
 

PRINCE GEORGE, BC ▪ VANCOUVER, BC ▪ WHITEHORSE, YT ▪ GRANDE PRAIRIE, AB 
WWW.EDYNAMICS.COM 

 

 

 

 

PREPARED FOR: 

ACCESS CONSULTING GROUP 

3-151 INDUSTRIAL ROAD 

WHITEHORSE, YT 

YIA 2V3 

 

PREPARED BY: 

EDI ENVIRONMENTAL DYNAMICS INC. 

402 HAWKINS ST 

WHITEHORSE, YT 

YIA 1X8 

 

EDI CONTACT:  

PAT TOBLER, R.P.BIO, CPESC (867) 393-4882 

 

EDI PROJECT NO.: 07-YC-0052 

JANUARY 2008 

 

 

ELSA TAILINGS 
TERRESTRIAL EFFECTS 
ASSESSMENT – PHASE 1.  

 



ELSA TAILINGS TERRESTRIAL EFFECTS ASSESSMENT – PHASE 1. 

EDI Project #: 07-YC-0052 EDI ENVIRONMENTAL DYNAMICS INC i 

y:\yukon\projects\2007\07_yc_0052_elsa_tailings\reporting\edi_draft_elsa_jan23_08_final_mas.doc   
Printed on: 28-Jan-08 

TABLE OF CONTENTS 

 

1 INTRODUCTION....................................................................................................................................................... 1 

2 METHODS...................................................................................................................................................................3 

2.1 FIELDWORK .....................................................................................................................................................................3 

2.2 DATA ANALYSIS...............................................................................................................................................................4 

3 RESULTS AND DISCUSSION ...................................................................................................................................6 

3.1 QUALITY CONTROL.........................................................................................................................................................6 

3.2 COMPARISONS OF LICHEN SPECIES COLLECTED........................................................................................................6 

3.3 GENERAL ANALYSIS ....................................................................................................................................................6 

3.4 SPATIAL ANALYSIS.......................................................................................................................................................8 

4 CONCLUSIONS / RECOMMENDATIONS .......................................................................................................... 17 

5 REFERENCES........................................................................................................................................................... 18 

6 ACKNOWLEDGEMENTS........................................................................................................................................ 19 

 

LIST OF TABLES 

 

TABLE 1. METALS IN CLADINA MITIS TISSUE THAT WERE NOTABLY HIGHER NEAR THE ELSA TAILINGS THAN CONTROL AND 

YUKON BACKGROUND DATA. .................................................................................................................................................................7 

TABLE 2. METALS IN STEREOCAULON TOMENTOSUM TISSUE THAT WERE NOTABLY HIGHER NEAR THE ELSA TAILINGS THAN 

CONTROL AND YUKON BACKGROUND DATA. ......................................................................................................................................8 

 

LIST OF FIGURES 

FIGURE 1. OVERVIEW MAP OF THE ELSA TAILINGS ASSESSMENT STUDY AREA. ........................................................................................2 

FIGURE 2: ELSA LICHEN SAMPLE PLOT LOCATIONS, 2007..............................................................................................................................5 

FIGURE 3. ARSENIC LEVELS IN LICHENS COLLECTED DURING THE ELSA TAILINGS ASSESSMENT, 2007. ...............................................9 

FIGURE 4. ANTIMONY LEVELS IN LICHENS COLLECTED DURING THE ELSA TAILINGS ASSESSMENT, 2007......................................... 10 



ELSA TAILINGS TERRESTRIAL EFFECTS ASSESSMENT – PHASE 1. 

EDI Project #: 07-YC-0052 EDI ENVIRONMENTAL DYNAMICS INC ii 

y:\yukon\projects\2007\07_yc_0052_elsa_tailings\reporting\edi_draft_elsa_jan23_08_final_mas.doc   
Printed on: 28-Jan-08 

FIGURE 5. LEAD LEVELS IN LICHENS COLLECTED DURING THE ELSA TAILINGS ASSESSMENT, 2007................................................... 11 

FIGURE 6. SILVER LEVELS IN LICHENS COLLECTED DURING THE ELSA TAILINGS ASSESSMENT, 2007. ............................................... 12 

FIGURE 7. CADMIUM LEVELS IN LICHENS COLLECTED DURING THE ELSA TAILINGS ASSESSMENT, 2007. .......................................... 13 

FIGURE 8. COPPER LEVELS IN LICHENS COLLECTED DURING THE ELSA TAILINGS ASSESSMENT, 2007............................................... 14 

FIGURE 9. ZINC LEVELS IN LICHENS COLLECTED DURING THE ELSA TAILINGS ASSESSMENT, 2007.................................................... 15 

FIGURE 10. IRON LEVELS IN LICHENS COLLECTED DURING THE ELSA TAILINGS ASSESSMENT, 2007. ................................................ 16 

 

LIST OF APPENDICES 

APPENDIX A. COMPLETE HEAVY METAL CONCENTRATIONS (UG/G) LABORATORY RESULTS FROM CANTEST.................. 20 

APPENDIX B. COMPARISONS OF HEAVY METAL CONCENTRATIONS (UG/G) FROM REPLICATE SAMPLES OF CLADINA MITIS 

(CLMI)FROM TWO PLOTS, ELSA TAILINGS TERRESTRIAL EFFECTS ASSESSMENT. ......................................................................... 21 

APPENDIX C. COMPARISON OF HEAVY METALS (UG/G) IN CLADINA MITIS (CLMI)AND STEREOCAULON TOMENTOSUM 

(STTO) SAMPLES COLLECTED FROM THE SAME PLOT DURING THE ELSA TAILINGS ASSESSMENT. ........................................... 23 



ELSA TAILINGS TERRESTRIAL EFFECTS ASSESSMENT – PHASE 1. 

EDI Project #: 07-YC-0052 EDI ENVIRONMENTAL DYNAMICS INC. 1 

1 INTRODUCTION 

The Keno Hill / Elsa property is located approximately 350 km north of Whitehorse, YT (Figure 1) within 
the Traditional Territory of the First Nation of the NaCho Nyak Dun. The property was mined for silver 
from 1914–1989 and care and maintenance has been on-going since that time.  

In 2007, EDI Environmental Dynamics Inc. (EDI) was retained by the Access Consulting Group to 
complete phase 1 of a Terrestrial Effects Study in the vicinity of the Elsa tailings facilities. The objective of 
this phase of the study was to determine if aerial dispersion of metals has occurred and, if so, determine the 
extent of such dispersion into the natural terrestrial ecosystem surrounding the Elsa tailings facilities (Figure 
1; Photo 1). While the terrestrial ecosystem includes plants, soils and animals, this study focused on lichens. 
As lichens receive most of their nutrients from air and rainfall, they are excellent indicators of airborne 
contamination and as such represent a logical first step in detecting the potential for terrestrial effects.  

The tailings facilities cover an area of approximately 118 ha within the Flat Creek valley bottom. The tailings 
consist of three ponds in the northwest portion and a large area with ‘dry’ tailings mainly concentrated in the 
eastern half of the tailings. There are several patches of natural vegetation (mature conifer) located within 
the tailings area.  

 

 

Photo 1. View of the Elsa tailings facilities, looking northwest. 
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Figure. 1:  Overview Map – Elsa Mine Study Area 
Data Input/Drawn By: M. Power 
Checked By: P. Tobler 
Projection: NAD 1983 UTM Zone 8 
Date: 24 January 2008 
Digital Data Sources: 

Base Map Files: NTDB Canada 1:50,000 
National/International Boundaries: 1:2,000,000 
Digital Elevation Model: 
http://www.environmentyukon.gov.yk.ca/geomatics/envydata.html#dem 
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2 METHODS 

2.1 FIELDWORK 

Forty eight sample sites were established along eight transects (Figure 2). The transects radiated outwards in 
cardinal directions (N, NE, E, SE, S, SW, W, and NW) from a central location within the tailings area. The 
first plot (labeled 1) on each transect was located in natural vegetation adjacent (e.g., 5–10 m) to the tailings 
area. From there, additional plots were established at distances of 50, 150, 350, 750 and 1,250 meters from 
the first plot (labeled as plots 2-6, respectively), and their coordinates were recorded on a hand-held GPS. 
Some location adjustments were made where plots landed in disturbed areas that were unsuitable for lichen 
sampling. This pattern allowed for inspection of the contamination adjacent to the tailings area and for 
spatial analysis in many directions and distances from the tailings.  

Six additional plots were located in islands of natural vegetation within and/or in close proximity to the 
tailings pond where transect plots did not exist (labeled as T). Samples were also collected in a control area 
located 15 km to the west of the tailings facilities (Figure 2). All control plots were located at least 50 m 
away from any known disturbance (i.e. roads). In addition, the outermost plots on many transects were 
located a significant distance from disturbances thus providing some additional data for comparative 
purposes. However, some transects intercepted or were near other disturbances such as roads, buildings, 
and various exploration activity. All sampling was conducted within a 10 m radius of each plot site. 

Lichen were collected from 25–27 September 2007. Cladina mitis (Caribou moss; labeled as CLMI) was 
collected from each upland sample site location where it occurred. This lichen species not only provides an 
indication of airborne contamination, it is known to be also used by First Nations for medicinal purposes. 
In the few plots where Cladina mitis did not occur, Stereocaulon tomentosum (labeled as STTO) was collected. 
To determine if these two lichens were comparable for determining metal contamination when one or the 
other species was not located in a plot, both lichens were collected when they occurred in the same plot and 
a sub-sample of plots with both species were analyzed to determine the differences among the lichens. 

Lichens were collected using unpowdered nitrile gloves, which were replaced with new uncontaminated 
gloves for each sample collected. Several lichens (of the same species) at each location were combined into 
one sample for composite analysis. Non-lichen material was removed from the samples to ensure that only 
lichen material was analyzed. A few replicate samples were collected for quality assurance /quality control 
(QA/QC); two set of replicates (two field samples collected from the same site) were sent for analysis. All 
samples were collected (total of 711) in new zip-lock freezer bags, labeled, frozen and 62 samples were 
shipped to the lab (CANTEST) for analysis (ICP-MS). 

                                                 

1 Nine additional samples are in cold storage (frozen) and can be analyzed if needed to address questions regarding results of this 
draft report.  
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2.2 DATA ANALYSIS  

Results were analyzed to determine if metals levels were elevated (compared to Yukon background data and 
control site data) and if so, the magnitude and spatial extent of such elevation. Analysis of the results also 
included a review of the comparability of the two lichen species collected.  
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3 RESULTS AND DISCUSSION  

3.1 QUALITY CONTROL  

As a test of the collection methods, replicate samples of C. mitis were analyzed from site T7 and E5.  In 
general, most metal differences between replicate samples were within typical lab accepted levels for 
duplicate samples. Several metals for each site were in the range of 20–45.2 Relative Percent Difference 
(RPD) and chromium at E5 had a RPD of 150%, although low levels were found in both samples. The 
differences were not drastically different for replicate samples, and can be likely attributed to natural 
variability of lichens within each plot. Laboratory results including QA/QC are presented in Appendix A. 
Comparisons between the replicate samples collected at T7 and E5 are presented in Appendix B. 

 

3.2 COMPARISONS OF LICHEN SPECIES COLLECTED  

The objective in the field was to collect the same lichen species at all sample plots. However, C. mitis was 
not found at all sample plots Therefore, where C. mitis was not available, the most abundant lichen species 
found in a plot was plot – in most cases Sterecaulon tomentosum.  To determine if C. mitis and S. tomentosum 
from the same plot had similar metal levels retention levels, paired samples were collected and analyzed 
from three plots where both species were found, including one control plot (Appendix C). Interestingly, 
metal concentrations within species for the paired samples were notably different, especially from ones 
around the tailing area (Plots SE1 and S3). The RPD between the samples from the control site samples 
ranged up to ± 66.8 %. From the two plots near the tailings the RPD was up to 127.5 % and metals levels 
were consistently higher in S. tomentosum (with the exception of magnesium and phosphorus at Plot SE01). 
This may indicate that S. tomentosum may actually retain greater metals in areas were aerial contamination is 
occurring. More research is required to confirm this; however, some caution should be used when analyzing 
the data from plots where only S. tomentosum was collected (E1, S1 and S2)2.  

 

3.3 GENERAL ANALYSIS  

The lichen C. mitis was present and thus collected from almost all transect sites and all control plots. 
Comparing the C. mitis data from the transect sites to known Yukon background levels (Gamberg 2006) and 
control sites (from this study) suggests that there are several metal levels that may be elevated in C. mitis 
(Table 1). Arsenic, lead, silver and antimony were present in some samples of C. mitis collected near the 
tailings at levels that were much higher than the highest control sites and background levels recorded in the 

                                                 

2 At plots where both lichen species were collected only the results from C. mitis were considered.  
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Yukon (Gamberg 2006; this ‘control’ data does not include data from other disturbed sites in the Yukon). 
Cadmium, copper, manganese, mercury, thallium, uranium, zinc appeared to be somewhat elevated in some 
samples of C. mitis tissue collected near the tailing facilities. 

Table 1. Metals in Cladina mitis tissue that were notably higher near the Elsa tailings than control and Yukon 
background data.  

Metal  
Known Yukon range 

(ug/g) 

Elsa control site 

range (ug/g) 

Elsa tailings area 

range (ug/g) 
Comments 

Arsenic (As) 0.0818–2.5539 0.1  <0.1 to 37.4 High levels near tailings 
compared to control data.  

Antimony (Sb) 0.02–0.0109 (n=6) <0.1  <0.1 to 11.9 
High levels near tailings 

compared to control, outer 
transect sites and Yukon data. 

Lead (Pb) 0.398–6.839 0.4 to 0.7 0.6 to 447 
Very high levels near tailings 

compared to control and outer 
transect sites. 

Silver (Ag) 0.0275–0.1781 0.02 – 0.04 0.05 – 6.67 High levels near tailings 
compared to control data.  

Cadmium (Cd)  0.03–0.343 0.04 to 0.9 0.04 to 4.2 High levels near tailings 
compared to control data.  

Copper (Cu)  0.71–7.17 0.7 to 1.0 0.8 to 26.5 High levels near tailings 
compared to control data.  

Manganese (Mn) 19–382.5 36.2 - 86.7 32.8 to 724 Highest level at T1.  

Mercury (Hg) n/a <0.03 <0.03-0.032 
Three plots (T1, NE01 & 02) 
above detection limit, all near 

tailings.  

Thallium (Tl) n/a <0.02 <0.02 to 0.08 
Five plots (T1, SE01, S3, NE01 
& 02) above detection limit, all 

near tailings.  

Uranium (U) 

 
0.0039– 
0.0109 

 

< 0.04 
 

< 0.04 to 0.05 
 

Three plots (T1, NE02) above 
detection limit, all near tailings. 

Zinc (Zn) 8.6– 94 10.7 to 17.3 11.4 to 238 
Levels somewhat high near 

tailings compared to 
background Yukon data.  

 

Metal levels in S. tomentosum collected near the tailings were generally high compared to the levels collected at 
the control plot. The limited amount of data for this species limits interpretation; however, Table 2 provides 
a comparison of metal levels found in S. tomentosum. The complete laboratory results from the lichen analysis 
are presented in Appendix A.  . 
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Table 2. Metals in Stereocaulon tomentosum tissue that were notably higher near the Elsa tailings than control and 
Yukon background data.  

Metal  Elsa Control Site Level (ug/g; n=1) Elsa Tailings Area Range  

(ug/g; n=5) 

Arsenic (As) 0.2 14.1 to 47.5 
Antimony (Sb) <0.1 3.5 to 12.2 
Lead (Pb) 0.5 135 to 529 
Silver (Ag) 0.05 3.07 to 10.3 
Cadmium (Cd)  0.03 2.28 to 5.85 
Copper (Cu)  1.4 6.6 to 25.3 
Manganese (Mn) 55.8 274 to 583 
Mercury (Hg) <0.03 <0.03 to 0.045 
Thallium (Tl) <0.02 0.04 to 0.16 
Uranium (U) <0.04 <0.04 to 0.08 
Zinc (Zn) 15.8 135-324 
Calcium (Ca) 268 2,230 to 5,510 
Copper (Cu) 1.4 6.6 to 25.3 
Iron (Fe) 114 1,410 to 3,390 
Silicon (Si) 91 194-371 
Strontium (Sr) 1.64 6.55 to 8.62 
Tin (Sn) <0.1 0.4 to 3 

 

3.4 SPATIAL ANALYSIS  

Elevated metal levels were generally found around the eastern ‘dry’ portion of the tailings. The highest metal 
levels were generally found at Plot T1 (location within an island of vegetation in the tailings) and the first 
two or three plots on transect lines extending north, northeast, east, southeast and south. As such, the most 
notable aerial dispersion of metals appears limited to within 200 m from the tailings facilities. Beyond this 
area, moderate levels of metals were generally found from 200–350 m on the above mentioned transects and 
other plots within and around the edges of the tailings in other directions. Figures 3 to 10 display metal 
levels at plots for selected metal levels. 

There were also some moderate levels of some metals near the Elsa mine/town site. Specifically lead, silver, 
zinc, copper and cadmium had moderate to high levels in all plots on the transect line extending south from 
the tailings facility. This line crosses many disturbances including several roads and is near several buildings 
and miscellaneous developments. It is likely that dust generated from activities in those areas are responsible 
for these moderate metal levels in lichens from the outer two plots (S4 and S5).  

 



Figure 3: Arsenic levels in lichens collected at Elsa, 2007.  
Data Input/Drawn By: M. Power, B. Schonewille 
Checked By: P. Tobler 
Projection: NAD 1983 UTM Zone 8 
Date: 24 January 08 
Digital Data Sources: 

Base Map Files: NTDB Canada 1:50,000 
Plot Locations: EDI Environmental Dynamics Inc. ( Summer 2007) 
Orthophotos: Access Consulting Group (2007) 
Digital Elevation Model: 
http://www.environmentyukon.gov.yk.ca/geomatics/envydata.html#dem 
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Figure 4: Antimony levels in lichens collected at Elsa, 2007.  
Data Input/Drawn By: M. Power, B. Schonewille 
Checked By: P. Tobler 
Projection: NAD 1983 UTM Zone 8 
Date: 24 January 08 
Digital Data Sources: 

Base Map Files: NTDB Canada 1:50,000 
Plot Locations: EDI Environmental Dynamics Inc. ( Summer 2007) 
Orthophotos: Access Consulting Group (2007) 
Digital Elevation Model: 
http://www.environmentyukon.gov.yk.ca/geomatics/envydata.html#dem 
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Figure 5: Lead levels in lichens collected at Elsa, 2007.  
Data Input/Drawn By: M. Power, B. Schonewille 
Checked By: P. Tobler 
Projection: NAD 1983 UTM Zone 8 
Date: 24 January 08 
Digital Data Sources: 

Base Map Files: NTDB Canada 1:50,000 
Plot Locations: EDI Environmental Dynamics Inc. ( Summer 2007) 
Orthophotos: Access Consulting Group (2007) 
Digital Elevation Model: 
http://www.environmentyukon.gov.yk.ca/geomatics/envydata.html#dem 
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Figure 6: Silver levels in lichens collected at Elsa, 2007.  
Data Input/Drawn By: M. Power, B. Schonewille 
Checked By: P. Tobler 
Projection: NAD 1983 UTM Zone 8 
Date: 24 January 08 
Digital Data Sources: 

Base Map Files: NTDB Canada 1:50,000 
Plot Locations: EDI Environmental Dynamics Inc. ( Summer 2007) 
Orthophotos: Access Consulting Group (2007) 
Digital Elevation Model: 
http://www.environmentyukon.gov.yk.ca/geomatics/envydata.html#dem 
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Figure 7: Cadmium levels in lichens collected at Elsa, 2007.  
Data Input/Drawn By: M. Power, B. Schonewille 
Checked By: P. Tobler 
Projection: NAD 1983 UTM Zone 8 
Date: 24 January 08 
Digital Data Sources: 

Base Map Files: NTDB Canada 1:50,000 
Plot Locations: EDI Environmental Dynamics Inc. ( Summer 2007) 
Orthophotos: Access Consulting Group (2007) 
Digital Elevation Model: 
http://www.environmentyukon.gov.yk.ca/geomatics/envydata.html#dem 
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Figure 8: Copper levels in lichens collected at Elsa, 2007.  
Data Input/Drawn By: M. Power, B. Schonewille 
Checked By: P. Tobler 
Projection: NAD 1983 UTM Zone 8 
Date: 24 January 08 
Digital Data Sources: 

Base Map Files: NTDB Canada 1:50,000 
Plot Locations: EDI Environmental Dynamics Inc. ( Summer 2007) 
Orthophotos: Access Consulting Group (2007) 
Digital Elevation Model: 
http://www.environmentyukon.gov.yk.ca/geomatics/envydata.html#dem 
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Note: All lichen results displayed were Cladina mitis except plots
E1, S1 and S2 where only Stereocaulon tomentosum was collected.
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Figure 9: Zinc levels in lichens collected at Elsa, 2007.  
Data Input/Drawn By: M. Power, B. Schonewille 
Checked By: P. Tobler 
Projection: NAD 1983 UTM Zone 8 
Date: 24 January 08 
Digital Data Sources: 

Base Map Files: NTDB Canada 1:50,000 
Plot Locations: EDI Environmental Dynamics Inc. ( Summer 2007) 
Orthophotos: Access Consulting Group (2007) 
Digital Elevation Model: 
http://www.environmentyukon.gov.yk.ca/geomatics/envydata.html#dem 
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Note: All lichen results displayed were Cladina mitis except plots
E1, S1 and S2 where only Stereocaulon tomentosum was collected.
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Figure 10: Iron levels in lichens collected at Elsa, 2007.  
Data Input/Drawn By: M. Power, B. Schonewille 
Checked By: P. Tobler 
Projection: NAD 1983 UTM Zone 8 
Date: 24 January 08 
Digital Data Sources: 

Base Map Files: NTDB Canada 1:50,000 
Plot Locations: EDI Environmental Dynamics Inc. ( Summer 2007) 
Orthophotos: Access Consulting Group (2007) 
Digital Elevation Model: 
http://www.environmentyukon.gov.yk.ca/geomatics/envydata.html#dem 
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4 CONCLUSIONS / RECOMMENDATIONS  

There is indication of aerial contamination of metals around the eastern ‘dry’ portion of the tailings facility. 
While the spatial extent is limited (compared to other Yukon sites; i.e Faro), there were notably high levels 
of some metals. For example, lead in some samples in this study were up to 60% of the highest levels found 
at Faro (747.7 ug/g; inferred from Gartner Lee 2006). This was surprising considering the small size of the 
Elsa tailings and disturbances compared to those of the Faro mine. 

A concern with the Elsa tailings is that they have the potential to continue to contribute metals to the 
surrounding terrestrial environment. When the tailings are dry and significant wind events occur, dust from 
the tailings likely can be easily transported to the surrounding ecosystem. To confirm if aerial contamination 
is on-going and to what extent, deployment of moss bags is recommended. Moss bags are a standard low-
technology method for assessing both dry and wet (i.e., airborne and precipitation-based) deposition of 
airborne contaminants (Temple et al., 1981).  

There may be a need to assess other components of the terrestrial ecosystem to determine if metal levels are 
accumulating in the ecosystem. This is especially important if local individuals (i.e. First Nations) collect 
plant material or small animals (with small home ranges) for consumption from the immediate vicinity of 
the tailings.  
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Appendix A. Complete heavy metal concentrations (ug/g)  

laboratory results from CANTEST. 
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Appendix B.  

Comparisons of heavy metal concentrations (ug/g) from replicate samples of 

Cladina mitis (CLMI)from two plots, Elsa tailings terrestrial effects assessment. 
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Appendix B. Comparisons of heavy metal concentrations (ug/g) from replicate samples of Cladina mitis 
(CLMI)from two plots, Elsa tailings terrestrial effects assessment. 

Plot E05 Plot T07 
Metal 

CLMI-E05-1 CLMI-E05-2 RPD CLMI-T07-1 CLMI-T07-2 RPD 
Aluminum Al 38 40.4 6.1 47.6 41.7 -13.2 
Antimony Sb < 0.1 0.1 NC 0.3 0.2 Pass 
Arsenic As 0.4 0.5 Pass 1.3 1 -26.1 
Barium Ba 6.6 5.5 -18.2 9.5 8.1 -15.9 
Beryllium Be < 0.02 < 0.02 NC < 0.02 < 0.02 NC 
Boron B < 2 < 2 NC < 2 < 2 NC 
Cadmium Cd 0.17 0.12 -34.5 0.2 0.18 -10.5 
Calcium Ca 1270 869 -37.5 1390 928 -39.9 
Chromium Cr 0.7 0.1 -150 0.2 0.1 Pass 
Cobalt Co < 0.1 < 0.1 NC < 0.1 < 0.1 NC 
Copper Cu 1.4 1.6 13.3 1.1 1.2 8.7 
Iron Fe 92 95 3.2 152 124 -20.3 
Lead Pb 3.6 3.4 -5.7 9.1 6.8 -28.9 
Magnesium Mg 407 326 -22.1 561 354 -45.2 
Manganese Mn 194 125 -43.3 59.2 42.4 -33.1 
Mercury Hg < 0.03 < 0.03 NC < 0.03 < 0.03 NC 
Molybdenum Mo < 0.1 < 0.1 NC < 0.1 < 0.1 NC 
Nickel Ni 0.4 0.3 NC 0.2 0.2 0.0 
Phosphorus P 512 491 -4.2 485 434 -11.1 
Potassium K 2340 1810 -25.5 1530 1460 -4.7 
Selenium Se < 0.2 < 0.2 NC < 0.2 < 0.2 NC 
Silicon Si 92 63 -37.4 77 75 -2.6 
Silver Ag 0.23 0.16 -35.9 0.32 0.31 -3.2 
Sodium Na 9 9 0.0 7 8 13.3 
Strontium Sr 2.02 1.66 -19.6 3.13 2.06 -41.2 
Tellurium Te < 0.1 < 0.1 NC < 0.1 < 0.1 NC 
Thallium Tl < 0.02 < 0.02 NC < 0.02 < 0.02 NC 
Tin Sn 0.1 < 0.1 NC < 0.1 < 0.1 NC 
Titanium Ti 2.1 2 -4.9 2.4 2 -18.2 
Uranium U < 0.04 < 0.04 NC < 0.04 < 0.04 NC 
Vanadium V < 0.5 < 0.5 NC < 0.5 < 0.5 NC 
Zinc Zn 23 22.5 -2.2 23.3 18.7 -21.9 
Zirconium Zr < 3 < 3 NC < 3 < 3 NC 

R.P.D.: Relative Percent Difference. 

PASS: Replicate sample results were in the range of 1 to 5 times the detection limit. Acceptance criteria is a maximum difference 
between the replicates equivalent to the detection limit.  

NC: Not calculated. Replicate sample results were less than detection limit. 
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Appendix C.  

Comparison of heavy metals (ug/g) in Cladina mitis (CLMI)and Stereocaulon tomentosum 
(STTO) samples collected from the same plot during the Elsa tailings assessment. 
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Appendix C. Comparison of heavy metals (ug/g) in Cladina mitis (CLMI)and Stereocaulon tomentosum 
(STTO) samples collected from the same plot during the Elsa tailings assessment. 

Plot Control 05 Plot S3 Plot SE01 
Metal 

CLMI-C05 STTO-C05 RPD CLMI-S3 STTO-S3 RPD CLMI-SE01 STTO-SE01 RPD
Aluminum Al 69.7 80.1 13.9 126 261 69.8 88.4 147 49.8 
Antimony Sb < 0.1 < 0.1 nc 2.8 6.5 79.6 4.7 9.8 70.3 
Arsenic As 0.1 0.2 nc 7.2 16.2 76.9 21.2 47.5 76.6 
Barium Ba 13.3 14 5.13 6 12.5 70.3 6.9 14.6 71.6 
Beryllium Be < 0.02 < 0.02 nc < 0.02 < 0.02 nc < 0.02 < 0.02 nc 
Boron B < 2 < 2 nc < 2 2 nc < 2 3 nc 
Cadmium Cd 0.07 0.03 -80 1.45 2.69 59.9 2.04 4.07 66.4 
Calcium Ca 537 268 -66.8 1220 5510 127.5 2060 5130 85.4 
Chromium Cr 0.2 0.2 0 0.5 0.9 57.1 0.6 0.9 40.0 
Cobalt Co < 0.1 0.1 nc 0.1 0.2 66.7 0.1 0.2 66.7 
Copper Cu 0.7 1.4 66.7 3.8 9.6 86.6 8.6 19.4 77.1 
Iron Fe 98 114 15.1 772 2020 89.4 1450 3290 77.6 
Lead Pb 0.7 0.5 -33.3 110 275 85.7 165 395 82.1 
Magnesium Mg 171 160 -6.6 493 715 36.8 769 571 -29.6 
Manganese Mn 86.7 55.8 -43.4 237 274 14.5 238 444 60.4 
Mercury Hg < 0.03 < 0.03 nc < 0.03 < 0.03 nc < 0.03 0.045 nc 
Molybdenum Mo < 0.1 0.1 nc < 0.1 0.1 nc < 0.1 0.1 nc 
Nickel Ni 0.3 0.5 50 0.6 1.4 80.0 0.5 1.2 82.4 
Phosphorus P 361 500 32.3 491 664 30.0 591 589 -0.3 
Potassium K 1070 1680 44.4 1400 2910 70.1 1540 2510 47.9 
Selenium Se < 0.2 < 0.2 nc < 0.2 < 0.2 nc < 0.2 < 0.2 nc 
Silicon Si 83 91 9.2 109 239 74.7 165 371 76.9 
Silver Ag 0.04 0.05 22.2 2.49 6.49 89.1 3.2 6.22 64.1 
Sodium Na 12 17 34.5 13 18 32.3 10 26 88.9 
Strontium Sr 2.21 1.64 -29.6 2.41 6.55 92.4 3.91 8.62 75.2 
Tellurium Te < 0.1 < 0.1 nc < 0.1 < 0.1 nc < 0.1 < 0.1 nc 
Thallium Tl < 0.02 < 0.02 nc 0.03 0.06 66.7 0.03 0.06 66.7 
Tin Sn < 0.1 < 0.1 nc 0.3 0.6 66.7 1.6 3 60.9 
Titanium Ti 3.5 3.9 10.8 4.3 9.2 72.6 3.1 4.1 27.8 
Uranium U < 0.04 < 0.04 nc < 0.04 0.04 nc < 0.04 0.05 nc 
Vanadium V < 0.5 < 0.5 nc < 0.5 1.1 nc < 0.5 0.6 nc 
Zinc Zn 10.7 15.8 38.5 90.2 135 39.8 122 217 56.0 
Zirconium Zr < 3 < 3 nc < 3 < 3 nc < 3 < 3 nc 

R.P.D.: Relative Percent Difference (differences of over 20% highlighted) 

NC: Not calculated. Replicate sample results were less than detection limit. 

 

 

 


