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Introduction 

 

Eggs from female sea lamprey (Petromyzon marinus) captured during the summer of 2014 from 
rivers in the 1842 ceded territory of Wisconsin and Michigan were analyzed for total mercury 
(Hg) content at the University of Wisconsin-Superior’s Lake Superior Research Institute (LSRI).  
Twenty-four egg samples were collected from female sea lamprey, which were collected from 
three rivers: Misery River, Bad River, and Middle River, and delivered to LSRI for mercury 
analysis.  
 

Methods  
 

Adult, parasitic phase sea lamprey (approximately 5-10 years old) returning to spawning 

tributaries of Lake Superior were captured by trained GLIFWC staff using portable assessment 

traps.  At the time of capture the sex of each lamprey was determined (egg expression in females 

or presence of swollen dorsal ridge in males) and its total length measured.  Lamprey were 

assigned a unique number (i.e. a fish identification number) and placed in a Ziploc freezer bag 

labeled with the fish identification number.  The samples were frozen within 4 hours of capture. 

At the GLIFWC laboratory, females were thawed and eggs were harvested through an incision 

made along the ventral surface from the gill slits to the anus. The egg samples were labeled with 

the same unique identification number as the adult they were harvested from and were sealed in 

Ziploc snack bags within a second Ziploc bag. Sea lamprey egg samples and associated chain-of-

custody forms were transferred to the GLIFWC laboratory freezers until they were delivered to 

LSRI on September 4, 2014.  

 

Processing and analysis of sea lamprey eggs was not covered under any existing Quality 

Assurance Project Plan (QAPP), but proceeded with only minor modifications of the QAPP 

entitled Great Lakes Indian Fish and Wildlife Commission Mercury Testing and Updating 

Tribal-Walleye Consumption Advice approved in June 2011.  Deviations to the protocols 

outlined in the QAPP were implementation of an alternate grinding procedure (SOP SA/38 v.2) 

due to the fact that the egg sample was homogenized (rather than a fillet) and the fact that an 

LSRI QA audit was not performed.  An LSRI QA audit was recently performed during the 

testing of the GLIFWC walleye, northern pike, and musky samples on August 11 and 12, 2014.  

That QA report was provided to GLIFWC as an appendix to the report entitled ‘Total Mercury 

Concentrations in Muscle Tissue from Walleye, Northern Pike, and Muskellunge Collected from 

Inland Lakes during Spring 2014’ and dated October 31, 2014. 

 

Before processing the sea lamprey egg samples, all glassware, utensils, and blenders were 

cleaned according to the appropriate methods (LSRI SOP SA/8 v.7).  The egg samples to be 

processed were removed from the freezer just prior to processing so that they remained frozen. 

The samples were further frozen with liquid nitrogen (LSRI SOP SA/38 v.2). The sample was 

then placed into the blender and was ground into a fine powder.  A sub-sample of the processed 

tissue was placed into a certified clean glass vial and stored in a freezer until mercury analysis 

was conducted.  After each lamprey egg sample was processed, the blender cup was 

disassembled and washed according to the blender cleaning procedure (SOP SA/8 v.7).  

 

Commercial canned tuna fish (Thunnus sp.) was used as a procedural blank for this project.  This 



procedural blank consisted of one aliquot from a can of tuna that was transferred into a sample 

bottle after the packing liquid was removed and the tuna was mixed thoroughly to produce a 

homogeneous sample.  The second portion was ground in the same manner as the lamprey egg 

samples.  This check was made to ensure that no contamination or loss of mercury was occurring 

during the processing. One procedural blank was prepared during this project. It was prepared on 

the same day that the lamprey eggs were processed. 

  

Lamprey eggs were weighed for mercury analysis following standard laboratory procedure (SOP 

SA/11 v.7).  Mercury solutions for making tissue spikes and preparing analytical standards were 

prepared following the procedures in SOP SA/42 v.2. Selected samples were spiked with 500 µL 

of 500 µg/L mercury sub-stock solution.  Mercury analyses were performed using cold vapor 

mercury analysis techniques on a Perkin Elmer FIMS 100 mercury analysis system (SOP SA/49 

v.3 draft).   Sample analysis yielded triplicate absorbance readings whose mean value was used 

to calculate the concentration of each sample.  If the relative standard deviation (RSD) of the 

three measurements was greater than 5%, additional aliquots of the digested sample were 

analyzed in an attempt to obtain an RSD of less than 5%.  Mercury concentrations and quality 

assurance calculations were done in Microsoft Excel according to SOP SA/37 v.1.  The biota 

method detection limit was 0.0027 µg Hg/g for an average sample mass of 0.23 g (Appendix A).  

This limit of detection was determined using a ground tuna sample (8-2-13) containing a low 

concentration of mercury (SOP SA/35 v.1).  

 

Moisture content of tissue was calculated using the wet and dried tissue weights (SOP SA/51 

v.4).  A portion (1-5 grams) of ground tissue was placed into a dried and weighed aluminum pan 

immediately following tissue grinding.  The pan and wet tissue were immediately weighed and 

placed into an oven (60°C) and dried for approximately 24 hours. Nine of the lamprey egg 

samples analyzed for mercury had moisture content determined. One of these samples was 

analyzed in duplicate.  

 

Data Quality Assessment 
Data quality was assessed using four data quality indicators: analysis of similar fish tissues 
(Commercial canned tuna; Thunnus sp.) before and after the tissue grinding process (procedural 

blanks) to measure laboratory bias; analysis of dogfish shark (Squalus acanthias) from the 

Canadian government (certified reference material from National Research Council Canada, 

Ottawa, Ontario, Canada) that has a certified concentration of mercury to measure analytical 

accuracy; duplicate analysis of lamprey eggs from the same individual to measure analytical 

precision; and analysis of eggs with known additions of mercury to determine spike recovery 

and possible analytical interferences.  Two sets of analytical standards with known amounts of 

mercury were analyzed with the group of lamprey egg samples. The concentrations of the 

mercury standards analyzed with each set of samples were 0, 100, 500, 1000, 5000, and 10,000 

ng Hg/L.  Standards were prepared from a purchased 1000 ± 10 ppm mercury (prepared from 

mercuric nitrate) reference standard solution (Fisher Scientific, Pittsburgh, PA).  A summary 

table of the mercury calibration curve data is provided (Appendix A). 

 
Results for the quality assurance samples were considered acceptable when the value determined 

for a quality assurance sample fell within the limits established in the Quality Assurance Project 

Plan (QAPP) approved in June 2011. Results for the procedural blanks were considered 



acceptable when the relative percent difference was < 50%.  Duplicate agreement values were 

acceptable when having a relative percent difference < 25%.  The acceptable range for the daily 

mean value for the DORM standard reference material was 75 to 125% of certified value.  Prior 

to digestion, tissues from 12.5 percent of the lamprey egg samples were spiked, in duplicate, 

with a known quantity of mercury and analyzed for recovery of the spiked mercury.  Spike 

recovery was considered acceptable when the calculated daily mean recovery was 70 to 130% of 

the spike.   

 

Results of Lamprey Egg Analyses 
Quality Assurance – One tuna procedural blank was processed coincident with the processing of 

lamprey eggs collected for the project.  The procedural blank was digested with the set of 

mercury samples resulting in a 20.5 percent difference between the ground and unground 

portions of tuna (Table 1).   

 
Analysis of dogfish shark tissue DORM-4 was conducted concurrently with lamprey egg 

analysis (Table 2).  The certified mercury concentration for the dogfish tissue was 0.410 ± 

0.053 µg Hg/g.  The individual recovery values ranged from 78.7 to 92.8% with the mean and 

standard deviation of the recoveries being 87.5± 7.7 percent of the certified value.  The DORM-

4 reference sample daily mean value was within the acceptance range.   
 

Lamprey eggs were analyzed for mercury in duplicate three times.  Two portions of the same 

tissue were digested and analyzed independently.  The relative percent difference between 

duplicate analyses of the same tissue ranged from 0.7 to 8.2% with the average and standard 

deviation of the differences being 4.8 ± 3.8% (Table 3). 

 
Samples of eggs were spiked in duplicate with known concentrations of mercury prior to 

digestion.  Mean recovery for the three spiked samples was 82.7 ± 10.1 percent with the 

reported individual average recovery values ranging from 72.4 to 98.0% (Table 4).   

 
Mercury Analysis – Samples from homogenized eggs of 24 sea lamprey collected from a 

total of three rivers in Wisconsin and Michigan were analyzed for total mercury 

concentration.  Total mercury concentrations on a wet weight basis (Table 5) ranged from 

0.486 to 1.55 µg Hg/g (parts per million). 

 

Tissue Moisture Analysis – Percent moisture was measured in nine of the 24 lamprey egg 

samples. Moisture analysis took place immediately following processing. The data obtained 

through drying and weighing the samples twice indicates that drying for 24 hours was sufficient 

to remove the moisture from the samples used for moisture determination.  Lamprey egg 

samples had a mean moisture value of 61.7 ± 5.8 percent (Table 6).  Two samples were dried a 

minimum of an additional 24 hours and reweighed to ensure dryness, yielding an average 

relative percent difference of 0.0 percent. 

 

 

 



Table 1.  Relative Percent Difference of Total Mercury for Procedural Blank Sample (Before 

and After Grinding).  Data quality indicator for laboratory bias is <50% relative percent 

difference. 

Analysis Date Grinding Date 

Before 

Grinding µg 

Hg/g  

After 

Grinding µg 

Hg/g  

Mean 

µg Hg/g  

Relative 

Percent 

Difference 

11/20/2014 11/18/2014 0.057 0.070 0.064 20.5 

   
Mean ± Std. Dev. 20.5 

 

Table 2.  Mercury Concentrations of Dogfish Shark Tissue (Standard Reference Material 

DORM-4) Analyzed during Lamprey Egg Analysis.  The Standard Reference Material has a 

Certified Mercury Concentration of 0.410 ± 0.053 µg Hg/g Tissue.  Data quality indicator 

for accuracy is 75.0 to 125% agreement between the certified concentration and the daily 

mean value for the reference standard. 

Date of 

Analysis 

DORM 4-1 DORM 4-2 DORM 4-3 

Mean µg Hg/g 

% of 

Certified 

Value µg Hg/g 

% of 

Certified 

Value µg Hg/g 

% of 

Certified 

Value 

11/20/2014 0.373 90.9 0.381 92.8 0.323 78.7 87.5 

    

  Mean ± Std. Dev. 87.5 ± 7.7 

 

Table 3.  Relative Percent Difference for Duplicate Analysis of Total Mercury Content in 

Lamprey Eggs.  Data quality indicator for precision is <25% relative percent difference.  

Date of 

Analysis 

 Sample Location and 

Tag Number µg Hg/g 

Duplicate 

µg Hg/g 

Mean  

µg Hg/g 

Relative 

Percent 

Difference 

11/20/2014 Misery River MIS-07 0.914 0.965 0.940 5.4 

11/20/2014 Bad River BAD-06 1.510 1.520 1.515 0.7 

11/20/2014 Middle River MID-07 1.010 0.930 0.970 8.2 

   
Mean ± Std. Dev. 4.8 ± 3.8 

 

Table 4.  Percent of Mercury Recovered from Lamprey Eggs Spiked with a Known 

Concentration of Mercury.  Data quality indicator for accuracy is a mean spike recovery of 70 to 

130%. 

Date of 

Analysis 

 Sample Location and Tag 

Number Spike #1 Spike #2 

Mean Spike 

Recovery Std. Dev. 

11/20/2014 Misery River MIS-07 91.5 72.4 81.9 13.5 

11/20/2014 Bad River BAD-06 98.0 81.9 90.0 11.4 

11/20/2014 Middle River MID-07 74.7 77.8 76.3 2.2 

  
Mean ± Std. Dev. 82.7 ± 10.1 

 



Table 5.  Total Mercury Concentration (Wet Weight) of Eggs from Lamprey Captured 

during the Summer of 2014. 

Analysis 

Date  Sample Location 

Tag 

Number County 

Fresh 

Length 

(in) 

Female 

Mass 

(g) 

Egg 

Mass 

(g) µg Hg/g 

11/20/2014 Misery River MIS-02 Ontonagon 40.0 167.2 35.5 0.953 

11/20/2014 Misery River MIS-03 Ontonagon 40.0 173.3 50.7 0.781 

11/20/2014 Misery River MIS-04 Ontonagon 30.7 128.3 17.8 1.00 

11/20/2014 Misery River MIS-05 Ontonagon 42.0 236.3 54.9 0.763 

11/20/2014 Misery River MIS-06 Ontonagon 42.3 194.3 46.4 1.04 

11/20/2014 Misery River MIS-07 Ontonagon 45.5 234.5 55.6 0.940 

11/20/2014 Misery River MIS-09 Ontonagon 39.3 153.7 50.9 0.697 

11/20/2014 Misery River MIS-10 Ontonagon 38.3 159.9 34.3 0.748 

11/20/2014 Bad River BAD-01 Ashland 41.0 175.0 44.3 1.34 

11/20/2014 Bad River BAD-02 Ashland 39.2 130.0 21.9 0.967 

11/20/2014 Bad River BAD-03 Ashland 47.5 260.0 53.2 0.486 

11/20/2014 Bad River BAD-04 Ashland 45.0 193.0 43.1 0.700 

11/20/2014 Bad River BAD-05 Ashland 42.6 210.0 54.9 0.983 

11/20/2014 Bad River BAD-06 Ashland 42.0 199.0 51.1 1.52 

11/20/2014 Bad River BAD-07 Ashland 47.5 260.0 55.7 1.00 

11/20/2014 Bad River BAD-09 Ashland 42.5 180.0 31.9 1.11 

11/20/2014 Middle River MID-01 Douglas 38.0 157.8 29.5 0.532 

11/20/2014 Middle River MID-02 Douglas 36.5 146.8 39.9 0.883 

11/20/2014 Middle River MID-03 Douglas 35.0 114.0 39.6 0.744 

11/20/2014 Middle River MID-04 Douglas 37.0 157.7 40.4 0.745 

11/20/2014 Middle River MID-05 Douglas 39.0 178.0 38.1 1.55 

11/20/2014 Middle River MID-06 Douglas 41.5 213.8 43.9 1.33 

11/20/2014 Middle River MID-07 Douglas 40.0 184.8 39.3 0.970 

11/20/2014 Middle River MID-08 Douglas 45.0 240.7 48.2 0.830 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 6.  Percent Moisture in Lamprey Eggs (Measured Immediately after Grinding). 

Sample 

Location 

Species Tag 

Number 

 Percent 

Moisture 

Relative Percent 

Difference 

Misery River  Lamprey (Eggs) MIS-02   56.3   

Misery River  Lamprey (Eggs) MIS-03   57.7   

Misery River  Lamprey (Eggs) MIS-05   68.8   

Bad River  Lamprey (Eggs) BAD-01   62.4   

Bad River  Lamprey (Eggs) BAD-01 DUP 63.7 2.0 

Bad River  Lamprey (Eggs) BAD-02   55.9   

Bad River  Lamprey (Eggs) BAD-03   56.6   

Middle River  Lamprey (Eggs) MID-01   72.3   

Middle River  Lamprey (Eggs) MID-02   58.0   

Middle River  Lamprey (Eggs) MID-03   65.8   

  Mean ± Std. Dev. 61.7 ± 5.8  

 
 
 
 
 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

  



 
 

Appendix A 

Determination of 2014 Limit of Detection (LOD) and Limit of Quantitation (LOQ) 

using a ground tuna sample from August 2, 2013 

 

   Sample Tissue Type ng/L    ng Hg g sample ug Hg/g 

Tuna 2 August 2013 -1 ground tuna 44.3 2.22 0.233 0.010 

Tuna 2 August 2013 -2 ground tuna 44.3 2.22 0.240 0.009 

Tuna 2 August 2013 -3 ground tuna 37.3 1.86 0.231 0.008 

Tuna 2 August 2013 -4 ground tuna 40.8 2.04 0.241 0.009 

Tuna 2 August 2013 -5 ground tuna 40.8 2.04 0.225 0.009 

Tuna 2 August 2013 -6 ground tuna 40.8 2.04 0.238 0.009 

Tuna 2 August 2013 -7 ground tuna 33.8 1.69 0.247 0.007 

Tuna 2 August 2013 -8 ground tuna 33.8 1.69 0.219 0.008 

    

Mean 0.0086 

    

Std. 

Dev. 0.00092 

      2014 LOD = Std. Dev.  x  t   = 0.00092 x 2.998 =  0.0028   

2014 LOQ = 10/3 x LOD = 0.0093   

LOD=  0.00275 

    LOQ= 0.00916 

    

      June 11, 2014 Hg LOD =    0.0028 µg/g LOQ = 0.0093 µg/g 

 May 1, 2013 Hg LOD =    0.0073 µg/g LOQ = 0.0245 µg/g 

 May 31, 2012 Hg LOD = 0.0030 µg/g LOQ = 0.0099 µg/g    

2011 Hg LOD = 0.0017µg/g  LOQ = 0.0057µg/g    

2010 Hg LOD =  0.0046 µg/g LOQ = 0.0153 µg/g 

2009 Hg LOD = 0.0066 µg/g LOQ = 0.0220 µg/g 

2008 Hg LOD =  0.0126 µg/g LOQ = 0.0421 µg/g 

2007 Hg LOD =  0.0047 µg/g LOQ = 0.0157 µg/g  

2006 Hg LOD =  0.0042 µg/g LOQ =  0.0141 µg/g 

2005 Hg LOD =  0.0113 µg/g LOQ = 0.0368 µg/g 

2004 Hg LOD =  0.0013 µg/g LOQ =  0.0042 µg/g 
 

 

 

 

 

 

 

 



 

 

Appendix B 

 
Calibration Curve Data Generated during the Analysis of GLIFWC’s 2014 Lamprey 

Eggs. Indicators for Calibration Curves include a Slope of 2.0-3.0x10-5and a Coefficient of 

Determination of >0.995. 

 

Analysis 

Date 

Standard 

Conc.  ng 

Hg/L 

Blank 

Corrected 

Abs. 1 

Blank 

Corrected 

Abs. 2 

Blank 

Corrected 

Mean 

Standard 

Deviation Slope 

Y-

Intercept Corr. 

11/20/2014 0 0.0001 0.0001 0.0000 0.0000 

2.8677

E-05 0.001493 0.9999 

11/20/2014 100 0.0028 0.0034 0.0031 0.0004       

11/20/2014 500 0.0159 0.0155 0.0157 0.0003       

11/20/2014 1000 0.0352 0.0311 0.0332 0.0029       

11/20/2014 5000 0.1536 0.1369 0.1453 0.0118       

11/20/2014 10,000 0.2844 0.2912 0.2878 0.0048       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

Appendix C 
 

Standard Operating Procedures (SOPs) Used During 

Project
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