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Figure 10: Bark Topography Matrix Rankings 
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Figure 11: Duff Topography Matrix Rankings 
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12.3. Soil 

Table VI: Soil PLM Analysis Results 

Non-Fibrous 

Components (%)

Non-Asbestos 

Fibrous 

Components (%)

PLM-Grav PLM-VE

< 10,000 fibers/g < 10,000 fibers/g
Fine Fraction      

(< 1/4 inch)

Coarse Fraction   

(> 1/4 inch)

TG-SS-04 85 15 TR ND ND

TG-SS-11 75 25 TR ND ND

TG-SS-13 80 20 TR ND ND

TG-SS-17 80 20 TR ND ND

TG-SS-24 85 15 TR ND ND

TG-SS-26 80 20 TR ND ND

TG-SS-28 88 12 TR ND ND

TG-SS-31 85 15 TR ND ND

TG-SS-36 75 25 TR ND ND

TG-SS-40 80 20 TR ND ND

TG-SS-44 85 15 TR ND ND

TG-SS-46 85 15 TR ND ND

TG-SS-51 90 10 TR ND ND

TG-SS-52 88 12 TR ND ND

TG-SS-54 88 12 ND ND ND

LA Concentrations in Tubb Gulch - Libby, Montana

Soil

Sample No.

PLM-VE                                                                       

(University of Montana - Ward Lab)

Semi-Quantitative PLM results 

(EMSL Analytical Inc)

Visual Estimate 

Asbestos 

Concentration

 

 Soil composite sample results are presented in Table VI.  Since soil samples were 

analyzed by two separate PLM analyses, and not TEM, these data were not considered for 

hypothesis testing.  It is interesting to note that the soil analytical methods, UML PLM-VE, 

EMSL PLM-VE or PLM-Grav revealed substantially different results.  A TEM analysis would 

need to be used to justify positive samples for LA fibers. However, due to budgetary constraints 

soil composite samples were not analyzed by TEM. 
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13. Conclusion 

The research for this thesis was focused around evaluating (LA) concentrations from bark 

and duff composite samples. The composite samples for bark and duff were evaluated first by 

PLM analysis and 15 positive PLM samples were further analyzed by TEM . The majority 

(100%) and (93%) of duff samples analyzed by PLM revealed positive TEM concentrations for 

asbestos structures 0.5-5 microns and asbestos structures > 5 microns and , the majority (93%) 

and (60%) of bark samples analyzed by PLM revealed positive TEM concentrations for asbestos 

structures 0.5-5 microns and asbestos structures > 5 microns.  These data suggest that PLM 

analysis may be a reliable LA screening method for bark and duff samples.  However, it is 

important to note that only positive PLM samples were submitted for TEM analysis; therefore, 

the potential for false negative PLM sample results was not assessed with this research.   

Since the PLM method of identification was limited to fibers approximately 1 µm in 

diameter or thicker (Dodson & Hammar, 2011), PLM analysis becomes less accurate in being a 

primary LA detection method, but could not be tested since only positive PLM analysis 

composite samples were selected for analysis. The TEM analysis results suggest that PLM 

analysis can obtain false positives mainly in the larger LA fiber sizes (>5.0µm). The highest 

concentration of LA fibers detected from TEM analysis were in the category of 0.5-5µm. The 

quantification of false negatives could have been analyzed, but because of budgetary constraints 

only 15 positive PLM composite samples for bark and duff were sent to the lab for TEM analysis 

for validation.  

The results of this study were valuable in further characterizing the Tubb Gulch area.  All 

bark and duff composite samples revealed the presence of asbestos structures via TEM with the 

exception of one bark sample.  Based on these source media results, there is a potential for LA 
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exposure to USFS personnel or members of the public when working or recreating in the Tubb 

Gulch area.  The full extent of the LA contamination is unknown and additional sampling is 

recommended to  fully understand the total impact of contamination, not only in the Tubb Gulch 

area but in areas further from the mine and town of Libby.  

 To minimize exposure to LA, level C personal protective equipment (PPE) is 

recommended for those performing work in and around the Tubb Gulch area. Level C PPE 

consists of full body Tyvek, double gloves, boots and a full faced positive pressure respirator all 

taped to prevent an opening for LA to enter. To better understand the full extent of the inhalation 

hazard to USFS personnel or the public, activity based sampling will need to be performed. 
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Portage Samples - Bark

Reservoirs Environmental Inc Results

August 12, 2015

Reservoirs Results

Sample ID Northing Easting Mineral

Visual 

Estimate 

(%)

Non Asbestos 

Fibrous 

Components 

(%)

Non-Fibrous 

Components 

(%)

TG-BS-01 1587725.75 520261.71 ND 0 100

TG-BS-02 1586898.30 519768.12 Trem/Act TR 1 99

TG-BS-03 1587039.71 520676.30 ND 2 98

TG-BS-04 1586222.44 519733.29 Trem/Act TR TR 100

TG-BS-06 1585567.12 519701.69 ND 2 98

TG-BS-08 1584896.95 520183.46 ND 1 99

TG-BS-09 1584205.03 520269.14 Trem/Act TR 5 95

TG-BS-11 1583442.16 521496.39 Trem/Act TR 0 100

TG-BS-12 1582803.31 520764.43 ND 0 100

TG-BS-13 1582736.06 521461.09 Trem/Act TR 1 99

TG-BS-14 1582720.48 522205.38 ND 0 100

TG-BS-15 1582635.17 522734.85 ND TR 100

TG-BS-16 1582162.90 520782.13 ND 3 97

TG-BS-17 1582117.24 521426.86 Trem/Act TR TR 100

TG-BS-18 1582088.44 522069.23 ND 2 98

TG-BS-19 1582004.22 522718.14 ND 2 98

TG-BS-20 1581503.82 520759.30 ND 2 98

TG-BS-21 1581468.29 521375.04 ND 0 100

TG-BS-22 1581438.99 521983.57 ND 0 100

TG-BS-23 1581347.33 522706.33 ND 2 98

TG-BS-24 1580878.31 520562.84 Trem/Act TR TR 100

TG-BS-26 1580748.73 521935.85 Trem/Act TR TR 100

TG-BS-27 1580697.87 522642.74 ND 3 97

TG-BS-28 1580200.58 520612.38 Trem/Act TR TR 100

TG-BS-29 1580114.65 521258.52 ND TR 100

TG-BS-30 1580120.68 521946.53 ND 0 100

TG-BS-31 1580054.46 522583.80 Trem/Act TR 0 100

TG-BS-32 1580008.30 523245.47 Trem/Act TR 2 98

TG-BS-33 1579535.17 520561.97 ND 0 100

TG-BS-34 1579483.07 521245.01 ND TR 100

TG-BS-35 1579454.31 521872.37 ND 0 100

TG-BS-36 1579404.34 522552.60 Trem/Act TR 0 100

TG-BS-37 1579346.97 523185.39 Trem/Act TR TR 100

TG-BS-38 1578889.84 520538.04 ND 1 99

TG-BS-39 1578814.42 521336.64 ND 0 100

TG-BS-40 1578789.85 521831.41 Trem/Act TR 2 98

TG-BS-41 1578719.81 522517.37 ND 0 100

TG-BS-42 1578681.63 523168.20 ND 1 99

TG-BS-43 1578395.63 517853.99 Trem/Act TR 2 98

TG-BS-44 1578341.68 518498.61 Trem/Act TR 2 98

TG-BS-45 1578304.61 519133.52 Trem/Act TR 4 96

TG-BS-46 1578271.45 519814.86 Trem/Act TR TR 100

TG-BS-47 1577755.82 517847.86 ND TR 100

TG-BS-48 1577703.12 518413.74 Trem/Act TR TR 100

TG-BS-49 1577681.04 519156.91 Trem/Act TR TR 100

TG-BS-50 1577624.65 519785.02 ND 2 98

TG-BS-51 1576948.56 519165.92 Trem/Act TR TR 100

TG-BS-52 1576961.77 519746.39 Trem/Act TR 0 100

TG-BS-53 1576342.02 519015.86 ND TR 100

TG-BS-54 1576343.31 519665.32 Trem/Act TR TR 100

Results verified by Tony Ward 081115. TR:  trace, <1% Visual Estimate

PLM Results: Bark 
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PLM Results: Soil 
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