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 Blue Iris Environmental, Inc. 
 Memorandum 
 
November 5, 2006 
 
TO: Jana Murphy, Flambeau Mining Company 
 
FR: Bill West, Blue Iris Environmental, Inc. 
 
RE: Report on Activities Associated with 2006 Fish Sampling 

Flambeau River, Ladysmith, Wisconsin 
 
 
Introduction 
 
On September 12 and 13, 2006, representatives of EA Associates, Deerfield, Illinois and Blue 
Iris Environmental, Inc., electroshocked two impoundments on the Flambeau River located 
above and below the former Flambeau Mining Site. These impoundments included the flowage 
above the Ladysmith Dam, Ladysmith, Wisconsin (upstream sample location) and above the 
Thornapple Dam (downstream location). The purpose of this activity was to conduct metals 
analysis of fish (walleye) tissue at specified sites above and below the mining outfall. In addition 
to tissue analysis, captured fish were aged, sexed, lengths recorded, and stomach contents 
evaluated. Relative abundance of all fish encountered was also recorded for each flowage. 
 
 
Methods 
 
Acceptable sampling methods for fish collection include hook and line, electrofishing, and fyke 
netting. Consistent with previous years during active mining, electrofishing was used for the 
collection of walleye and, walleye in the following size ranges were targeted for collection: 
 
C  10 to 12 inches - one fish 
C  12 to 15 inches - two fish 
C  15 to 18 inches - three fish 
C  18 to 22 inches - two fish 
C  > 22 inches - one fish 
 
Electrofishing was conducted on the Thornapple Flowage on September 12, 2006 and on the 
Ladysmith Flowage on September 13, 2006. Approximately 25-30% of the workable shoreline 
of the Thornapple Flowage was sampled (3.8 hours of energized time). Weather conditions at the 
initiation of the collection period included a partly cloudy sky with a temperature in the lower 
40s (oF). Initial water conditions included a temperature of 17.9 oC, dissolved oxygen of 8.2 
mg/L, and conductivity of 118 umhos/cm (all measurements taken near the boat ramp prior to 



sampling). 
 
Approximately 30-35% of the workable shoreline of the Ladysmith Flowage was sampled (4.5 
hours of energized time). Weather conditions included clear skies, fairly calm, and air 
temperature in the low 40s (oF). Initial water conditions included a temperature of 9.9 oC, 
dissolved oxygen of 10.2 mg/L, and conductivity of 102 umhos/cm (all measurements taken at 
the boat ramp prior to sampling). 
 
During each of the collection efforts, observed fish species were recorded. As in previous years, 
fish in the largest walleye size class were not obtained from the Ladysmith Flowage. Therefore, 
in the Ladysmith Flowage, fish collected in the next lower size class were substituted for the 
largest size.  In 2006 all fish of the intended size were obtained from the Thornapple Flowage. 
    
Walleye which met the criteria for length were set aside in tubs of ice water for further 
processing. Walleye were measured for length, filleted, and certain organs were extracted for 
analysis. Scales of each walleye were extracted for aging and on the largest walleye as were 
dorsal spines. 
 
Paired walleye fillets were bagged separately for analysis. The livers from each of the nine 
walleye from a single flowage were composited into a single sample for analysis. Individual 
walleye stomachs were extracted and preserved in formalin, the contents of which were analyzed 
on an individual basis. Walleye fillets and livers once processed were placed on ice for transport 
to Northern Lake Service, Crandon, Wisconsin, for analysis. Walleye stomachs were retained by 
Blue Iris Environmental, Inc. for analysis. 
 
Results and Discussion 
 
The physical data of the walleye collected for analysis is provided in Table 1. Total species of 
fish observed and their relative abundance are provided in Table 2. An analysis of the stomach 
contents of the walleye is provided in Table 3. Analytical results of fish tissue and liver are 
provided in Tables 4 and 5 respectively. A copy of the analytical results relative to this report is 
provided in Appendix 1. 
 
Data which is provided in Tables 1 through 5 is consistent with the data which was obtained in 
previous years.  
 
A review of the historical information (data from 1991 to 2005) suggests that relative values for 
copper in walleye liver from the Thornapple Flowage and from the Ladysmith Flowage are 
consistent. Moreover, it is observed that year-to-year increases and decreases in concentrations 
of copper in the liver of walleye are comparable from the upstream flowage to the downstream 
flowage.  Since 1996 copper levels in both upstream and downstream samples have remained 
stable if not decreasing. 
 
Mercury levels in fish tissue have decreased since 1991 in both upstream and downstream 
samples.  It is noted that beginning in about 1997 there is an increase in the number of values 
reported that fell between the level of quantitation (LOQ) and level of detection (LOD) and that 



the frequency of such data becomes more common through 2005.  This occurrence is due to the 
use of more sophisticated mercury testing and greater emphasis on the use of low level mercury 
techniques in the lab. Values for 2006 reflect the lower level testing. 
 
Based on review of the data, it is concluded that the operation of the mine, including the time 
window when reclamation and habitat restoration activities are being conducted, has had no 
impact on the concentrations of metals which are observed in the liver or tissue of walleye. 
 
 
 
  



Table 1 
 
 Physical Data of Walleye 
 Flambeau River, Ladysmith, Wisconsin 
 September 2006 
 
 

ID No. 
 

Length (mm) 
 

Weight (g) 
 

Sex 
 

Age 
 

Thornapple Flowage 
 

WE-TA-01 302 240 F 2 
 

WE-TA-02 333 305 F 3 
 

WE-TA-03 380 450 F 3 
 

WE-TA-04 380 460 M 3 
 

WE-TA-05 412 635 F 4 
 

WE-TA-06 415 580 F 4 
 

WE-TA-07 433 870 F 4 
 

WE-TA-08 551 1670 F 7 
 

WE-TA-09 568 1740 F 7 
 

Ladysmith Flowage 
 

WE-LS-01 277 140 U* 2 
 

WE-LS-02 343 360 M 3 
 

WE-LS-03 352 390 F 3 
 

WE-LS-04 382 475 F 3 
 

WE-LS-05 415 620 M 4 
 

WE-LS-06 431 700 M 5 
 

WE-LS-07 433 680 F 5 
 

WE-LS-08 457 845 F 5 
 

WE-LS-09 510 1410 F 6 

*U=unsexed, M=male, F=female         Prepared by: WMW 
Checked by: BJW 



 Table 2 
 
 Fish Species Observed 
 Flambeau River, Ladysmith, Wisconsin 
 September 2006 
 

 
 

Relative Abundance Species 
Thornapple Flowage Ladysmith Flowage 

Northern pike A P 
Muskellunge C C 
Golden shiner A C 
White sucker P C 
Silver redhorse A C 
Golden redhorse P -- 
Shorthead redhorse -- P 
Burbot C -- 
Rock bass A C 
Pumpkinseed sunfish C P 
Smallmouth bass A A 
Black crappie C -- 
Yellow perch C A 
Logperch -- C 
Walleye C A 
Yellow bullhead P P 

 
 
A = abundant 

 C = common 
 P = present 
 --- = not observed in that particular flowage



 Table 3 
 
 Stomach Analysis of Walleye 
 Flambeau River, Ladysmith, Wisconsin 
 September 2006 
 
  
 
   

Thornapple Flowage 
 

Sample ID 
 
Percent Full 

 
Type of Content 

 
General Comment 

 
WE-TA-01 50 1 minnow; 2.54 cm Mostly digested 

 
WE-TA-02 Empty None None 

 
WE-TA-03 Empty None None 

 
WE-TA-04 Empty None None 

 
WE-TA-05 100 1 minnow;  7.62 cm Partially digested 

 
WE-TA-06 100 1 minnow (bullhead);  7.8 cm Partially digested 

 
WE-TA-07 5 Digested minnow Not discernable  

 
WE-TA-08 100 2 minnow (bullhead);  6.4 and 10 cm Partially digested 

 
WE-TA-09 80 1 minnow (bullhead);  6.4 cm Partially digested 

  
Ladysmith Flowage 

 
WE-LS-01 Empty None None 

 
WE-LS-02 Empty None None 

 
WE-LS-03 Empty None None 

 
WE-LS-04 5 Digested minnow Partially digested 

 
WE-LS-05 Empty None None 

 
WE-LS-06 Empty None None 

 
WE-LS-07 100 Perch 10 cm Partially digested 

 
WE-LS-08 Empty None None 

 
WE-LS-09 80% 1 minnow (digested); 5.8 cm Mostly digested 

  



Table 4 
Fish Tissue Analysis 

Flambeau River, Ladysmith, Wisconsin 
Mercury 1991 - 2006 (mg/kg) 

 
 

  
Year 

 
 

Fish ID No.  
1991 

 
1992 

 
1993 

 
1994 

 
1995 

 
1996 

 
1997 

 
1998 

 
1999 

 
2000 2005 2006  

Thornapple Flowage  
WE-TA-01 

 
0.09 

 
0.78 

 
0.40 

 
0.10 

 
0.08 

 
0.12 

 
0.16 

 
<0.24> 

 
<0.054 

 
<0.14> <0.083> <0.068> 

 
WE-TA-02 

 
1.00 

 
0.55 

 
0.40 

 
0.18 

 
0.10 

 
0.09 

 
0.13 

 
<0.13> 

 
<0.074> 

 
<0.18> <0.083> <0.095> 

 
WE-TA-03 

 
0.60 

 
0.59 

 
0.20 

 
0.19 

 
0.09 

 
0.19 

 
0.15 

 
<0.24> 

 
0.22 

 
<0.19> <0.083> <0.075> 

 
WE-TA-04 

 
0.80 

 
0.52 

 
0.48 

 
0.21 

 
0.13 

 
0.13 

 
0.66 

 
<0.24> 

 
<0.12> 

 
<0.10 <0.15> 0.13 

 
WE-TA-05 

 
0.40 

 
0.68 

 
0.39 

 
0.37 

 
0.12 

 
0.16 

 
<0.072> 

 
<0.20> 

 
<0.11> 

 
<0.16> <0.14> <0.091> 

 
WE-TA-06 

 
0.70 

 
0.76 

 
0.33 

 
0.88 

 
0.12 

 
0.19 

 
0.14 

 
0.29 

 
0.37 

 
<0.19> <0.15> 0.11 

 
WE-TA-07 

 
0.60 

 
0.44 

 
1.10 

 
0.59 

 
0.14 

 
0.35 

 
0.14 

 
<0.19> 

 
<0.11> 

 
<0.19> <0.22> 0.11 

 
WE-TA-08 

 
0.80 

 
0.47 

 
0.63 

 
0.29 

 
0.13 

 
0.23 

 
0.14 

 
<0.20> 

 
<0.040> 

 
<0.12> <0.22> 0.20 

 
WE-TA-09 

 
0.60 

 
0.38 

 
0.91 

 
0.32 

 
0.13 

 
0.19 

 
0.52 

 
<0.22> 

 
<0.14> 

 
0.51 <0.21> 0.33 

 
Average 

Concentration 
 

0.71 
 
0.57 

 
0.54 

 
0.35 

 
0.12 

 
0.17 

 
0.20 

 
0.22 

 
0.14 

 
0.20 <0.22 <0.17 

 
Data appearing in brackets (< >) were observed in concentrations between the level of detection (LOD)  Prepared by: WMW 
and the level of quantitation (LOQ)       Checked by: BJW 
Data for Thornapple fish samples have lab ID#s 418013 through 418021.  
 
 
 



Table 4 (cont.) 
Fish Tissue Analysis 

Flambeau River, Ladysmith, Wisconsin 
Mercury 1991 - 2006 (mg/kg) 

 
   

Year 
 

 
Fish ID No. 

 
1991 

 
1992 

 
1993 

 
1994 

 
1995

 
1996

 
1997 

 
1998 

 
1999 

 
2000 2005 2006  

Ladysmith Flowage  
WE-LS-01 

 
0.90 

 
0.99 

 
0.68 

 
0.35 

 
0.19

 
0.17 

 
<0.079>

 
<0.20> 

 
<0.046> 

 
0.94 <0.10> * 

WE-LS-02 
 

0.80 
 
0.94 

 
0.67 

 
0.45 

 
0.12

 
0.23 

 
0.25 

 
0.27 

 
0.13 

 
<0.27> 0.34 0.27 

WE-LS-03 
 

0.80 
 
0.79 

 
0.55 

 
0.31 

 
0.18

 
0.44 

 
0.34 

 
<0.19> 

 
<0.066> 

 
<0.16> <0.19> 0.18 

WE-LS-04 
 

0.70 
 
0.85 

 
0.44 

 
0.25 

 
0.16

 
0.27 

 
0.16 

 
0.27 

 
0.20 

 
<0.10> 0.39 0.19 

WE-LS-05 
 

0.90 
 
0.81 

 
0.81 

 
0.53 

 
0.15

 
0.30 

 
0.12 

 
0.29 

 
0.15 

 
<0.18> <0.21> 0.31 

WE-LS-06 
 

0.60 
 
0.91 

 
0.66 

 
0.35 

 
0.15

 
0.50 

 
0.34 

 
0.34 

 
0.18 

 
<0.27> 0.29 0.37 

WE-LS-07 
 

0.80 
 
0.82 

 
0.71 

 
0.25 

 
0.29

 
0.40 

 
0.32 

 
0.33 

 
0.19 

 
<0.25> <0.22> 0.26 

WE-LS-08 
 

0.60 
 
0.96 

 
0.76 

 
0.18 

 
0.25

 
0.38 

 
0.22 

 
0.31 

 
<0.14> 

 
<0.27> 0.29 0.26 

WE-LS-09 
 

0.60 
 
0.55 

 
0.77 

 
0.31 

 
0.29

 
0.38 

 
0.26 

 
0.50 

 
<0.10> 

 
<0.27> 0.41 0.26 

 
Average 

Concentration 
 

0.67 
 
0.84 

 
0.67 

 
0.33 

 
0.20

 
0.34 

 
0.20 

 
0.30 

 
0.13 

 
0.30 0.27 0.26 

 
Data appearing in brackets (< >) were observed in concentrations between the level of detection (LOD)  Prepared by: WMW 
and the level of quantitation (LOQ)       Checked by: BJW 
*Sample lost in lab during prep 
Data for Ladysmith fish samples have lab ID#s 418003 through 418011 



 Table 5 
 
 Metals Analysis of Walleye Liver 
 Flambeau River, Ladysmith, Wisconsin 
 1991 - 2006 (mg/kg) 
 
 
Sample ID 

 
Cd 

 
Cr 

 
Cu 

 
Ni 

 
Pb 

 
Zn 

 
Al 

 
Hg 

 
As 

 
Se 

 
Ag 

 
Fe 

 
Mn 

 
Thornapple Flowage 
 
WE-TA-1-9 1991 

 
0.1 

 
0.2 

 
1.5 

 
0.4 

 
1.3 

 
17 

 
1.1 

 
0.3 

 
0.02 

 
0.51 

 
0.2 

 
73 

 
1.5 

 
WE-TA-1-9 1992 

 
<0.1 

 
<0.1 

 
1.6 

 
<0.2 

 
<0.1 

 
33 

 
15 

 
0.2 

 
<0.04 

 
0.6 

 
<0.1 

 
96 

 
1.6 

 
WE-TA-1-9 1993 

 
0.10 

 
<0.10 

 
4.3 

 
<0.2 

 
<0.05 

 
21 

 
1.6 

 
0.45 

 
<0.09 

 
0.70 

 
0.03 

 
110 

 
1.6 

 
WE-TA-1-9 1994 

 
<0.27 

 
<0.63 

 
1.2 

 
<0.72 

 
<3.9 

 
16 

 
7.9 

 
0.12 

 
<1.3 

 
<1.3 

 
<0.45 

 
140 

 
1.4 

 
WE-TA-1-9 1995 

 
<0.9 

 
<1.2 

 
3.6 

 
0.34 

 
<1.1 

 
14 

 
1.8 

 
0.07 

 
<0.60 

 
<0.65 

 
<0.30 

 
99 

 
1.6 

 
WE-TA-1-9 1996 

 
0.10 

 
0.31 

 
45(40*) 

 
0.64 

 
<1.1 

 
29 

 
2.3 

 
<0.01 

 
<0.26 

 
0.97 

 
<0.29 

 
72 

 
1.1 

 
WE-TA-1-9 1997 

 
<0.21> 

 
<0.45

> 

 
45(43*) 

 
<0.77 

 
<1.3 

 
30 

 
1.9 

 
0.13 

 
<0.86 

 
<1.2> 

 
<0.48

> 

 
110 

 
1.3 

 
WE-TA-1-9 1998 

 
<0.15> 

 
<0.20

> 

 
33 

 
<0.27

> 

 
<0.80 

 
21 

 
1.3 

 
<0.15> 

 
<0.27 

 
<0.40

> 

 
<0.040 

 
75 

 
1.1 

 
WE-TA-1-9 1999 

 
0.20 

 
<0.11 

 
46 

 
0.69 

 
<0.74 

 
28 

 
5.0 

 
<0.047> 

 
<0.30 

 
<0.62

> 

 
<0.13

> 

 
110 

 
1.4 

 
WE-TA-1-9 2000 

 
0.21 

 
<0.14 

 
48 

 
<0.54

> 

 
<1.3 

 
30 

 
<0.90> 

 
0.36 

 
<0.37 

 
<0.34

> 

 
<0.11

> 

 
130 

 
2.0 

 
WE-TA-1-9 2005 <0.30> 

 
<0.20 

 
51 

 
<0.47 

 
<2.2 

 
31 

 
<2.8 

 
<0.10> 

 
<0.49 

 
<0.57 

 
<0.19 

 
160 

 
2.1 

 
WE-TA-1-9 2006 <0.16 <0.33 31 <0.48 <2.9 31 <1.3 0.12 <0.28 <0.68 <0.21 140 1.7 
 
Data for Thornapple fish liver sample has a lab ID# 418022



Table 5 (cont.) 
 
 Metals Analysis of Walleye Liver 
 Flambeau River, Ladysmith, Wisconsin 
 1991 - 2006 (mg/kg) 
 
 
Sample ID 

 
Cd 

 
Cr 

 
Cu 

 
Ni 

 
Pb 

 
Zn 

 
Al 

 
Hg 

 
As 

 
Se 

 
Ag 

 
Fe 

 
Mn 

 
Ladysmith Flowage 
 
WE-LS-1-9 1991 

 
0.1 

 
0.3 

 
6.0 

 
0.5 

 
1.2 

 
18 

 
2.9 

 
0.3 

 
0.02 

 
0.48 

 
0.2 

 
67 

 
1.4 

 
WE-LS-1-9 1992 

 
0.2 

 
0.2 

 
9.6 

 
<0.2 

 
<0.1 

 
37 

 
14 

 
0.4 

 
<0.05 

 
0.6 

 
<0.1 

 
59 

 
2.0 

 
WE-LS-1-9 1993 

 
0.19 

 
<0.08 

 
17 

 
0.17 

 
<0.04 

 
22 

 
1.6 

 
0.28 

 
<0.09 

 
0.64 

 
0.07 

 
63 

 
1.3 

 
WE-LS-1-9 1994 

 
0.32 

 
<0.58 

 
3.1 

 
<0.67 

 
<3.7 

 
19 

 
4.0 

 
0.19 

 
<1.4 

 
<1.4 

 
<0.42 

 
76 

 
1.6 

 
WE-LS-1-9 1995 

 
<0.10 

 
<0.13 

 
13 

 
0.47 

 
<1.2 

 
18 

 
1.5 

 
0.26 

 
<0.54 

 
1.2 

 
<0.33 

 
56 

 
1.3 

 
WE-LS-1-9 1996 

 
0.18 

 
0.30 

 
26(45*) 

 
0.96 

 
<1.3 

 
22 

 
2.2 

 
0.22 

 
<0.27 

 
0.76 

 
<0.34 

 
68 

 
1.3 

 
WE-LS-1-9 1997 

 
0.48 

 
<0.46

> 

 
33(33*) 

 
<0.33

> 

 
<1.1 

 
27 

 
5.2 

 
0.22 

 
<0.90 

 
<1.0 

 
<0.41 

 
90 

 
1.8 

 
WE-LS-1-9 1998 

 
0.37 

 
<0.14

> 

 
29 

 
<0.42

> 

 
<0.92

> 

 
18 

 
2.4 

 
<0.24> 

 
<0.23 

 
<0.38

> 

 
<0.034 

 
54 

 
1.8 

 
WE-LS-1-9 1999 

 
0.23 

 
<0.23

> 

 
25 

 
<0.43

> 

 
<0.75 

 
23 

 
4.5 

 
0.11 

 
<0.31 

 
<0.75

> 

 
<0.037 

 
79 

 
2.1 

 
WE-LS-1-9 2000 

 
0.20 

 
<0.14 

 
32 

 
<0.61

> 

 
<1.3 

 
25 

 
<0.59> 

 
<0.23> 

 
<0.37 

 
<0.30 

 
<0.10

> 

 
92 

 
1.7 

 
WE-LS-1-9 2005 

 
0.55 

 
<0.22 

 
28 

 
<0.52 

 
<2.4 

 
27 

 
<3.1 

 
<0.14> 

 
<0.53 

 
<0.62 

 
<0.22 

 
96 

 
2.2 

 
WE-LS-1-9 2006 <0.14 <0.30 9.6 <0.43 <2.6 19 <1.2 0.22 <0.3 <0.71 <0.19 65 1.5 
 
Data for Ladysmith fish liver sample has a lab ID# 418012          Prepared by: WMW 
Data in appearing brackets (< >) were observed in concentrations between the level of detection (LOD) and level of quantitation (LOQ)     Checked by: BJW 
 
*Values in parentheses were derived from re-digestion and re-run of laboratory analytical process and which are believed to be representative of the copper concentrations present in the walleye liver.  




