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EXECUTIVE SUMMARY 

The McLeod River headwaters originate in the Rocky Mountains in west-central Alberta and join the 

Athabasca River near Whitecourt. Coal mining has occurred in the McLeod watershed since the 1970s and 

more recently, there has been both reclamation and expansion of mine sites in the upper basin. Elevated 

levels of total suspended solids, nitrates, metals and other major ions are of concern to water quality in 

watersheds where mining is a predominant land use. Selenium is a naturally occurring element found in 

rocks and soil that is an essential trace element in low concentrations but can be toxic at higher levels. In 

regions with surface mining like the upper McLeod watershed, the mobilization of metals such as selenium 

can occur and have adverse effects on water quality and aquatic life. Alberta Environment and Parks (AEP) 

surveys in the late 1990s identified that selenium in surface water was the lowest at non-impacted 

reference sites, and highest at exposed sites closest downstream of mining activity. 

In this study, water quality monitoring in the McLeod watershed has allowed for the assessment of the 

trends at sites downstream of current mining activity (2005-2016) and the effectiveness of reclamation 

efforts at sites downstream of mines that have undergone reclamation activity. Current mining activity at 

the Cheviot mine has impacts on the McLeod River, whereas reclamation activity at the Luscar and Gregg 

River mines have changed water quality conditions in tributaries of the McLeod River (Luscar Creek and 

Gregg River). Trends in surface water quality parameters were assessed over time to understand changes 

in water quality and associations with active mining and reclamation activity. 

Changes in the McLeod River water quality at sites downstream of active mining included increasing 

trends in 11 metals, including selenium. Significant increasing trends in dissolved nitrogen were also 

observed at sites downstream of mining activity, which may be associated with nitrogen-based explosives 

used in blasting at surface mines. In addition, total dissolved solids and its components also increased 

over time at sites downstream of active mining in the McLeod River. Downstream of closed mines and 

reclamation activity in Luscar Creek and Gregg River there were some improvements in water quality over 

time including decreasing trends in some metals, including selenium as well as dissolved nitrogen. For 

some metals, including selenium, concentrations downstream of reclamation were still above 

recommended guidelines for the protection of aquatic life. Surface water quality data from 2005 to 2016 

showed most metal and dissolved solids concentrations were higher at sites downstream of past mining 

activity than upstream reference sites in Gregg River and Luscar Creek. 

Downstream of active mining in the McLeod River, water quality changes can act as indicators of mining 

impacts. Similarly, water quality changes downstream of reclamation activity may be indicators of 

reclamation success. In particular, parameters that were both increasing downstream of active mining in 

the McLeod River and concurrently decreasing downstream of mines undergoing reclamation in its 

tributaries (Gregg River and Luscar Creek) could be identified as signals of water quality changes after 

active mining closed and reclamation efforts are initiated. Further research is required to assess the 

ecological effects of water quality changes in the McLeod River and its major tributaries to understand 

the long-term effects of mining effluent on aquatic systems.
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1. Introduction 

1.1 The McLeod River 
The McLeod River is a major tributary that flows into the Athabasca River near Whitecourt in west-

central Alberta. The headwaters of the McLeod River originate in the Rocky Mountains where the river is 

relatively pristine. As the McLeod River flows downstream, more pressures emerge and point source 

discharges may contribute to changing water quality, along with cumulative natural inputs (i.e. erosion, 

land cover changes, groundwater influences). Water quality monitoring has occurred in this region by 

the provincial government for nearly 30 years as a way to assess watershed health and the effect of 

point and non-point sources. Although there are no major cities in the McLeod watershed, there is high 

cumulative pressure in this area (Athabasca Watershed Council, 2018). The McLeod watershed includes 

a few municipalities that discharge treated sewage into the river, with Edson being the biggest with a 

population of approximately 8,500 people. Other major activities in the McLeod watershed include 

forestry, conventional oil and gas, aggregate and coal mining, recreation and tourism. Major land 

disturbances in the upper McLeod watershed are primarily coal and limestone/aggregate mines. 

1.2 Coal Mines in the McLeod Watershed 
Coal mining has altered the landscape of the upper McLeod River over time. The extent of surface 

mining of coal in the McLeod River watershed has varied since the mid-1900s. Mining has occurred at 

Cardinal River Coals since the 1970s and growth of the other major mine in the upper McLeod 

watershed, the Gregg River mine, began in the early 1980s. More recently, there has been both 

reclamation and expansion of mine sites in the upper basin. The cumulative effects of mining have 

resulted in changes in the surface water quality of select tributaries in the McLeod River.  

Gregg River mine which discharged to Gregg River, a tributary of the McLeod River, closed in 2000. 

Luscar mine, which discharged to Luscar Creek, closed its active mining in 2004. Luscar mine is closed 

except for the coal processing plant, water management, reclamation and other activities at the mine; 

and the Cheviot mine began operation in 2005 (Figure 1). The Luscar coal processing plant is used to 

process coal from the Cheviot mine. Coal mining in Alberta is regulated by Alberta Energy Regulator 

(AER), guided by the Environmental Protection and Enhancement Act (EPEA). Under EPEA, mining 

companies are required to reclaim disturbed lands and require financial security be held for this 

practice. Mines typically use progressive reclamation whereby pits are closed and reclaimed as they 

develop, thus decreasing disturbed areas. Land management plans (LMP) for public land in the Luscar 

mine and Gregg River mine have been developed with a focus on wildlife habitat and watershed 

protection (AESRD, 2012). The LMPs for Luscar mine and Gregg River mine include a management goal 

that water and watersheds are healthy, productive and sustainable. Both mines are still undergoing land 

reclamation processes and are working towards obtaining Reclamation Certification through AER. 

In 2017, Alberta coal mines accounted for 34% of the 61 million tonnes of coal produced in Canada 

(Natural Resources Canada, 2018). Bituminous coal mined in the foothills and Rocky Mountains of 

Alberta is exported to Asian markets for metallurgical use (Alberta Energy Regulator, 2017). In the 
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foothills of the Canadian Rockies, steeper slopes have resulted in erosion that has exposed older 

Cretaceous shales mined for metallurgical grade coal. These shales are higher in sulphate and selenium 

due to volcanism associated with this period (Miller et al., 2013).   

1.3 Water Quality Related to Coal Mines 
Surface water contamination can occur from coal mining from both active and reclaimed sites. Elevated 

levels of total suspended solids (TSS; Hartman et al., 2005), nitrates (Pommen, 1983), metals (Casey & 

Siwik, 2000 and Casey, 2005) and other major ions (i.e. sulphate and bicarbonate; Griffith et al., 2012) 

are of concern to water quality in watersheds where mining is a predominant land use. Increased 

sediment export and calcite accumulation can have physical impacts on stream habitats through the 

process of sedimentation and cementation (Hartman et al., 2005). Nitrogen-based explosives used in 

surface mining in Elk Valley, British Columbia have been evidenced as the source of nitrate-nitrogen in 

waste rock after blasting (Mahmood et al., 2017). This can cause elevated nitrate concentration (NO3) in 

surface waters (Pommen, 1983) which could affect aquatic biota and habitat due to toxicity or nutrient 

enrichment. For example, sites downstream of mines in the McLeod River watershed have historically 

higher concentrations of nitrogen and epilithic chlorophyll-a, as well as fewer intolerant taxa in 

zoobenthos community assessments (Anderson et al., 1997). 

In the McLeod watershed, past studies have found elevated metal concentrations at mining exposed 

sites (i.e., antimony, cobalt, iron, lithium, manganese, molybdenum, nickel, selenium, strontium, 

thallium and uranium; Casey, 2005). The increase of metals can be caused by an increase in interactions 

between water and overburden (Griffith et al., 2012). The ionic composition of receiving waters can also 

be modified by coal mine discharges, with increasing contact with overburden material increasing total 

dissolved solids in the receiving waters (Price & Wright, 2016; Griffith et al., 2012). Coal mining exposes 

sulfide minerals that can become oxidized and release sulphate creating acid characteristics that may be 

neutralized by carbonate material (Griffith et al., 2012). However, acid drainage from mining 

disturbance is unlikey to be an issue due the high buffering capacity of surface waters in the McLeod 

River. Mining sites may also include sewage and processing plants for wastewater although some use 

off-site disposal or reuse wastewater in processing. Some sites use aggregate mining sites for inland 

cement processing which may exacerbate the cumulative effects on a landscape but more research on 

the intensity of mining effects should be completed. 

1.4 Selenium Studies in McLeod River 
Selenium (Se) is a naturally occurring element found in rocks and soil that is an essential trace element 

in low concentrations but can be toxic at higher levels. In regions of concentrated surface mining like the 

upper McLeod River, the mobilization of metals such as selenium can occur and have adverse effects on 

water quality and aquatic life. Alberta Environment and Parks (AEP) surveys in the late 1990s identified 

that Se in surface water was the lowest at non-impacted reference sites, and highest at exposed sites 

closest downstream of mining activity (Casey & Siwik 2000, and Casey, 2005). Se concentrations at all 

exposed stream sites measured between 1998 and 1999 were greater than surface water quality 

guideline for the protection of aquatic life, which at the time was 1 µg/L. Two tributaries of the McLeod 

River that have been directly impacted by mining activity are Luscar Creek and Gregg River. Past AEP 
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studies found that Se levels were higher at exposed sites in the Luscar Creek drainage compared to the 

Gregg River, likely due to greater mine disturbance in the Luscar watershed and greater dilution in the 

Gregg River.  

Elevated levels of Se can cause embryo toxicity and teratogenicity in egg-laying vertebrates including 

fish (Janz et al., 2010). Tissue analysis of fish exposed to mining activity found that Se concentrations 

were usually greater than effects thresholds established in the scientific literature (Mackay, 2006). 

However, these thresholds were developed for warm-water systems and may not be representative of 

toxicological responses in cold-water systems (Lemly, 1993).  

To assess the effect of Se on salmonid species from mining activity in west-central Alberta, the 

relationships between Se in muscle and gonad tissues in laboratory and field toxicology studies were 

completed using fish from tributaries in the upper McLeod River (Holm et al., 2005; Miller et al., 2013). 

In Holm et al. (2005), mature rainbow and brook trout were collected from exposed and reference sites, 

gametes were fertilized and reared in the lab and examined for deformities. Adverse effects were found 

for rainbow trout fry from exposed streams compared to reference sites (Holm et al., 2005). Rainbow 

trout demonstrated a significant relationship between the levels of Se in eggs and developmental 

abnormalities; brook trout did not demonstrate this relationship (Holm et al., 2005). The mechanism for 

variable Se transfer from tissues to eggs between different fish species remains uncertain (Janz et al., 

2010). 

Se sensitivity is species-specific which can lead to complex community responses. Rainbow trout 

observed with embryonic deformaties were within the geographic range of Athabasca Rainbow trout, 

designated as endangered under the Species at Risk Act (Alberta Athabasca Rainbow Trout Recovery 

Team, 2014; Fisheries and Oceans Canada, 2019). Native rainbow trout populations may be more 

vulnerable to elevated Se if there are additional stressors on fish habitat. For example, the historic 

stocking of non-native brook trout (that are less sensitive to Se) may further contribute to the 

displacement of native rainbow trout in the Eastern Slopes of Alberta (Rasmussen & Taylor, 2009). In 

addition, high selenium concentrations from coal mining may also impair recruitment of other fish 

species, such as the bull trout, listed as a species of concern in Alberta (Palace et al., 2004). 

Selenium concentrations are also generally higher in aquatic insects at sites exposed to mining activity, 

in comparison to reference sites (Casey, 2005). Aquatic invertebrates are a dominant food source in the 

diet of trout species in streams of the McLeod River (Stantec, 2004). Evidence from studies of end pit 

lakes at coal mines show that inverebrates and fish bioaccumulated Se to higher levels in pits with 

elevated Se concentrations over time, compared to pits with lower Se levels (Miller et al., 2013). In 

addition, analysis of an aquatic food web in the upper McLeod River showed Se bioaccumulated to 

highest concentrations in trout ovary at the Luscar Creek exposed site, compared to the reference site 

(Casey, 2005). However, multiple stressors in coal-mining regions can affect macroinvertebrate 

assemblages (Kuchapski & Rasmussen, 2015).  



 

 Water quality in the McLeod River as an indicator for mining impacts and reclamation success (2005 to 2016)  4 

 

 Classification: Public 

1.5 Report Objectives 
The main goal of this report is to focus on the statistical analysis of long-term trends in surface water 

quality data for the McLeod River watershed, collected by Alberta Environment and Parks (AEP) 

between 2005 and 2016. This period was chosen because it begins when the Cheviot mine began 

operation in 2005, and the two other coal mines in the upper McLeod River were at different points in 

the reclamation process (Luscar and Gregg River mines).  Mine expansion and progressive reclamation 

has been ongoing since mining started in the McLeod watershed, however 2005 onwards represents a 

known period of active mining at Cheviot mine. This allows a period of continuous active mining to be 

used to assess water quality impacts on the McLeod River. This can be used to compare the phases of 

reclamation happening concurrently on tributaries of the McLeod River (Luscar Creek and Gregg River). 

Given the sampling design of sites both upstream and downstream of active and inactive mining, the 

spatial and temporal patterns in water chemistry between reference sites and exposed sites could be 

assessed. The Luscar Creek and Gregg River sites allowed for a simple upstream versus downstream 

comparison (i.e. Control-Impact design), whereas the McLeod River sites also allowed for a more 

complex spatial assessment of mining impacts at different distances downstream. 

This report will: 

 Determine statistical trends in surface water quality of the McLeod River and major tributaries, 

at sites where there is sufficient data (at least 10 years of data); 

 Compare trends in water quality from watersheds that include active mining to trends from 

watersheds that include historic mining undergoing reclamation processes; 

 Compare the water quality data to surface water quality guidelines for the protection of aquatic 

life (Alberta Government, 2018); 

 Compare the results to previous AEP studies. 

This report may also be used to inform the development of a Surface Water Quality Management 

Framework (SWQMF) in the Athabasca Region that supports the management of cumulative effects on 

surface water quality. SWQMFs are a key component of Alberta's cumulative effects management 

system that is being advanced under regional planning and the Land-use Framework.
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Figure 1: Timeline for mining operations, including closures and reclamation in the upper McLeod watershed and reporting by AEP. There is 
overlap between active mining and progressive reclamation. Purple= active mining, green= reclamation period, blue= reporting. 

1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

Gregg River Mine Active

Gregg River Mine
Reclamation

Luscar Mine Active

Luscar Mine
Reclamation

Cheviot Mine Active

Casey (2005) report
sampling timeline

Current report sampling
timeline
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2.  Methods 

2.1 Definitions 
In this report, sites are defined as either Site-exposed, Reference or Far-field based on the following 

definitions: 

Site-exposed: a site which contains historic or current mining activity within its delineated watershed, 

and this could influence surface water quality at the site. These sites may be deemed to be affected by 

mining activity based on a comparison of physio-chemical parameters between reference and exposed 

sites. 

Reference: a site which does not contain historic or current mining activity within its delineated 

watershed, so site-exposed waters are not expected to affect surface water quality in the waters 

downstream of the site.  

Far-field: a site which is further downstream from mining activity than all other sites and is expected to 

be outside of the range of influence. 

2.2 Site Selection 
Sites in the headwaters of the McLeod River were monitored to understand the impacts of mining on 

water quality and compare to reference locations over time. Nine sites were chosen for the statistical 

trend analysis within the McLeod River watershed, based on having >10 years of data available (Table 1, 

Figure 2). On the mainstem of the McLeod River, there is one reference site, four site-exposed sites, and 

a far-field site near the mouth of the McLeod River, in Whitecourt.  All sites selected for trend analysis, 

are in the Upper McLeod sub basin (AB07AF), except the far-field Whitecourt site, in the Lower McLeod 

sub basin (AB07AG). One of the site-exposed sites on the McLeod River (Downstream Luscar Creek, M4) 

only has data from 2011-2016, so no trend analysis was conducted but surface water quality guideline 

exceedances and summary information was assessed.  

The Gregg River and Luscar Creek sites were used to compare to results of Casey (2005) that included 

data during a period of active mining at the Gregg River and Luscar mines (1998 to 2003). There is an 

upstream reference site and a downstream site-exposed site on Gregg River and Luscar Creek. Since the 

closure of the Gregg River mine in 2000 and Luscar mine in 2004, the site-exposed sites may be a 

reasonable indicator of reclamation progress. 
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Table 1: Site descriptions and defined site types for monitoring sites in this report (2005-2016) 
compared to sites from Casey (2005). D/S indicates downstream. U/S indicates upstream. 

Watercourse Site Code 
Site Type for 2005-

2016 data 

Site Type for 

1998-2003 data 

(Casey, 2005) 

AEP Station 

Description 

AEP Site Number 

(Latitude, 

Longitude) 

McLeod 

River 

 

M1 
Reference 

2.4 km U/S Cheviot 
- U/S Mountain Park 

AB07AF0010 

(52.8992, -117.2772) 

M2 

Site-exposed:  

6.3 km D/S Cheviot 

Mine 

- 
U/S Whitehorse 

Creek 

AB07AF0041 

(52.9839, -117.3364) 

M3 

Site-exposed:  

6.8 km D/S Cheviot 

Mine 

Reference U/S Cadomin Creek 
AB07AF0045 

(52.9903, -117.3333) 

M4 

Site-exposed: 

14.8 km D/S Cheviot 

Mine and Luscar Mine 

D/S site D/S Luscar Creek 
AB07AF0100 

(53.0706, -117.2781) 

M5 

Site-exposed:  

40.9 km D/S Cheviot 

Mine, Luscar Mine, 

Gregg River Mine 

D/S site D/S  Gregg River 
AB07AF0340 

(53.3067, -117.2680) 

M6 
Far-field 

169.6 km D/S Cheviot 
D/S site Whitecourt 

AB07AG0390 

(54.1361, -115.6958) 

Luscar 

Creek 

 

L1 Reference Reference 
Above Luscar Valley 

(CRC) Mine 

AB07AF0065 

(53.0522, -117.4211) 

L2 

Site-exposed: 

4.8 km D/S Luscar 

Mine 

D/S site 
Immediately D/S 

Hwy 40 

AB07AF0088 

(53.0617, -117.3011) 

Gregg 

River 

 

G1 Reference Reference 
Above Luscar Valley 

(CRC) Mine 

AB07AF0210 

(53.0594, -117.4511) 

G2 

Site-exposed:  

7.8 km D/S Gregg 

River Mine 

D/S site 

9.5 km D/S of Sphinx 

Creek and 0.7 km 

U/S of Drinnan Creek 

AB07AF0262 

(53.1853, -117.5056) 
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Figure 2: Monitoring stations in relation to mine footprints of active mining (Cheviot Mine) and mines 
undergoing reclamation processes (Gregg River Mine and Luscar Mine). Red arrows indicate flow 

direction. McLeod River sites M1-M6, Luscar Creek sites L1-L2, Gregg River sites G1-G2 
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2.3 GIS Methods 
The distance from each monitoring site was calculated in GIS based on a measure of distance along a 

continuous flow channel (Strahler order of ≥ 1). The distance between each site on the channel and the 

intersection of the channel with the edge of the mining footprint was calculated in km2.   

Watersheds were delineated for each site to assess the potential for land use effects on water quality 

(ESRI, 2019). Watersheds were delineated using existing Arc Hydro Tools (Djokic et al., 2011) and Arc 

Hydro Supplemental tools which were created in house by GOA staff. This accesses a pre-existing layer 

of catchments. Using the tools, a pour point was selected at the location of a monitoring station. The Arc 

Hydro model looks at the point’s surroundings and selects the area that would drain into this point. 

The model is based on a Digital Elevation Model (DEM). To create the catchment each cell within the 

DEM is analyzed. The basic premise is to take a drop of water and compare each cell with its immediate 

neighbours. It is then determined which way the drop of water would flow. By comparing the elevation 

of each cell the catchment areas can be compiled. The streams derived from the digital elevation model 

have a precision of +/- 100 metres. 

For the unique watershed associated with each monitoring site, different colours were used to display 

significant trend directions. If it was possible to run flow-adjusted trends, then the result of the flow-

adjusted trend was displayed rather than the raw concentration trend. 

2.4 Sample Collection 
All field collections followed standard procedures used by AEP (Alberta Environment, 2006). Surface 

water grab samples were collected from flowing water. Some water quality parameters were measured 

using field meters (for dissolved oxygen, conductivity, and pH). Samples were taken during the open 

water season (May-October). Winter sampling was done once per year in February or March. In 2009, 

samples were only taken in February so there is a small gap in available data. The sampling program was 

flow-weighted, with the general goal to sample during major changes in the hydrograph (i.e. during base 

flow, storm events, freshet, summer, low flows, and winter). Flow measurements were instantaneous 

measures of discharge taken at the same site as water quality when water samples were collected. 

2.5 Statistical Methods 
Water quality data was accessed from the AEP Water Data System (WDS) in October 2018 and flow data 

was accessed from Water Information System KISTERS (WISKI) in April 2019. Data collection methods 

were compared using laboratory sample analysis procedure (valid method variable code, VMV) for the 

water quality analytes stored in WDS. The water quality variables were combined based on the sample 

collection methods and equal statistical variance among different laboratory analytical methods. For 

example, if a variable had two different laboratory methods over time, and there was equal variance for 

those methods, the data was combined. Using this method, no data was removed from the water 

quality database. Changing methodology over time can influence trend analysis, so this method limits 

the risk of bias due to laboratory changes. 
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For the statistical trend analysis, only water quality variables with ≥ 40 observations were analyzed to 

filter out incomplete datasets. Trend analysis was only conducted at sites with ≥ 10 years of data in 

order to assess changes consistently across sites. Trend analysis was conducted using non-parametric 

statistical methods because water quality data typically do not follow the necessary assumption of 

normal distribution making parametric methods unsuitable. Non-parametric methods use median 

values and represent changes in general patterns and frequencies over time (Helsel & Hirsch, 2002). For 

trend analysis of each time series dataset, a Mann Kendall or Seasonal Kendall test was chosen, which 

was determined based on monthly seasonality and heterogeneity of monotonic trends across months. 

For example, if the data was assessed to be significantly seasonal, and monotonic trend directions were 

homogeneous across months, a Seasonal Kendall test was used. The seasonality of the data was 

assessed using a Kruskal-Wallis test (Kruskal & Wallis, 1952). A trend was based on the Tau value 

determining a positive or negative trend. Trends were considered statistically significant if the p-value 

was <0.05.  

Censored data can be defined as partially known values, where a value is measured as less than a given 

detection limit. These data are censored based on analytical methods and detection limits assigned by 

the laboratory. Non-parametric trend analysis is more robust to censored data than parametric methods 

given they are based on ranks. Re-censoring to the highest detection limit can be done when there is 

more than one detection limit. For censored data, trend analysis was completed after values below 

different detection limits were recoded as ties (Helsel, 2020). For example, if there were different 

detection limits for a certain variable (i.e. L0.5, L0.3, L0.4), the value for these censored values would all 

be re-censored to the highest detection limit (i.e. L0.5). This approach has limitations such as a loss of 

power to detect trends. However if a trend is found using this method it can be considered a true trend 

without the risk of false trends that can be produced using other substitution methods (Helsel, 2020). 

Samples were plotted as time series data graphs and box plots to identify censored values 

(TRUE=censored, FALSE= not censored) and variance in the data (Appendix A-D). Further descriptions of 

boxplots are included in Appendix B and D). For plotting purposes only and not for any further analysis, 

censored data was imputed based on regression on order statistics (ROS). Water quality variables with 

>80% censored values in the total number of samples at that site were excluded from the trend analysis. 

Bias can increase with higher proportions of censoring, however the direction of a trend can be accurate 

for highly censored data (Helsel, 2020). The proportion of values below the detection limit for each 

variable at each site is given in Appendix E. Time series data with predominantly non-detect values 

should be interpreted with caution. Interpretation of trends for constituents that include a 

predominance of non-detection values should be done so cautiously at some sites. For example: 

dissolved ammonia, total beryllium, total bismuth, total cobalt, total iron, total nickel, TKN, TDP, non-

filterable residue, dissolved chloride, total silver, and total tin (Appendix E). 

Flow-adjusted trend analysis was used in addition to trend analysis on raw data for sites with 

corresponding instantaneous flow measurements for the same dates when water quality samples were 

taken. Flow can affect water quality concentration by either dilution (i.e. decreasing concentration with 

higher flow) or runoff (i.e. increasing concentration with higher flow), and so by removing the variation 

in concentration caused by flow, a flow-corrected trend can be determined. Flow-corrected values can 
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rule out changes that are primarily driven by climatic and hydrologic changes. To remove the effect of 

flow, non-parametric locally weighted scatterplot smoothing (LOWESS; Cleveland, 1979) was used to 

identify statistical residuals that explain variation beyond the effect of flow. Trends in flow were checked 

to ensure that changes in flow over time are not affecting the flow-adjusted values. At sites where flow 

stations did not align with water quality sample locations and/or timing, only raw trends without flow 

correction were determined. For variables with censored data, no flow-adjusted trends were calculated 

because there is no suitable non-parametric method for flow adjustment (Helsel, 2020). Raw trends 

alone limit the interpretation of the trend influences, but can still signal general change overtime.  

The non-parametric paired-sample Wilcoxon Test was used to determine if there was a significant 

difference in median water quality concentrations between upstream and downstream sites on Gregg 

River and Luscar Creek (Wilcoxon, 1945). The percentage of change of the medians between upstream 

and downstream sites was then calculated to understand the magnitude of the change. Since this 

calculation used the median value, parameters with greater than 50% censored data were not analyzed.
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2.6 Evaluation of Data 
Water quality concentrations in all samples for the study sites were compared to the surface water 

quality guidelines for the protection of aquatic life (PAL) used in Alberta (Alberta Government, 2018; 

Table 2). Other available water quality guidelines, such as for the protection of agricultural water uses, 

were not used unless otherwise stated in the footnotes.  

Table 2: Surface water variables with surface water quality guidelines for the protection of aquatic life 
(PAL). 

Variable Name Alberta Surface Water Quality Guideline 
for the Protection of Aquatic Life (PAL) 

Total Arsenic 5 µg/L 

Total Boron 1500 µg/L 

Dissolved Chloride 120 mg/L 

Total Chromium1 5 µg/L 

Total Copper 7 µg/L 

Total Iron2 5000 µg/L 

Total Molybdenum3 73 µg/L 

Nitrate Nitrogen 3 mg/L 

Dissolved Oxygen 6.5 mg/L  

Total Selenium4 2 µg/L 

Total Silver 0.25 µg/L 

Total Thallium 0.8 µg/L 

Total Uranium 15 µg/L 

Total Zinc 30 µg/L 
1 The 1999 federal guideline for hexavalent chromium was used for the total chromium (Cr) guideline (Canadian 
Council of Ministers of the Environment 1999). This guideline is for only a fraction of total Cr, however if total Cr 
exceeds this guideline, there is potential for concern that should be alerted. 
2 Water quality guideline for the protection of agricultural water use  
3 Interim guideline 
4 The selenium guideline of 2 µg/L has an additional alert concentration of 1 µg/L to allow proactive monitoring or 
management of potential impacts (Alberta Government, 2018). 
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3.  Results and Discussion 

3.1 Trends in the McLeod River 
3.1.1 General Water Chemistry 

There were almost no trends in alkalinity, pH, total dissolved solids and its components at the reference 

site in the McLeod River (Table 3). Downstream of coal mining sites along the McLeod River, general 

water chemistry changed and TDS increased since 2005 (Table 3). TDS and specific conductance are 

generally higher at sites downstream of mine sites compared to the Upstream of Mountain Park 

reference site (M1; Figure 3). There were no trends observed in total suspended solids (reported as non-

filterable residue) at any sites.  

Figure 3: Total dissolved solids (TDS) concentrations (mg/L) from 2005 to 2016 across different sites on 
the McLeod River. 

Alkalinity and bicarbonate are also higher and increasing at site-exposed sites compared to the 

reference site. Bicarbonate has higher variance downstream of mines (Figure 4). Mean sulphate and 

chloride (anion) concentrations were higher at site-exposed sites compared to reference site and 

farthest downstream at the Whitecourt site (Figure 5). However, chloride concentrations remained 

below the PAL guideline and were decreasing at downstream sites. Sodium, a major cation, was 

increasing at the site-exposed site upstream of Whitehorse Creek (M2) and the highest median 

concentration was at the site 3.5 km D/S Luscar Creek (M4), where there was not enough data to run 
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trend analysis (Figure 6). Fluoride was also increasing at the mine affected site upstream of Whitehorse 

Creek (M2), with many observations at the upstream reference site being below the detection limit 

(M1).  

The site upstream of Whitehorse Creek (M2) is the closest of the downstream sites to the mining activity 

at Cheviot mine. TDS was higher at sites downstream of mine sites (Figure 3) which could be explained 

by an increase in water contact with overburden (Griffith et al., 2012) or natural weathering processes. 

Increasing trends in TDS seem to be driven primarily by an increase in sodium, fluoride and sulphate 

evidenced by those individual ions also increasing at the upstream of Whitehorse Creek (M2) site. 

Bicarbonate is also significantly increasing at the site upstream of Whitehorse Creek (M2) when flow is 

accounted for. At this site, these observed trends are flow adjusted, which means the change is likely 

not due to changes in flow. At other sites downstream of mining activity, less trends were evident. 

However, it is difficult to disentangle whether this is because of increasing distance from mining activity 

or because flow adjusted trends could not be analyzed due to lack of flow data.  

The site 3.5 km downstream of Luscar Creek had high levels of TDS comparable to the closest site 

(upstream of Whitehorse Creek (M2)), so there may be other factors (i.e. legacy effects of Luscar Creek) 

that could be affecting this site. There was not enough data to run trend analysis on this site so it is not 

clear how the water quality of this site has changed over time. The impact of changing groundwater 

influences is also not accounted for in these analyses.  

The far-field Whitecourt site is near the confluence of the McLeod River with the Athabasca River, 

further downstream of mining activity, and it appears that the above trend signals of mining are not 

observed at this site. However, multiple other point and non-point sources are affecting water quality 

here. 
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Figure 4: Bicarbonate concentrations (mg/L) from 2005 to 2016 across different sites on the McLeod 
River. 

 

Figure 5: Mean chloride and sulphate anion concentrations (mg/L) with lines showing standard deviation 
across sites on the McLeod River. 
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Figure 6: Sodium concentrations (mg/L) from 2005 to 2016 across different sites on the McLeod River. 
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Table 3: Trend analysis results for general water chemistry parameters at sites along the McLeod River from 2005-2016. Raw or flow adjusted 
trends indicated.  

Site 
M1 M2 M3 M5 M6 

Raw Flow adjusted Raw Flow adjusted Raw Raw Raw 

Total Alkalinity CaCO3  No trend No trend No trend Increasing* No trend No trend No trend 

Bicarbonate (Calculated)  No trend No trend No trend Increasing* No trend No trend No trend 

Total Calcium  Decreasing* No trend No trend No trend No trend No trend Increasing* 

Dissolved Chloride  -Not assessed- -Not assessed- Decreasing* BDL Decreasing* No trend No trend 

Dissolved Fluoride  No trend BDL No trend Increasing* Decreasing* No trend Decreasing* 

Total Hardness CaCO3  Decreasing* No trend Decreasing* No trend No trend No trend No trend 

Dissolved Oxygen  No trend No trend No trend No trend No trend No trend No trend 

pH (Field) No trend No trend No trend No trend No trend No trend No trend 

Nonfilterable Residue  -Not assessed- -Not assessed- No trend BDL No trend No trend No trend 

Dissolved Silica  No trend No trend No trend No trend No trend No trend -Not assessed- 

Sodium Ion  No trend BDL No trend Increasing* No trend No trend No trend 

Specific Conductance  No trend No trend No trend Increasing* No trend Increasing* Increasing* 

Dissolved Sulphate  No trend No trend Increasing* Increasing* No trend No trend No trend 

Total Dissolved Solids  No trend No trend No trend Increasing* No trend No trend No trend 

*Statistically significant (p-value <0.05).  

BDL= Below Detection Limit; no flow adjusted trends were completed for parameters with censored data.
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3.1.2 Nutrients 

The trend analysis showed no overall change in concentrations of phosphorus (total and dissolved), 

dissolved organic carbon, and two fractions of nitrogen (total Kjeldahl nitrogen and ammonia; Table 4). 

There is a statistically significant increase in dissolved nitrogen (NO3 + NO2) at the first two sites on the 

McLeod River downstream of the Cheviot mine (M2 and M3). Nitrate and nitrite concentrations are 

consistently low at the reference site and are higher at the downstream sites (Figure 7).  Also, beginning 

around 2012, the highest concentration of dissolved nitrogen was at M2 and the second highest 

concentration was at M3 downstream of Cheviot mine (Figure 7). It cannot be determined if the nitrate-

N guideline of 3 mg/L is exceeded at the first downstream site (M2) because dissolved nitrogen fractions 

are not speciated in this data. 

 

Figure 7: Dissolved Nitrogen (NO3+NO2) concentrations (mg/L) from 2005 to 2016 across different sites 
on the McLeod River. 

The elevated levels of dissolved nitrogen could be due to the use of nitrogen-based explosives at the 

Cheviot mine which opened in 2005. Baseline dissolved nitrogen concentrations in the McLeod River 

before Cheviot mining activity were comparable to the reference site concentrations from the current 

study (Noton, 1998). Flow adjusted trends for dissolved nitrogen at the upstream Whitehorse Creek site 

(M2) show that these increasing trends are not explained by higher flow. There are no apparent trends 

in phosphorus or carbon; nitrogen is the main nutrient of concern associated with current mining 

activity. Headwater streams in the upper McLeod basin with past mining activity have been found to 

accrue higher periphyton biomass, with some streams being N-limited (Irvine & Jackson, 2006). There 
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has been evidence of localized effects of nutrient enrichment and visible epilithic algal growth 

downstream of mining activity (Luscar mine, unpublished data), but more information is needed to 

understand the extent. Further monitoring is necessary to confirm the extent of nitrogen contribution to 

nutrient enrichment of the mainstem McLeod River. 

There is no data for dissolved nitrogen at the far-field Whitecourt site, so the full geographic extent of 

impact cannot be determined.  
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Table 4: Trend analysis results for nutrient parameters at sites along the McLeod River from 2005-2016. Raw or flow adjusted trends indicated.  

Site 
M1 M2 M3 M5 M6 

Raw Flow adjusted Raw Flow adjusted Raw Raw Raw 

Dissolved Ammonia  -Not assessed- -Not assessed- No trend BDL No trend No trend No trend 

Dissolved Organic Carbon  No trend No trend No trend No trend No trend No trend No trend 

Dissolved Nitrogen NO3 + NO2 No trend BDL Increasing* Increasing* Increasing* No trend -Not assessed- 

Total Kjeldahl Nitrogen (TKN)  No trend BDL No trend BDL No trend No trend No trend 

Total Phosphorus  No trend BDL No trend BDL No trend No trend No trend 

Total Dissolved Phosphorus  No trend BDL No trend BDL No trend No trend No trend 

*Statistically significant (p-value <0.05).  

BDL= Below Detection Limit; no flow adjusted trends were completed for parameters with censored data.
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3.1.3 Metals 

The McLeod River sites show an increase in total metals at sites downstream of mining activity (Table 5). 

Antimony, arsenic, boron, cadmium, lithium, molybdenum, selenium, silver, strontium, uranium and zinc 

have increased over time since 2005 at sites downstream of the Cheviot mine (M2 and M3; i.e. 

Antimony Figure 8). Boron, lithium, strontium and uranium are also increasing at the McLeod River site 

downstream of Gregg River (M5). Total boron is increasing at all sites except Upstream of Cadomin 

Creek (M3), including the reference site upstream of Mountain Park (M1; Figure 9). Nickel did not show 

any statistically significant trends, however a higher proportion of values fell below the detection limit at 

the site unaffected by mining activity (Appendix E). Barium and tin were both significantly decreasing at 

some downstream sites. Although strontium, uranium and zinc were increasing at site-exposed sites, 

they were found to be statistically significantly decreasing at the reference site. Lithium levels were 

generally high at the site downstream of Luscar Creek (M4) from 2011 onwards where trends could not 

be assessed due to lack of data (Figure 10). 

Arsenic, although increasing at Cheviot site-exposed sites, did not exceed PAL guidelines on any 

sampling events at any sites. Arsenic levels at Whitecourt were higher than all other stations on the 

most occasions, however, this site is influenced by multiple other municipal and industrial inputs. Boron, 

molybdenum, thallium and uranium also remained below surface water quality guidelines. Chromium, 

copper, iron and zinc had exceedances of guidelines at downstream sites and at the far-field site. 

Selenium exceeded the PAL guideline at sites downstream of mining activity, but not at the reference 

site or far-field site at Whitecourt. 

For many of the significant increasing trends at the site closest in proximity downstream of mining 

activity (upstream Whitehorse Creek (M2)) were also significant when flow was accounted for. 

Therefore, in general metal trends are likely not attributable to changes in flow. In addition, non-

filterable residue did not increase at this site, so increases in total metals are unlikely to be strongly 

influenced by increased suspended solids. Increases in boron at most of the sites may be attributable to 

groundwater influences since this trend is also seen at the reference site, however this interaction was 

not assessed.  

Several metals had a spike in concentration on June 20, 2013 (i.e. copper, chromium, iron, silver, and 

zinc) however this is likely attributed to high total suspended solids concentrations on this date due to a 

storm event when the river was at near bank full (Figure 11).  
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Figure 8: Antimony concentrations (μg/L) from 2005 to 2016 across different sites on the McLeod River. 

 

Figure 9: Boron concentrations (μg/L) from 2005 to 2016 across different sites on the McLeod River. 
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Figure 10: Lithium concentrations (μg/L) from 2005 to 2016 across different sites on the McLeod River. 
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Table 5:  Trend analysis results for metal parameters at sites along the McLeod River from 2005-2016. Raw or flow adjusted trends indicated.  

Site 
M1 M2 M3 M5 M6 

Raw Flow adjusted Raw Flow adjusted Raw Raw Raw 

Total Aluminum  No trend No trend No trend No trend No trend No trend No trend 

Total Antimony  No trend No trend Increasing* Increasing* Increasing* No trend No trend 

Total Arsenic  No trend BDL Increasing* Increasing* Increasing* No trend No trend 

Total Barium  No trend No trend No trend Decreasing* No trend No trend No trend 

Total Beryllium  Increasing* BDL No trend BDL No trend No trend No trend 

Total Bismuth  No trend BDL No trend BDL No trend No trend No trend 

Total Boron  Increasing* Increasing* Increasing* Increasing* No trend Increasing* Increasing* 

Total Cadmium  No trend BDL Increasing* Increasing* No trend No trend No trend 

Total Chromium  No trend BDL No trend BDL No trend No trend No trend 

Total Cobalt  No trend BDL No trend BDL No trend No trend No trend 

Total Copper  No trend No trend No trend No trend No trend No trend No trend 

Total Iron  Increasing* BDL No trend BDL No trend No trend No trend 

Total Lead  No trend BDL No trend BDL No trend No trend No trend 

Total Lithium  No trend No trend Increasing* Increasing* Increasing* Increasing* No trend 

Total Manganese  No trend BDL No trend No trend No trend No trend No trend 

Total Molybdenum  No trend No trend Increasing* Increasing* Increasing* No trend Increasing* 

Total Nickel  No trend BDL No trend BDL No trend No trend No trend 

Total Selenium  No trend BDL Increasing* Increasing* Increasing* No trend No trend 

Total Silver  Increasing* BDL Increasing* BDL Increasing* No trend No trend 

Total Strontium  Decreasing* No trend No trend Increasing* No trend Increasing* No trend 

Total Thallium  No trend BDL No trend BDL No trend No trend No trend 

Total Thorium  No trend BDL No trend BDL No trend No trend No trend 

Total Tin  Decreasing* BDL No trend BDL Decreasing* Decreasing* No trend 

Total Titanium  No trend No trend No trend No trend No trend No trend No trend 

Total Uranium  No trend Decreasing* Increasing* Increasing* Increasing* Increasing* No trend 

Total Vanadium  No trend BDL No trend No trend No trend No trend No trend 

Total Zinc  Decreasing* BDL Increasing* No trend No trend No trend No trend 

*Statistically significant (p-value <0.05).  

BDL= Below Detection Limit; no flow adjusted trends were completed for parameters with censored data.
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Figure 11: Silver concentrations (μg /L) from 2005 to 2016 across different sites on the McLeod River. 
Peak in concentration at all sites in 2013 indicates storm event on June 20, 2013. 

Red line indicates surface water quality guideline.  

3.1.4 Selenium 

Selenium (Se) concentrations were measured above the PAL guideline at sites downstream of mining 

activity (Figure 12). Background levels of Se were below the PAL guideline at the reference site on the 

McLeod River (M1) as well as the far-field site near the mouth of the McLeod River (M6 at Whitecourt). 

A few sampling events at the McLeod River reference site fell below the analytical detection limits. 

At the closest site downstream of mining activity (M2), Se concentrations were significantly increasing 

including when flow is corrected for. The next site (M3) also observed a significant increasing trend, 

however flow data was not available for flow adjustment at this site. At the site downstream of Gregg 

River (M5), there are no significant trends in Se, however Se levels exceeded the guideline on multiple 

sampling dates between 2005 and 2016. The sites with increasing Se levels downstream of Cheviot were 

above the guideline on a few occasions and up to 6 μg/L. The far-field site at Whitecourt did not exceed 

the PAL guideline, and therefore may show that the zone of impact is further upstream. However, the 

spatial resolution of the site-exposed sites was unable to distinguish the exact distance of impact. 

In Casey (2005) prior to the opening of Cheviot, the site upstream of Cadomin Creek (M3) was a 

reference site (unaffected by mining) and concentrations of Se were less than the PAL guideline from 

mid-1980s to 2003. From 2005-2016, Se is significantly increasing at the same site. Baseline studies that 
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precede mining activity in the Cardinal Divide area showed that Se levels in the McLeod River and other 

tributaries were below or very near to detection limits (Noton, 1998). There may be limitations in the 

interpretation of these historic results because of changes in analytical detection limits and 

methodology since. The site downstream of Luscar Creek (M4) that has data from 2011-2016 remained 

above the guideline on most sampling dates. This site did not have enough data to determine long-term 

trends, however high concentrations could be related to cumulative effects from the Cheviot mine 

combined with legacy impacts of Luscar mine. 

 

Figure 12: Selenium concentrations (μg/L) from 2005 to 2016 across different sites on the McLeod 
River.1 

Red line indicates surface water quality guideline. 
1The selenium guideline of 2 µg/L (red line) has an additional alert concentration of 1 µg/L to allow proactive monitoring or 
management of potential impacts (Alberta Government, 2018). 
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3.2 Trends in the Gregg River and Luscar Creek 
3.2.1 General Water Chemistry 

Changes in general water chemistry differed between Luscar Creek and Gregg River, and these changes 

are different than in the McLeod River (Tables 3 and 6). TDS were significantly increasing downstream of 

mining activity in the McLeod River, but there were no significant trends detected at tributary sites or 

upstream (Figure 13). In Luscar Creek, there was an increase in dissolved chloride at the site 

downstream of the Luscar mine for raw trend analysis results. Chloride concentrations did not exceed 

the PAL guideline at downstream sites.  

As of 2004, Luscar mine has no active mining on the site, however there may be effects of the coal 

processing plant still active on the property. Total dissolved solids (TDS) and its components aside from 

chloride are not significantly changing in the upstream or downstream Luscar Creek sites. 

In the Gregg River, chloride, fluoride, hardness and silica are significantly decreasing downstream of the 

Gregg River mine. The more progressed reclamation process at Gregg River mine could be allowing for 

the recovery of select surface water quality parameters that are still increasing in Luscar Creek (e.g. 

chloride). In the site-exposed sites on the McLeod River, fluoride is also increasing. It is difficult to assess 

whether the decreasing parameters in the downstream Gregg River site signal an improvement in water 

quality due to mine reclamation given the large size of the catchment. 

 

 

 

 

 

 

 



 

 Water quality in the McLeod River as an indicator for mining impacts and reclamation success (2005 to 2016)  28 

 

 Classification: Public 

  

Figure 13: Trends for total dissolved solids (TDS) across watersheds for each sampling station in 
the McLeod Watershed. *significant p-value <0.05 
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Table 6: Trend analysis results for general water chemistry parameters at sites upstream and downstream of inactive mining sites (Luscar and 
Gregg River mines) from 2005-2016.  

Site 
Luscar Upstream Luscar Downstream Gregg Upstream Gregg Downstream 

Raw 
Flow 

adjusted 
Raw 

Flow 
adjusted 

Raw 
Flow 

adjusted 
Raw 

Flow 
adjusted 

Total Alkalinity CaCO3  No trend No trend No trend No trend No trend No trend No trend No trend 

Bicarbonate (Calculated)  No trend No trend No trend No trend No trend No trend No trend No trend 

Total Calcium  No trend No trend No trend No trend No trend No trend No trend No trend 

Dissolved Chloride  -Not assessed- -Not assessed- Increasing* BDL -Not assessed- -Not assessed- Decreasing* Decreasing* 

Dissolved Fluoride  No trend BDL No trend No trend No trend BDL Decreasing* Decreasing* 

Total Hardness CaCO3  Decreasing* No trend No trend No trend No trend No trend Decreasing* Decreasing* 

Dissolved Oxygen  No trend No trend No trend No trend No trend No trend No trend No trend 

pH (Field) No trend No trend No trend No trend No trend No trend No trend No trend 

Nonfilterable Residue  No trend BDL No trend BDL -Not assessed- -Not assessed- No trend BDL 

Dissolved Silica  No trend No trend No trend No trend No trend No trend Decreasing* Decreasing* 

Sodium Ion  No trend BDL No trend No trend No trend BDL No trend No trend 

Specific Conductance  No trend No trend No trend No trend No trend No trend No trend No trend 

Dissolved Sulphate  No trend No trend No trend No trend No trend No trend No trend No trend 

Total Dissolved Solids  No trend No trend No trend No trend No trend No trend No trend No trend 

*Statistically significant (p-value <0.05).  

BDL= Below Detection Limit; no flow adjusted trends were completed for parameters with censored data.
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3.2.2 Nutrients 

Nitrogen analytes are decreasing in downstream sites in the Luscar Creek and Gregg River including 

dissolved nitrogen (NO3 + NO2) decreasing downstream of Luscar and Gregg River mines, and total 

Kjeldahl nitrogen (TKN) decreasing downstream of Luscar mine (Table 7). With no active mining 

occurring at either the Luscar or Gregg River mines, there is no explosive use in the area, which would 

decrease the amount of nitrate inputs into nearby receiving waters. Dissolved nitrogen is increasing in 

sites downstream of active mining but decreasing in sites downstream of sites undergoing reclamation 

(Figure 14). This could signal that the use of explosives likely plays a primary role in the elevated 

nitrogen levels in waters downstream of mining activity similar to in the Elk Valley region (Mahmood et 

al., 2017). A decrease in N analytes could also change biological responses, however creeks affected by 

historical mining activity can have higher algal growth than creeks unaffected by mining activity (Irvine & 

Jackson, 2006). Further research on the ecological impacts of changing N levels is needed to understand 

the legacy eutrophication effects of mining activities in the McLeod watershed. 
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Figure 14: Trends for dissolved nitrogen (NO3+NO2) across watersheds for each sampling station in the 
McLeod Watershed. There is no data at station M6. *significant p-value <0.05 
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Table 7: Trend analysis results for nutrient parameters at sites upstream and downstream of inactive mining sites (Luscar and Gregg River mines) 
from 2005-2016.  

Site 
Luscar Upstream Luscar Downstream Gregg Upstream Gregg Downstream 

Raw Flow adjusted Raw Flow adjusted Raw Flow adjusted Raw Flow adjusted 

Dissolved Ammonia  -Not assessed- -Not assessed- No trend BDL -Not assessed- -Not assessed- No trend BDL 

Dissolved Organic Carbon  No trend BDL No trend No trend No trend BDL No trend BDL 

Dissolved Nitrogen NO3 + NO2  No trend BDL Decreasing* Decreasing* No trend No trend Decreasing* Decreasing* 

Total Kjeldahl Nitrogen (TKN)  No trend BDL Decreasing* BDL No trend BDL No trend BDL 

Total Phosphorus  No trend No trend No trend No trend No trend BDL No trend BDL 

Total Dissolved Phosphorus  No trend No trend No trend BDL No trend BDL No trend BDL 

*Statistically significant (p-value <0.05).  

BDL= Below Detection Limit; no flow adjusted trends were completed for parameters with censored data. 
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3.2.3 Metals 

Since 2005, several metals have significantly decreased at downstream sites on Luscar Creek and Gregg 

River (Table 8). Downstream sites on Luscar Creek and Gregg River have decreased in the following 

metals since 2005: antimony, barium, molybdenum, selenium, and uranium. Some metals increased at 

the downstream Luscar Creek site including boron, cobalt, manganese, and strontium. At the 

downstream Luscar Creek site, arsenic, cadmium, chromium and zinc also significantly decreased. At the 

upstream Luscar Creek site, silver increased but selenium and zinc also decreased.  

Arsenic, boron, molybdenum, silver, thallium and uranium did not exceed the PAL guidelines on any 

sampling occasions at either the upstream or downstream on Luscar Creek. Total chromium exceeded 

the guideline for hexavalent chromium at the downstream Luscar Creek site on the high flow event in 

2013. Since data for hexavalent chromium was not collected, this exceedance may not be applicable, 

however highlights a high concentration event. Zinc exceeded the PAL guideline at the downstream 

Luscar Creek site on the one high flow event in 2013. 

Gregg River has additional trends different than those observed at Luscar Creek. At the Gregg River 

downstream site, aluminum, titanium and vanadium significantly decreased. At the Gregg River 

upstream site, aluminum increased compared to downstream where it decreased. Boron, lithium and 

silver increased at both upstream and downstream sites. Raw trends for iron at the Gregg River 

upstream site indicate an increasing trend, however this is likely driven by high flow events in 2012 and 

2013 (see Appendix C). Many metals had values below the detection limit and therefore flow adjusted 

trends were not able to be assessed. 

Arsenic, boron, molybdenum, silver, thallium and uranium did not exceed PAL guidelines at the 

downstream or upstream sites on Gregg River. Copper and zinc exceeded their respective guidelines at 

the Gregg River downstream site on a select few occasions, likely associated with high flow sampling 

dates. Chromium and iron exceeded their respective guidelines at both upstream and downstream 

Gregg River sites on the same sampling days, likely due to high flow events. Selenium remained above 

its PAL guideline on all sampling dates at downstream sites on both Gregg River and Luscar Creek and 

this does not appear to be explained by flow. 

Metals that are decreasing at downstream sites in both tributaries could suggest a good signal of 

reclamation progress. Specifically, antimony, molybdenum, selenium, and uranium are increasing 

downstream of active mining on the McLeod River and are decreasing downstream of reclamation in 

tributaries (Figures 15 through 18). These four parameters could therefore be metal signals for water 

quality changes after mining activity subside and reclamation processes begin. 

At the upstream Luscar Creek site, the decreasing of selenium and zinc may be attributed to a decrease 

in dust deposition of the total form of these metals from haul roads since mining activity has subsided. 

However, most of the Se has appeared to be in dissolved form (Casey & Siwik, 2000), which was not part 

of this monitoring program. Natural groundwater could also be influencing changes in metals at 

upstream sites. Luscar Creek has a smaller potential for dilution because it is smaller in size than Gregg 

River, so that could also affect the dilution potential for groundwater influences. Parameters that 
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increased in the downstream Luscar Creek site that did not increase in the downstream Gregg River site 

(arsenic, chromium, and zinc) may be indicators of the effect of the coal processing plant that still exists 

at the mine site or the fact that Gregg River mine is further progressed in reclamation. 
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Figure 15: Trends for total antimony across watersheds for each sampling station in the McLeod 
Watershed. *significant p-value <0.05 
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 Figure 16: Trends for total molybdenum across watersheds for each sampling station in the McLeod 
Watershed. *significant p-value <0.05 
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Trends for Total Selenium 

 Figure 17: Trends for total selenium across watersheds for each sampling station in the McLeod 
Watershed. *significant p-value <0.05 
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 Figure 18: Trends for total uranium across watersheds for each sampling station in the McLeod 

Watershed. *significant p-value <0.05 
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Table 8: Trend analysis results for metal parameters at sites upstream and downstream of inactive mining sites (Luscar and Gregg River mines) from 2005-2016.  

Site 
Luscar Upstream Luscar Downstream Gregg Upstream Gregg Downstream 

Raw Flow adjusted Raw Flow adjusted Raw Flow adjusted Raw Flow adjusted 

Total Aluminum  No trend No trend No trend No trend Increasing* Increasing* No trend Decreasing* 

Total Antimony  No trend No trend Decreasing* Decreasing* No trend No trend Decreasing* Decreasing* 

Total Arsenic  No trend No trend No trend Decreasing* No trend BDL No trend No trend 

Total Barium  No trend No trend Decreasing* Decreasing* No trend No trend Decreasing* Decreasing* 

Total Beryllium  No trend BDL No trend BDL No trend BDL No trend BDL 

Total Bismuth  No trend BDL No trend BDL No trend BDL No trend BDL 

Total Boron  No trend No trend Increasing* Increasing* Increasing* Increasing* Increasing* Increasing* 

Total Cadmium  No trend No trend Decreasing* Decreasing* No trend BDL No trend BDL 

Total Chromium  No trend BDL No trend Decreasing* No trend BDL No trend BDL 

Total Cobalt  No trend BDL Increasing* BDL No trend BDL No trend BDL 

Total Copper No trend BDL No trend No trend No trend BDL No trend No trend 

Total Iron  -Not assessed- BDL No trend BDL Increasing* BDL No trend BDL 

Total Lead  No trend BDL No trend BDL No trend BDL No trend BDL 

Total Lithium  No trend No trend No trend No trend No trend Increasing* No trend Increasing* 

Total Manganese  No trend BDL Increasing* BDL No trend BDL No trend No trend 

Total Molybdenum  No trend No trend Decreasing* Decreasing* Decreasing* Decreasing* Decreasing* Decreasing* 

Total Nickel  No trend BDL No trend No trend -Not assessed- -Not assessed- No trend BDL 

Total Selenium  Decreasing* No trend Decreasing* Decreasing* No trend BDL Decreasing* Decreasing* 

Total Silver  Increasing* BDL No trend BDL Increasing* BDL Increasing* BDL 

Total Strontium  No trend No trend Increasing* Increasing* No trend No trend No trend No trend 

Total Thallium  No trend BDL No trend BDL No trend BDL No trend BDL 

Total Thorium  No trend BDL No trend BDL No trend BDL No trend BDL 

Total Tin  No trend BDL No trend BDL No trend BDL No trend BDL 

Total Titanium  No trend No trend No trend No trend No trend No trend No trend Decreasing* 

Total Uranium  No trend No trend Decreasing* Decreasing* No trend No trend No trend Decreasing* 

Total Vanadium  No trend No trend No trend No trend No trend No trend Decreasing* Decreasing* 

Total Zinc  Decreasing* BDL Decreasing* BDL Decreasing* BDL No trend BDL 

*Statistically significant (p-value <0.05).  

BDL= Below Detection Limit; no flow adjusted trends were completed for parameters with censored data. 
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3.2.4 Selenium 

Selenium (Se) concentrations measured downstream of mines in Luscar Creek and Gregg River 

significantly decreased between 2005 and 2016. Although downstream of inactive mining sites have 

decreasing levels of Se, concentrations are still above the PAL guideline and these exceedances do not 

appear to be explained by high flow events (Figure 19). Se concentrations downstream of Luscar Creek 

were around 30 μg/L in 2005, and have decreased to around 10 μg/L which is still well above the 

guideline of 2 μg/L and the alert concentration guideline of 1 μg/L.  At the site downstream of mining on 

the Gregg River, Se levels are not as high, but still exceed guidelines at around 5 μg/L in 2016. 

Meanwhile, Se levels upstream of mining activity on Gregg River and Luscar Creek remained below the 

guideline on all occasions on Gregg River and most occasions on Luscar Creek. The upstream Luscar 

Creek site may be influenced by dust deposition at the mine which has decreased in recent years. 

 

Red line indicates surface water quality guideline. 

3.3 Upstream/Downstream Comparison 
 
Significant differences between upstream and downstream sites on the Gregg River and Luscar Creek 

indicate that there may be a legacy effect of mining in these tributaries highlighting the sensitivity of 

small headwater creeks. Between 1998 and 2003, median concentrations of 5 metals in Luscar Creek 

and 10 metals in the tributaries of Gregg River were higher at mine-exposed sites (Casey, 2005). Higher 

Figure 19: Selenium concentrations (μg/L) from 2005-2016 across sites on Gregg River and Luscar Creek.  
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levels of many metals are seen in downstream sites in the current study (Table 9), indicating that mine 

effects have been long lasting, even though they are both undergoing reclamation and certain water 

quality parameters are decreasing.  

In Luscar Creek, most metals had greater concentrations at the site downstream of Luscar mine than the 

upstream site. Antimony, lithium and manganese medians were greater than 1000% higher at 

downstream sites. Other parameters that were greater than 1000% higher at the downstream site 

include dissolved nitrogen (NO3+NO2). Sodium was over 7000% higher at the downstream site in Luscar 

Creek. 

In Gregg River, the median concentration for antimony was over 3000% greater, and sodium was over 

6000% higher at the downstream sampling site than upstream of mining activity. 

Antimony concentrations were over 3000% higher at sites downstream from mining activity in both 

tributaries over the sampling period. Antimony is significantly decreasing at downstream sites, however 

the difference between upstream and downstream in data between 2005 and 2016 is still stark. This 

further supports the use of antimony as an indicator of mining effects since the difference between 

upstream and downstream is apparent and the parameter has decreased since the beginning of 

reclamation efforts. Dissolved nitrogen was more elevated at the downstream Luscar Creek site than at 

the downstream Gregg River site. (~2000% and ~300% respectively). This could be an artifact of 

watershed size and differences in site distances downstream of mining activity between the two 

tributaries, or it could indicate higher historic dissolved nitrogen levels from more intensive blasting in 

the area. Ions such as sodium are also much higher at downstream sites indicating that mining activity 

has an impact on total dissolved solids and its components. 

Selenium concentrations are significantly higher at sites downstream from mining activity on Gregg 

River and Luscar Creek (Figure 20). Upstream sites have lower variance and typically concentrations 

remain below guidelines for surface water quality. Downstream sites demonstrate a higher variance, 

and all samples measured between 2005 and 2016 were above alert surface water quality guideline for 

selenium of 1 μg/L and most were above the guideline of 2 μg/L. Luscar Creek had higher overall 

concentrations than Gregg River. In the watershed delineation of the downstream Luscar Creek site 

(Figure 21), there is a greater proportional area of mine disturbance than the downstream Gregg River 

site (Figure 22). Additionally, the downstream site on Gregg River is further downstream from historical 

mining activity (i.e. 7.8 km downstream), and until mid-2013 was diverted around the end pit lake, A-

North, in a culvert (WindWard Environmental, 2013). This diversion may have decreased inputs of Se 

into the river during sampling that could be present in more recent years.  

 



 

 Water quality in the McLeod River as an indicator for mining impacts and reclamation success (2005 to 2016)  42 

 

 Classification: Public 

 

Figure 20: Boxplots of selenium concentrations (μg/L) at upstream and downstream sites on the Gregg 
River and Luscar Creek. 

Red line indicates surface water quality guideline. 
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Figure 21: Watershed delineation for the catchment of Luscar Creek downstream site (L2). 
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 Figure 22: Watershed delineation for the catchment of Gregg River downstream site (G2). 
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Table 9: Summary of percentage of change between upstream and downstream median concentrations 
of parameters measured on the Gregg River and Luscar Creek with data from 2005 to 2016. 

 

Site Gregg River Percentage of Change Luscar Creek Percentage of Change 

Total Alkalinity CaCO3  87%* 120%* 

Total Aluminum  119%* 393%* 

Dissolved Ammonia BDL BDL 

Total Antimony  3136%* 3758%* 

Total Arsenic  232%* 604%* 

Total Barium  74%* 3% 

Total Beryllium  BDL BDL 

Bicarbonate (Calculated)  79%* 110%* 

Total Bismuth  BDL BDL 

Total Boron  100%* 198%* 

Total Cadmium  124%* 36%* 

Total Calcium  23%* -40%* 

Dissolved Organic Carbon  BDL 83%* 

Total Chromium  48%* 115%* 

Total Cobalt  BDL BDL 

Total Copper  95%* 74%* 

Dissolved Fluoride  -20%* 91%* 

Total Hardness CaCO3  34%* -40%* 

Total Iron  338%* BDL 

Total Lead 85%* 363%* 

Total Lithium 537%* 1095%* 

Total Manganese 315%* 3201%* 

Total Molybdenum 287%* 147%* 

Total Nickel BDL BDL 

Dissolved Nitrogen NO3 + NO2  318%* 2042%* 

Total Kjeldahl Nitrogen (TKN)  BDL BDL 

Dissolved Oxygen  0% -8%* 

pH (Field) 4%* 6%* 

Total Phosphorus 0% -15% 

Total Dissolved Phosphorus 0% -55%* 

Nonfilterable Residue BDL BDL 

Total Selenium 786%* 889%* 

Dissolved Silica 46%* -12%* 

Total Silver 90%* 80%* 

Sodium ion 6100%* 7180%* 

Specific Conductance 90%* 82%* 

Total Strontium 92%* 185%* 
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Dissolved Sulphate 113%* 31%* 

Total Thallium 79%* 128%* 

Total Thorium 104%* 120%* 

Total Tin BDL BDL 

Total Titanium 85%* 91%* 

Total Dissolved Solids 107%* 81%* 

Total Uranium 132%* 25%* 

Total Vanadium 67%* 160%* 

Total Zinc 69%* 26%* 

*= significant difference detected between upstream and downstream concentrations (p-value < 0.05). 

BDL= Below Detection Limit, parameters with >50% censored data were not analyzed. 

 

3.4 Selenium Zone of Impact 
When accounting for the cumulative effects of multiple mines at different phases of operation in the 

McLeod Watershed, there are complex interactions between multiple mine-exposed tributaries (e.g. 

Gregg River and Luscar Creek) as well as the mine-exposed McLeod River itself. Also, the following 

assessment is based on site-specific evaluation and generalizations should be cautioned against. The 

zone of impact is defined in this report simply as the geographic extent where the PAL guideline is 

exceeded. The zone of impact can change over time due to other influences (e.g. precipitation, 

seasonality) and is expected to change as mines are reclaimed.  

Luscar Creek 

In Luscar Creek, Se concentrations at L2, located approximately 4.8 km downstream of the downstream 

edge of the Luscar Mine footprint (Figure 2), consistently exceeded the PAL guideline for the study 

period (Figure 19). Se concentrations at M4, located on the McLeod River approximately 1.8 km 

downstream of the confluence of Luscar Creek also exceeded the guideline during the majority of 

sampling events (Figure 12). Adding the total river distance of both Luscar Creek and the McLeod River 

between the edge of the Luscar mine footprint and M4, the zone of impact for Luscar is at least 6.7 km. 

It is noteworthy that M4 is downstream of both Luscar Mine and Cheviot Mine, and the cumulative 

impacts of those two mines have not been separated. 

Gregg River 

Results on the Gregg River show that total Se concentrations at G2, approximately 7.8 km downstream 

of the downstream edge of the Gregg River Mine footprint (Figures 2), consistently exceeded the PAL 

guideline for the study period (Figure 19). By contrast, total Se concentrations at M5, on the McLeod 

River approximately 1.7 km downstream of the confluence of the Gregg River, often exceeded the PAL 

guideline for the period of the study. Taken together with the total river distance of 28.7 km between 

the edge of the Gregg River mine footprint and M5, these results suggest that the zone of impact for Se 

for Gregg River is at least 28.7 km. M5 is downstream of Gregg River Mine but also Luscar Creek and 
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Cheviot Mine. The extent that the zone of impact (for Se) extends downstream of M5 towards the most 

far-field site (Figure 12) is not currently understood and warrants further study.  

McLeod River 

On the McLeod River, the far-field site at Whitecourt (M6) which is 138.9 km downstream of M5 did not 

exceed the PAL guideline (Figure 12), and therefore it may indicate that the zone of impact (i.e. PAL 

guideline exceedances) is further upstream. However, the spatial resolution of the exposed sites on the 

McLeod River were unable to distinguish the exact distance of impact. Between site M5 and the far-field 

site M6, the confluence of the Embarras River joins the McLeod River. This would be expected to further 

add to the volume of the McLeod River (i.e. estimated average discharge of 398,000,000 m3 annually; 

for the period 2005 to 2016) and reduce the influence further downstream. However, more sampling 

would be required to delineate the geographic extent of the Se guideline exceedances. 

3.5 Seasonality 
Most water quality parameters displayed significant seasonality across months of the year however 

seasonality was not summarized extensively in this report. A few metals did not display seasonality (e.g. 

tin, bismuth, beryllium, silver). About half the sites did not display seasonality patterns for dissolved 

nitrogen (NO3 & NO2) which may be associated with the sporadic use of explosives. As an example of 

seasonality in the McLeod River, total dissolved solids were higher in winter months (February and 

March) than the rest of the year (Figure 23). Other parameters higher in winter months included 

parameters related to pH (e.g. bicarbonate, hardness and alkalinity), some metals (e.g. lithium, 

selenium, strontium and uranium) and ions (e.g. calcium, chloride, silica, sodium and sulphate). 

Dissolved nitrogen (NO3 & NO2) was also higher in winter months at some sites, and total ammonia was 

highest at the Whitecourt site in January and February. High concentrations of Se in the winter months 

can increase its toxicity to fish because in combination with low temperatures, elevated Se can cause 

reduced activity and body lipid depletion (Lemly, 1993). Seasonality in many parameters indicate that 

monitoring programs should account for ecological effects in the context of seasonal differences in 

water quality. 
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Figure 23: Seasonality of total dissolved solids (TDS; mg/L) at McLeod River station upstream of Cadomin 
Creek (M3) in months February-March and May-October.
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4.  Summary and Conclusions 

This report collates surface water quality data and trend results from collection basins that are affected 

by active mining in the McLeod River watershed as well as basins that have undergone reclamation 

processes between 2005 and 2016. In doing so, connections were made between the impacts of mining 

over time and the progress of reclamation processes in the watershed. Indicators of these impacts and 

successes were determined. Water quality parameters that had significant increasing trends 

downstream of active mining may be good indicators of mining impacts. Similarly, water quality 

parameters that had significant decreasing trends downstream of reclamation activities may be early 

indicators of reclamation success. In particular, parameters that were both increasing downstream of 

active mining in the McLeod River and concurrently decreasing downstream of mines undergoing 

reclamation in its tributaries (Gregg River and Luscar Creek) could be identified as signals of water 

quality changes after mining activity subsides and reclamation processes take over. 

 The following significant trends in the McLeod River downstream of Cheviot mine from 2005 to 

2016 may indicate impacts from mining activity:  

o 11 metals increasing- Antimony, arsenic, boron, cadmium, lithium, molybdenum, 

selenium, silver, strontium, uranium and zinc 

o Dissolved nitrogen (NO3+NO2) increasing 

o TDS and components increasing 

 The following parameters are increasing downstream of active mining on the McLeod River and 

also decreasing downstream of reclamation in tributaries (Luscar Creek and Gregg River) after 

the termination of mining activity and may indicate signals of reclamation success: 

o Metals- Antimony, molybdenum, selenium and uranium  

o Nutrients- Dissolved nitrogen (NO2+NO3) 

 Guideline exceedances are summarized in Table 10. The highest number of exceedances at sites 

downstream of mining activity are selenium, chromium, iron, copper, zinc and silver.
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Table 10: Number of guideline exceedances observed for variables with PAL Surface Water Quality 
Guidelines at upstream and downstream sites on the McLeod River, Gregg River and Luscar Creek. Site 

type U/S= upstream of mining activity, D/S= downstream of mining activity. D/S for McLeod River 
includes M2, M3, M4, M5, and M6. 

 
McLeod River Gregg River Luscar Creek 

Site Type U/S D/S U/S D/S U/S D/S 

Number of Samples n=50 n=220 n=57 n=58 n=57 n=58 

Total Arsenic 0 0 0 0 0 0 

Total Boron 0 0 0 0 0 0 

Dissolved Chloride 0 0 0 0 0 0 

Total Chromium 0 12 3 3 0 1 

Total Copper 0 7 0 3 0 0 

Total Iron 0 10 1 3 0 0 

Total Molybdenum 0 0 0 0 0 0 

Dissolved Oxygen 0 2 0 0 0 0 

Total Selenium 0 46 0 56 15 58 

Total Silver 0 4 0 0 0 0 

Total Thallium 0 0 0 0 0 0 

Total Uranium 0 0 0 0 0 0 

Total Zinc  0 6 0 3 0 1 

 

 Elevated selenium levels have occurred in sites downstream of active mining, similarly to past 

studies (i.e. Casey & Siwik, 2000 and Casey, 2005). Selenium levels downstream of reclamation 

activities have decreased but are still elevated above reference conditions and above PAL 

guidelines. 

 Surface water quality data from 2005 to 2016 showed most metal and dissolved solids 

concentrations were higher at sites downstream of past mining activity than upstream reference 

sites in Gregg River and Luscar Creek. 

 It is recommended that water quality be sampled simultaneously with flow data so flow-

adjusted trends can be assessed at all sites. In addition, monitoring programs should account for 

seasonality in water quality data. An adaptive monitoring program will allow for enhanced site 

selection to account for the delineation of impacts and tracking the trajectory of trends found in 

this report. 

 Further research is required to assess the impacts of elevated levels of variables and their use as 

indicators of mining activity and reclamation progress. Measures to assess the use of indicators 

at the regulatory level before entering the receiving waters should be investigated.
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6. Appendices 

Appendix A: Line graphs for all parameters in analysis for McLeod River 
 

Note: Red line indicates surface water quality guidelines, where applicable. No red line was applied to 

the graph for Boron because the scale was too different to visualize effectively and all concentrations 

remained well below the guideline. The site labels are described in Table 1 of the report.  Censored 

values are imputed using ROS methods and indicated by a triangle point. 

General Water Chemistry  
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Nutrients 
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Appendix B: Boxplots for all parameters in analysis for McLeod River 
 

Note: Red line indicates surface water quality guidelines, where applicable. No red line was applied to 

the graph for Boron because the scale was too different to visualize effectively and all concentrations 

remained well below the guideline. Number of samples is indicated by n. The site labels on the x-axis are 

described in Table 1 of the report. The boxplot compactly displays the distribution of a variable. The 

lower and upper hinges are the 25th and 75th percentiles (the first and third quartiles). The upper and 

lower whiskers extend to the largest and smallest value no further than 1.5* the interquartile range. 

Data beyond are considered outliers and plotted as points. 
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Appendix C: Line graphs for all parameters in analysis for Gregg River and 

Luscar Creek 
 

Note: Red line indicates surface water quality guidelines, where applicable. No red line was applied to 

the graph for Boron because the scale was too different to visualize effectively and all concentrations 

remained well below the guideline. Censored values are imputed using ROS methods and indicated by a 

triangle point. 

 

General Water Chemistry  
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Appendix D: Boxplots for all parameters in analysis for Gregg River and 

Luscar Creek 
 

Note: Red line indicates surface water quality guidelines, where applicable. No red line was applied to 

the graph for Boron because the scale was too different to visualize effectively and all concentrations 

remained well below the guideline. Number of samples is indicated by n. The boxplot compactly displays 

the distribution of a variable. The lower and upper hinges are the 25th and 75th percentiles (the first and 

third quartiles). The upper and lower whiskers extend to the largest and smallest value no further than 

1.5* the interquartile range. Data beyond are considered outliers and plotted as points. 
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Appendix E: Percentage of Values Below Detection Limit (BDL) 

VARIABLE NAME 

GREGG RIVER LUSCAR CREEK MCLEOD RIVER 

Gregg 
U/S 

Gregg 
D/S 

Luscar 
U/S 

Luscar 
D/S 

M1 M2 M3 M4 M5 M6 

TOTAL ALKALINITY CACO3  0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

TOTAL ALUMINUM  0% 0% 0% 0% 0% 0% 0% 4% 0% 0% 

DISSOLVED AMMONIA 88% 76% 88% 70% 91% 57% 70% 72% 65% 29% 

TOTAL ANTIMONY  0% 0% 0% 0% 0% 0% 0% 4% 0% 0% 

TOTAL ARSENIC  2% 0% 0% 0% 2% 0% 0% 0% 0% 0% 

TOTAL BARIUM  0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

TOTAL BERYLLIUM  74% 52% 75% 31% 62% 42% 53% 52% 51% 31% 

BICARBONATE (CALCULATED)  0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

TOTAL BISMUTH  63% 57% 65% 53% 62% 58% 63% 56% 51% 47% 

TOTAL BORON  0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

TOTAL CADMIUM  12% 2% 0% 0% 2% 0% 0% 4% 0% 0% 

TOTAL CALCIUM  0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

DISSOLVED ORGANIC CARBON  51% 2% 16% 0% 0% 0% 0% 0% 0% 0% 

DISSOLVED CHLORIDE 93% 0% 87% 2% 91% 52% 63% 4% 11% 0% 

TOTAL CHROMIUM  5% 7% 19% 0% 18% 6% 6% 4% 14% 4% 

TOTAL COBALT  65% 24% 74% 2% 30% 8% 22% 4% 20% 4% 

TOTAL COPPER  2% 0% 2% 0% 0% 0% 0% 0% 0% 0% 

DISSOLVED FLUORIDE  2% 0% 9% 0% 13% 0% 0% 0% 0% 0% 

TOTAL HARDNESS CACO3  0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

TOTAL IRON  46% 29% 56% 9% 32% 12% 22% 20% 18% 65% 

TOTAL LEAD 14% 10% 11% 2% 4% 6% 8% 4% 2% 0% 

TOTAL LITHIUM 0% 0% 0% 0% 0% 0% 0% 4% 0% 0% 

TOTAL MANGANESE 2% 0% 2% 0% 2% 0% 0% 0% 0% 0% 
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TOTAL MOLYBDENUM 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

TOTAL NICKEL 82% 7% 60% 0% 56% 12% 37% 28% 35% 18% 

DISSOLVED NITROGEN NO3 + NO2  0% 0% 2% 0% 2% 0% 0% 0% 0% NA 

TOTAL KJELDAHL NITROGEN (TKN)  80% 41% 67% 28% 60% 29% 51% 60% 27% 0% 

DISSOLVED OXYGEN  0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

PH (FIELD) 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

TOTAL PHOSPHORUS 31% 18% 0% 0% 6% 2% 6% 12% 21% 2% 

TOTAL DISSOLVED PHOSPHORUS 41% 45% 0% 20% 9% 12% 38% 36% 44% 9% 

NONFILTERABLE RESIDUE 82% 68% 79% 53% 82% 63% 67% 68% 68% 52% 

TOTAL SELENIUM 4% 0% 0% 0% 6% 0% 2% 4% 0% 0% 

DISSOLVED SILICA 0% 0% 0% 0% 0% 0% 0% 0% 0% NA 

TOTAL SILVER 39% 24% 37% 19% 34% 27% 35% 36% 37% 22% 

SODIUM ION 44% 0% 13% 0% 7% 0% 0% 0% 0% 0% 

SPECIFIC CONDUCTANCE 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

TOTAL STRONTIUM 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

DISSOLVED SULPHATE 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

TOTAL THALLIUM 12% 5% 14% 2% 24% 10% 8% 12% 12% 4% 

TOTAL THORIUM 14% 10% 9% 7% 26% 13% 14% 32% 18% 9% 

TOTAL TIN 60% 62% 63% 55% 64% 56% 55% 40% 53% 40% 

TOTAL TITANIUM 0% 0% 0% 0% 0% 0% 0% 4% 0% 0% 

TOTAL DISSOLVED SOLIDS 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

TOTAL URANIUM 0% 0% 0% 0% 0% 0% 0% 4% 0% 0% 

TOTAL VANADIUM 0% 0% 0% 0% 2% 0% 2% 4% 0% 0% 

TOTAL ZINC 2% 2% 2% 2% 2% 0% 2% 8% 0% 2% 

 


