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The technology:

EPMA (Electron Probe Micro Analysis) 
   or EMPA (Electron Micro Probe Analysis)
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 Mark Application
 Sample Collection
 Sample Preparation
 Sample Analysis
 Report Preparation
 Report Submission 

To get to the final product takes:

But I'm not sure that's all
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 Have the mark exposed
 Be fairly flat and smooth
 (Be electrically conductive)
 Be mounted systematically 

For EM Work the sample should:







Mount otoliths onto cover slips

• Glue should be a clear pool when ready
• Mount sulcus down
• Do not leave on hot plate too long to avoid bubbling



Mount cover slips onto slides

Cover slips are mounted on 
the slide with wax

Wax is used because:
• it has a lower melting  
  point than the glue
• it holds the cover slip in 
  place while grinding
• comes off easily after 
  cover slip is removed



Grind and polish otoliths

Grinding 
• 500-grit SiC paper
• 250 rpm wet grinder

Polishing
• 4000-grit SiC paper 
• 250 rpm wet grinder.



Remove cover slips from slides

• Melt the wax but not 
  the glue

• Gently push across 
  a paper towel to 
  remove excess wax 

• Allow to dry
• DO NOT touch the 
  surface of the otolith



Mount cover slips onto final slide

• DO NOT touch surface
• Blob super glue on slide
• Place cover slip in glue
• Make sure otolith is close to center of slide
• Allow to completely dry-approx. 2 hours









ICP-MS Capabilities and Hyphenated Techniques

Capabilities
• Multi-element detection
   (metals and non-metals)
• DL – down to ppt
• Fast analysis times
   (full elemental suite in ~4 min)
• Isotopic information

Hyphenated ICP-MS
• LC (liquid chromatography)
• LA (laser ablation)

photo by Karen Spaleta
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Method: mono-capillary microdiffraction
phase analysis

38

Resolution ~150 μm
Challenges: 

•Alignment of X-ray beam and camera
•Finding Z-coordinate so that X-ray beam penetrates sample

From CHEM 693 Fall 2009 lecture #7 notes





Results: 
mixed sample
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is different along 
the scan line

X-rays are perpendicular to the page



 Assumptions that marked fish act the same 
as wild fish
 “Compatible with hatchery procedures”
 “Save money in mark assessment”
 Human Error
              and probably most important
 What is the question that the interpretation of 
the mark is supposed to answer, and how 
good does the answer have to be? 

Some thoughts I've had after the 
talks on Tuesday
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Artifacts: Si-escape peak;
 Si internal fluorescence peak

Fig 5.22 Goldstein et al

There are 2 exceptions to the previous 
neat explanation of how the Si(Li) 
detector works.Si-escape peaks are 
artifacts that occur in a small % of 
cases, where the Si ka X-ray generated 
in the capture of the original X-ray 
escapes out of the detector (red in 
figure). Since this X-ray removes 1.74 
keV of energy, the signal generated 
(electron-hole pairs) by the incident X-
ray will be 1.74 keV LOW. This will 
produce a small peak on the EDS 
spectrum 1.74 keV below the 
characteristic X-ray peak. Another 
artifact is the Si internal fluorescence 
peak, which occurs if an incident X-ray 
is absorbed in the Si “dead” layer (green

region). This region is “dead” to 
production of electron-hole pairs, 
but Si ka X-rays can be produced 
here which then end up in the 
“live” part of the detector, and 
result in a small Si ka EDS peak. 

UW- Madison Geology  777
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50 µm 
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20 weeks 
40 µm
2 µm/wk

Time Resolution
6 points sample summer material

for about 3 weeks per point





A Comment:
–Until we understand how and why trace 
elements are incorporated in otoliths, we will 
be working with correlations rather than 
causality.  This may  not be a problem for 
marked otoliths where we know what we are 
putting into otoliths, but will slow the 
interpretation of natural elemental 
variability.
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