear (DDE)



<<
  /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
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


